Portugal SB10: sustainable building affordable to all: low cost sustainable solutions by Bragança, L. et al.

 
PORTUGAL SB10 
SUSTAINABLE BUILDING 
AFFORDABLE TO ALL 
Low Cost Sustainable Solutions 
Organized by 
Universidade do Minho
Partners 

PORTUGAL SB10 
SUSTAINABLE BUILDING 
AFFORDABLE TO ALL 
Low Cost Sustainable Solutions 
Edited by 
Luís Bragança 
Manuel Pinheiro 
Ricardo Mateus 
Rogério Amoêda 
Manuela Almeida 
Paulo Mendonça 
Ana Miguel Cunha 
António Baio Dias 
Fátima Farinha 
Helena Gervásio 
Jorge de Brito 
Manuel C. Guedes 
Victor Ferreira 
© 2010 The authors 
All rights reserved. No part of this book may be reproduced, stored in a retrieval system,  
or transmitted, in any form or by any mean, without prior written permission from the Publisher. 
ISBN 978-989-96543-1-0 
Printed by Multicomp 
1st edition, March 2010 
300 copies 
 
LEGAL NOTICE 
The Publisher is not responsible for the use which might be made of the following information.

Foreword 
The conference Portugal SB10 - Sustainable Building Affordable to All is organized by 
University of Minho – UM, Technical University of Lisbon – IST and the Portuguese delegation 
of the International Initiative for a Sustainable Built Environment – iiSBE Portugal in 
Vilamoura, Algarve - Portugal, from the 17th till the 19th of March 2010. 
This conference is included in the “SB10” series of international conferences that are being 
organized all over the world. The event is supported by high prestige partners, such as the 
International Council for Research and Innovation in Building and Construction (CIB), the 
United Nations Environment Programme (UNEP), the International Initiative for a Sustainable 
Built Environment (iiSBE), Ordem dos Engenheiros (OE – Portuguese Engineers Professional 
Association) and Ordem dos Arquitectos (OA – Portuguese Architects Professional 
Association). 
Currently it is undeniable the importance of buildings on sustainable development due to their 
potential environmental impacts. It is also undeniable the role that the construction sector can 
play against climatic changes through the integration of high performance and low emission 
construction solutions, contributing to the reduction of the environmental impacts throughout 
the buildings life cycle. Several solutions are already available on the market that allow 
performance improvements, proving that it is actually possible to contribute to the formulation 
of new construction strategies, not only with improved technical and environmental quality, but 
also economically feasible, innovative and capable of promoting the sustainable development. 
The international conference Portugal SB10 is an excellent opportunity to discuss and reflect on 
good technical practices applicable not only to buildings but also to urban areas and 
communities. With the organization of this event, we expect to share knowledge, examples and 
strategies, to formulate proposals that include new principles and initiatives for the creation of a 
more sustainable environment and to stimulate sustainable construction policies that can lead to 
more responsible construction, affordable to all. 
The subjects discussed in this conference cover a wide range of important issues related with 
sustainable construction. The contributions given by the authors are the reflection of profound 
work and critical research that will give an important contribution towards sustainable 
development. The issues presented include: 
- Six invited keynote papers (Chapter 1); 
- Policies to low cost sustainable construction (Chapter 2); 
- Low cost sustainable building solutions (Chapter 3); 
- High performance sustainable building solutions (Chapter 4); 
- Monitoring and evaluation (Chapter 5); 
- Case-studies (Chapter 6). 
Sustainable Construction, affordable to all, undeniably responds to the actual strategies of 
responsible and sustainable development, strongly contributing to innovative partnerships and 
for local employment, becoming thus an engine of social cohesion and an important instrument 
of economic, environmental and social policy for present societies. 
Besides the keynote papers in Chapter 1, all the other papers selected for presentation and 
published in these proceedings, went through a systematic process of revision and were 
evaluated by at least, two reviewers. 
The Organizers want to thank all the authors who have contributed with papers for publication 
in the proceedings and to all reviewers, whose efforts and hard work secured the high quality of 
all contributions to this conference. 

The Organizers want also to thank the support given by InCI (Instituto da Construção e do 
Imobiliário) that sponsored and made possible the edition of these Proceedings. 
The organizers are also grateful to the following institutions that contributed to this event: 
STAP, FCT, IRHU, CIN, Soares da Costa, DST, CASAIS, energypark, SECIL, CIMPOR, 
Turismo de Portugal Algarve, Câmara Municipal de Loulé, Câmara Municipal de Lagos e 
Universidade do Algarve. 
A special gratitude is also addressed to Eng. José Amarílio Barbosa that coordinated the 
Secretariat of the Conference, to Eng. Miguel Silva that prepared and made available the 
Conference Webpage and to Eng. Catarina Araújo, Eng. Daniel Pinheiro and Eng. Deolinda 
Chaves for their help in administrative matters. 
Finally, “Portugal SB10 - Sustainable Building Affordable to All” wants to address a special 
thank to CIB, UNEP, iiSBE, OE and OA and wish great success for all the other SB10 events 
that are taking place all over the world. 
The Proceedings Editors 
Organizers 
Luis Bragança – University of Minho 
Manuel Pinheiro – Technical University of Lisbon 
Organizing Committee 
Ricardo Mateus – University of Minho 
Rogério Amoêda - University of Minho 
Manuela Almeida – University of Minho 
Paulo Mendonça - University of Minho 
Ana Miguel Cunha – Qualitel 
António Baio Dias – CTCV 
Fátima Farinha – University of Algarve 
Helena Gervásio – University of Coimbra 
Jorge de Brito – Technical University of Lisbon 
Manuel Correia Guedes - Technical University of Lisbon 
Victor Ferreira – University of Aveiro 

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Welcome
The strategy defined by the Portuguese Government for construction and real estate is based in 
sustainable concepts, optimizing the State regulatory functions in view to reduce bureaucracy, 
improve processes transparency, strengthening cooperation and guarantying an effective 
coordination in the definition and implementation of Government Program policies. 
As a result of the above mentioned strategy, the Portuguese Government recently assigned a 
new mission and new challenges to InCI - Instituto da Construção e do Imobiliário, I.P. 
(Institute of Construction and Real Estate). 
The mission of InCI, I.P. comprehends the regulation of the construction and real estate markets 
being the new challenges the promotion and implementation of solutions that achieve 
sustainability priorities, reduce environmental impact, enable energy efficiency in buildings, 
contribute to energy and environment certification, improve the rational use of materials and the 
construction waste management in Portugal. Summarizing, InCI, I.P. has an ambitious and 
challenging aim that is the modernization of the Portuguese construction sector contributing to 
the efficiency and sustainability of construction in general and of buildings in particular. 
The aims of InCI, I.P. are fully in line with the scope of the conference “Portugal SB10 - 
Sustainable Building Affordable to All” and, therefore, participating in the edition of these 
Proceedings is a contribution to positively changing the construction industry towards the 
adoption of sustainable and efficient building practices. 
InCI’s support will also promote the opportunity to increase awareness and interest among the 
economic operators to the issues related to sustainable construction, through the exchange of 
practices, experiences and information. 
It is with a great pleasure that InCI, I.P. warmly welcomes all the participants and wishes a great 
success to the conference Portugal SB10 - Sustainable Building Affordable to All. 
The Executive Board 


Organizers 
Luís Bragança 
University of Minho 
Manuel Pinheiro 
Technical University of Lisbon 
Organizing Committee 
Ricardo Mateus 
University of Minho 
Rogério Amoêda 
University of Minho 
Manuela Almeida 
University of Minho 
Paulo Mendonça 
University of Minho 
Ana Miguel Cunha 
Qualitel 
António Baio Dias 
CTCV 
Fátima Farinha 
University of Algarve 
Helena Gervásio 
Universidade of Coimbra 
Jorge de Brito 
Technical University of Lisbon 
Manuel Correia Guedes 
Technical University of Lisbon 
Victor Ferreira 
University of Aveiro 


Scientific Committee 
Albert Cuchí
Universidad Politécnica Cataluña, Spain 
Manuela Almeida 
Universidade do Minho, Portugal
Alexandra Neves
Univ. Eduardo Mondlane, Moçambique 
Mauritz Glaumann 
University of Galve, Sweden
António Baio Dias 
CTCV, Portugal
Mattheos Santamouris 
University of Athens, Grece
António Guerreiro de Brito
CEA-OE, Portugal
Michel de Spot 
EcoSmart Foundation, Canada
Charles Kibert 
University of Florida, USA
Miguel Amado 
Universidade Nova de Lisboa, Portugal
Eduardo Maldonado 
Universidade do Porto, Portugal
Nils Larsson 
IISBE, Canada
Fernando Branco 
Instituto Superior Técnico, Portugal
Paulo A. Santos 
Universidade de Coimbra, Portugal
Fernando Rodríguez 
Universidad Politécnica de Madrid, Spain
Paulo Santos 
ADENE, Portugal
Frank Schultmann 
Universität de Karlsruhe, Germany
Paulo Mendonça 
Universidade do Minho, Portugal
Greg Foliente 
CSIRO, Australia
Pekka Huovila 
VTT, Finland
Heli Koukkari 
VTT, Finland
Peter Graham 
UNEP, Australia
Hipólito de Sousa 
Universidade do Porto, Portugal
Petr Hajek 
TU Prague, Czeck Republic
Jaume Avellaneda 
Universidad Politécnica Cataluña, Spain
Pina dos Santos 
LNEC, Portugal
Jorge Brito 
Instituto Superior Técnico, Portugal
Raymond Cole 
University of British Columbia, Canada
Jorge Patricio 
LNEC, Portugal
Ricardo Mateus 
Universidade do Minho, Portugal
Livia Tirone 
Tirone Nunes, Portugal
Ronald Rovers 
Univ of Applied Science Zuyd, Neederland
Luís Bragança 
University of Minho, Portugal 
Said Jalali 
Universidade do Minho, Portugal
Luís Marinheiro 
OE RN, Portugal 
Silva Afonso 
Universidade de Aveiro, Portugal
Luis Silva 
ADENE, Portugal
Teresa Leão 
LNEG, Portugal
Luís Simões Silva 
Universidade de Coimbra, Portugal
Thomas Lützkendorf 
University of Karlsruhe, Germany
Manuel Correia Guedes 
Instituto Superior Técnico, Portugal
Vasconcelos Paiva 
LNEC, Portugal
Manuel Macias 
Universidad Politécnica Madrid, Spain
Victor Ferreira 
Universidade de Aveiro, Portugal
Manuel Pinheiro 
Technical University of Lisbon, Portugal
Wim Bakens 
CIB, Neederland


Sponsors 
Diamond 
Platinium 
        	

Gold 
Silver 


Contents 
Foreword V
Luís Bragança, Manuel Pinheiro, Ricardo Mateus, Rogério Amoêda, 
Manuela Almeida, Paulo Mendonça, Ana Miguel Cunha, António Baio 
Dias, Fátima Farinha, Helena Gervásio, Jorge de Brito, Manuel Correia 
Guedes, Victor Ferreira 
Welcome VII
Chapter 1: Keynote Lectures 
Net-Zero Energy Buildings: The Next Shift in Green Building? 3
Charles J. Kibert 
Beyond Green: Changing Context - Changing Expectations 23
Raymond J. Cole 
Dealing with climate change and resource depletion in Europe 29
Nils K. Larsson 
Procuring and Financing Sustainable Buildings 37
Thomas Lützkendorf 
The shift from “less bad” to “0-impact” 45
Ronald Rovers 
Construction Counts for Climate – Also after Cop15 in Copenhagen 51
Kaarin Taipale 
Chapter 2: Policies to Low Cost Sustainable Construction 
Benefits of water efficiency 61
Armando Silva Afonso, Carla Pimentel Rodrigues 
Architecture, tourism and sustainable development for the Douro region 69
António Feio, Manuel Correia Guedes 
Life Cycle Assessment of constructive materials – a qualitative approach 77
Danielly Borges Garcia, Maria Tereza Paulino Aguilar, Francisco Carlos 
Rodrigues, Andréa Martins Grativol & Viviane Madureira Sales 
Portuguese Thermal Building Legislation and Strategies for the Future 83
H. J. P. Gonçalves, M. J. N. Oliveira Panão & S.M.L. Camelo 

The SURE-Africa Project: Sustainable Urban Renewal – Energy Efficient Buildings 
for Africa 91
Manuel Correia Guedes, Nick Baker; Torwong Chenvidyakarn; Gustavo 
Cantuária, Klas Borges, Luis Alves, Joana Aleixo, Italma Pereira 
Rehabilitation of rural houses as a contribution to Sustainable Construction 97
João Carlos Gonçalves Lanzinha, João Paulo de Castro Gomes 
Arquitectura Enquanto Interface Dinâmico com o Mundo Natural 105
Alexandre Loureiro 
Comparative approach to energy behavior of contemporary urban buildings in Greece 113
N. Papamanolis, M. Tsitoura 
The importance of the external envelope within energy certification of residential 
buildings in Portugal 119
V. M. Rato  
Sustainable Mediterranean Urban Development Affordable to All, a Morphological 
Approach 127
Serge Salat, Daphné Vialan 
From low cost buildings to eco neighborhoods – possibilities and contradictions in 
affordable housing refurbishment 139
C. Vitorino dos Santos 
Material flow analysis for reaching a sustainable model of the building sector 147
Lídia Rincón Villarreal, Gabriel Pérez Luque, Marc Medrano, Luisa F. 
Cabeza Fabra, Albert Cuchí i Burgos 
Chapter 3:Low cost sustainable building solutions
Low cost sustainable building solutions: A study in Angola 157
Joana Rosa Santos Aleixo, Manuel Correia Guedes 
Defining eco-efficiency solutions useful during maintenance activities of existing 
buildings 163
Cristina Allione 
Lighting Design in Workplaces: A Case Study of a Modern Library Building in 
Sheffield, UK 171
Dr Hasim Altan, Hasim Altan, Yuan Zhang 
An integrated approach to products and their environment 179
Cozzo, Brunella; Marino 
FGD Gypsum Based Composite for Non-Structural Applications in Construction 185
A. Camões, C. Cardoso, R. Eires, S. Cunha, G. Vasconcelos, P. Medeiros, S. 
Jalali, & P. Lourenço 

Materic character of constructive dry systems for prefab-House. Research and 
didactics experience. 193
Alberto De Capua, Francesca Giglio 
Transforming a double window into a passive heating system 201
J. S. Carlos, H. Corvacho, P. D. Silva & J. P. Castro-Gomes 
A Influência do tipo de vidro na eficiência energética da envoltória 209
Milena Sampaio Cintra, Larissa Olivier Sudbrack, Júlia Teixeira Fernandes, 
Cláudia Naves David Amorim 
The advantage of adaptable buildings with respect to the energy consumption over 
the life of the building 217
Ruth Collins, Thomas Grey, Mark Dyer 
Sugar components as a natural reinforcement of earth based construction materials 225
N. Cristelo, J. Pinto, A. Morais, E. Lucas, P. Cardoso, H. Varum 
The use of Natural Fibres on Architecture: the local economy and the Arts and Crafts 231
Alex Davico, Paulo Mendonça 
Reabilitação Sustentável de Edifícios Industriais: Melhoria de Iluminação Natural e 
Conforto Térmico em Miraflores 239
Maria de Lurdes Gaspar Duarte 
Affordable Houses: a sustainable concept for a light weight steel dwelling 247
H. Gervásio, L. Simões da Silva, V. Murtinho, P. Santos, D. Mateus 
Sustainable roof-top extension: a pilot project in Florence (Italy) 255
Roberto Di Giulio 
Environmental and economical viability associated to the sustainability criteria 
applied in commercial buildings 265
Luciana Netto Jesus, Manuela Guedes de Almeida, António Carlos de 
Almeida 
Alternative uses of water in buildings – An affordable sustainable solution 273
M. Maia, C. Pimentel Rodrigues, A. Silva-Afonso, V. M. Ferreira 
Advantages of using raw materials in low cost sustainable structural solutions for 
single-family buildings 281
A. Murta, C. Teixeira, H. Varum, I. Bentes, J. Pinto 
Structural Behaviour of Dry Stack Masonry Construction 289
Rogério Pave, Herbert Uzoegbo 
How small can a house be? 297
J. Branco Pedro 
Sustainable construction and architecture in Guinea-Bissau: Opportunities and 
Challenges 305
Italma Costa Pereira, Manuel Correia Guedes 

Life cycle cost as base to define low cost sustainable building solutions 313
Sofia Ferreira Real, Manuel Duarte Pinheiro 
Energy performance and thermal behaviour of light steel buildings 321
P. Santos, H. Gervásio & L. Simões da Silva, A. Gameiro, V. Murtinho 
Light school buildings. A new way to look at public educational building. 329
Teresa Pochettino, Valeria Marta Rocco 
Integration of the new component into the design method for thermal insulating 
connections 337
Zuzana Sulcova, Zdenek Sokol, Frantisek Wald 
Chapter 4: High performance sustainable building solutions
The keep Cool II idea and strategy: from “cooling” to “sustainable summer comfort” 347
S. M. L. Camelo, H. J. P. Gonçalves, C. Laia, M. Richard 
Exigências de Sustentabilidade dos Materiais de Construção na Documentação 
Técnica de Obras 355
Bruno Duarte, Hipólito de Sousa 
High-performance solutions for refurbishment of retail buildings - Retailers review 363
A. Ferreira, M. Pinheiro & J. Brito 
Utilization of high performance concrete in the design of sustainable buildings 371
P. Hajek, C. Fiala, M. Kynclova 
Systemic building maintenance management for Malaysian University Campuses: An 
Analytical Analysis 379
A. Olanrewaju Abdul Lateef, Mohd Faris Khamidi, Arazi Idrus 
Design of high tech components for controlling thermal inertia in mediterranean 
regions 389
M. Lemma, A. Giretti, R. Ansuini, C. Di Perna 
Sustainable environment in steel structures and industrialized insulations 397
Roberta Carvalho Machado, Henor Artur de Souza, Cláudia Barroso-Krause
Environmental architecture design applied to high performance industrial buildings – 
Ladoeiro industrial production of alcohol 407
M. Manso & M. Pinheiro 
Concepção e Automatização de Sistemas Passivos e Activos para uma Escola Net 
Zero Energy Building 415
Artur Ribeiro, João Ramos, José Baptista 
Facades Modules for Eco-Efficient Refurbishment of Buildings: An Overview 423
Helenice Maria Sacht, Luis Bragança, Manuela G. Almeida 

Development of research related to alkali-silica reaction in concrete with recycled 
aggregates 433
Miguel Barreto Santos, Jorge de Brito, António Santos Silva 
Geopolymeric Artificial Aggregates as New Materials for Wastewater 441
Isabel Silva, João Castro-Gomes, António Albuquerque 
High Energy Efficiency Retrofit Module Development                                                            449
P. Pereira da Silva, M. Almeida, L. Bragança, V. Mesquita 
Achieving Sustainability through Energy Efficiency while Assuring Indoor 
Environmental Quality 457
Sandra Monteiro da Silva, Manuela Guedes de Almeida
Self-compacting concrete (SCC) - Contribution to Sustainable Development  465
P.M. Silva, J. de Brito 
Chapter 5: Monitoring and evaluation
Life cycle assessment (cradle to gate) of a Portuguese brick 477
M.I. Almeida, A.C. Dias & L.M. Arroja, Baio Dias 
The LT-Portugal software: a design tool for Architects 483
Nick Baker, Manuel Correia Guedes, Nabeel Sheik, Luis Calixto, Ricardo 
Aguiar 
LCA Database for Portuguese Building Technologies 489
Luís Bragança, Ricardo Mateus 
Portal de Construção Sustentável (PCS): an online tool for sustainable designers 497
M. I. Cabral, A. Delgado 
Energy Performance Certification in Portugal as a tool to achieve real energy savings 
in buildings 505
Manuel Casquiço, Paulo Santos 
Use of PCM in Mediterranean building envelopes 513
Albert Castell, Marc Medrano, Cristian Solé, Luisa F. Cabeza 
Experimental study on the performance of buildings with different insulation 
materials 521
Albert Castell, Marc Medrano, Ingrid Martorell, Luisa F. Cabeza 
National portal for the energy certification of buildings: DOCET 527
Ludovico Danza, Lorenzo Belussi, Italo Meroni 
Ecological Footprint: a “switched on”, a “switched off” and “on the move” indicators 
for ecocompatibility building assessment 533
Roberto Giordano, Silvia Tedesco 
 XX 
 
Towards a quantitative thermography for buildings - indoor measurement of thermal 
losses 541 
A. Giretti, R. Ansuini, M. Lemma, R. Larghetti, C. Di Perna 
 
Methodology for assessing changes to participants’ perceptions, awareness and 
behaviours around sustainable living, in response to proactive sustainable  technology 
interventions in social housing 549 
Carolyn S Hayles, Jane McCullough, Moira Dean 
 
Indoor Performance and Sustainability 557 
Pekka Huovila, Antonín Lupíšek, Pierre‐Henri Lefebvre, Paul Steskens 
 
The “energy cost” as performance parameter. A Decision Making Support System for 
retrofit actions. 565 
M.T. Lucarelli, M. Milardi & F. Villari 
 
Contributo para o Módulo de Turismo da Metodologia SBToolPT 573 
Céline Baptista Machado, Ricardo Mateus, José Amarílio Barbosa, Luís 
Bragança 
 
Sustainability Assessment of an Affordable Residential Building Using the 
SBToolPT Approach 581 
Ricardo Mateus, Luis Bragança 
 
Survey on the main defects in ancient buildings constructed mainly with natural raw 
materials 589 
A. Murta, J. Pinto, H. Varum, J. Guedes, J. Lousada, P. Tavares 
 
Performance measurement and improvement of non residential buildings: carbon 
dioxide accounting and energy saving 597 
Giancarlo Paganin, Cinzia Talamo, Chiara Ducoli 
 
Behaviour of green facades in Mediterranean continental climate 605 
Gabriel Pérez, Lídia Rincón, Anna Vila, Josep Maria González, Luisa F. 
Cabeza 
 
Conception of Sustainable Construction in civil engineering projects. Dimensions and 
Indicators of Sustainability 613 
G. Fernández Sánchez, F. Rodríguez López 
 
Computer simulation applied to urban analysis for the rehabilitation of sections of the 
Federal District - Brazil. 621 
Caio Frederico e Silva, Milena Sampaio Cintra, Marta Adriana Bustos 
Romero 
 
Building’s external walls in Life-Cycle Assessment (LCA) research studies 629 
J. D. Silvestre, J. de Brito & M. D. Pinheiro 
 
Economic Feasibility Analysis of Sustainable Construction Measures 639 
Liliana Filipa Viana Soares 
 
 
 
 
 
 
 
 XXI 
Thermal Performance of Residential Buildings with Large Glazing Areas in 
Temperate Climate 
 
647 
M. C. P. Tavares, H. J. P. Gonçalves, J.N.T. F. C. Bastos 
 
Life Cycle Inventory (LCI) analysis of structural steel members for the environmental 
impact assessment of steel buildings 655 
I. Zygomalas, E. Efthymiou & C.C. Baniotopoulos 
 
Chapter 6: Case-studies 
Assessment of Solar XXI Building Sustainability by SBToolPT Methodology 665 
Joana Bonifácio Andrade, Luís Bragança, Armando Oliveira 
 
An Ergological Approach to Building Maintenance 673 
M. A. R. Bastos & H. A. de Souza 
 
A post occupancy evaluation of a BREEAM ‘excellent’ rated office building in the 
UK 683 
S.J. Birchall, J.A. Tinker 
 
A Sustainable Development Centre: Xrobb il-Għaāin Nature Park, Malta. 691 
R. P. Borg, C. Spiteri Staines & J. Borg, C. Fenech 
 
Traditional vs selective demolition – comparative economic analysis applied to 
Portugal 699 
André Coelho, Jorge Brito 
 
Building rehabilitation towards primary energy saving: case study 713 
Antonio A. G. Coelho, Luiz A. Pereira de Oliveira 
 
An Integrated Approach for Sustainability (IAS): Life Cycle Assessment (LCA) as a 
supporting tool for Life Cycle Costing (LCC) and social issues. 721 
C. A. Dattilo, P. Negro, R. Landolfo 
 
Is the Portuguese Energetic Certification System of Buildings na efficient tool to 
achieve the sustainability? 729 
Joaquim Ferreira, Manuel Duarte Pinheiro 
 
Assesment of Hexavalent Chromium stabilization in artificialy contaminated soil 
using Geosta as a secondary binder 737 
Panagiotis Fotis, Nicholas Hytiris, Helen Keenan 
 
Selecting insulating building materials trough an assessment tool 745 
S. Lucas, V. M. Ferreira 
 
Bioclimatic interventions in the refurbishment of educational buildings 753 
S. P. Martinis 
 
The bioclimatic dimension in the Modern residential architecture in Cyprus 761 
A. Michael & M. C. Phocas 
 
  
 XXII 
Earth, wind and sun: Bioclimatic parameters in an architectural proposal 769 
A. Michael & C. Hadjichristos, F. Bougiatioti, A. Oikonomou 
 
Life cycle energy and environmental assessment of alternative exterior wall systems 777 
H. Monteiro & F. Freire 
 
Potential solutions to glazed facades in the tropics 785 
Leonardo Marques Monteiro, Anésia Barros Frota 
 
Demonstrating cost-effective low energy solutions in Denmark – Results from the 
Class 1 EU CONCERTO project 793 
Ove Mørck, Kirsten Engelund Thomsen 
 
Solar XXI building: proof of concept or a concept to be proved? 801 
M. J. N. Oliveira Panão & H. J. P. Gonçalves 
 
Integrated Design of low-energy houses in Selvino, Italy 807 
G. Salvalai, E. Zambelli, G. Masera, F. Frontini, G. Ghilardi 
 
Contribution for improving energy efficiency in Malagueira Quarter 815 
Francisco Serôdio & J. J. Correia da Silva 
 
An experience on applying sustainability and energy efficiency in undergraduate 
building design 825 
Roberta Vieira Gonçalves de Souza, Ana Carolina de Oliveira Veloso, Paula 
Rocha Leite 
 
Traditional and passive house energy footprint calculation methods 833 
Dan Stoian, Ioana Botea, Valeriu Stoian 
 
Sustainable housing for all, respecting disabilities 841 
András Zöld, Mónika Parti. 
 
Can LiderA system promote affordable sustainable built environment to all? 849 
Manuel Duarte Pinheiro 
 
 
  
 
 
 
 
 
 
 
Chapter 1 
 
Keynote Lectures 
 
1 OVERVIEW  
The built environment is a major consumer of resources, both in its construction and operation. 
Buildings consume about one-third of global energy, and the built environment continues to 
grow as population, affluence, and urbanization increase.  In the U.S., buildings consume 40% 
of primary energy, while the industrial sector consumes 32% and transportation accounts for 
28%.  According to Torcellini, Pless, Deru and Crawley (2006), commercial and residential 
buildings use almost 40% of the primary energy and approximately 70% of the electricity in the 
United States. The power required to heat and cool buildings causes about 40% of greenhouse 
gas (GHG) emissions, and if current trends continue, buildings will be the major energy con-
sumers by 2025, using as much energy as industry and transportation combined.  The challenge 
is to develop radically new, holistic strategies that can reverse this trend and reduce both energy 
and GHG emissions.  One of the hopeful new strategies is the development of net-zero energy 
(NZE) buildings which, over the course of a year, produce as much energy from renewable 
sources as they consume, the result being buildings that are energy self-sufficient.  According to 
Madsen (2007), “the U.S. Department of Energy (DOE) and the National Renewable Energy 
Laboratory (NREL) in a June 2006 conference paper titled Assessment of the Technical Poten-
tial for Achieving Zero-Energy Commercial Buildings, 22 percent of buildings today have the 
potential to be ZEBs. Through advancements in technology, an estimated 64 percent of build-
ings could be ZEBs by 2025.” This statement embodies the ideal that although net zero energy 
building is not a brand new concept, it is still in its infancy. With the tremendous amount of 
money that the new U.S. presidential administration has allotcated for research and development 
in the building sector, the idea of net zero energy building is growing in popularity and imple-
mentation.   
Net-Zero Energy Buildings: The Next Shift in Green Building? 
Charles J. Kibert  
University of Florida, Gainesville, Florida, USA 
ABSTRACT: The increasing cost of energy and international pressure to address climate 
change are forcing some major shifts in high performance building strategies in the U.S. and 
elsewhere around the world.   Coupled with lower construction costs,  tax breaks and other in-
centives, and more favorable pricing for renewable energy systems, particularly photovoltaics, 
the implementation of net-zero energy (NZE) strategies for commercial and residential con-
struction is rapidly moving from concept to reality.  Migrating to NZE buildings is being em-
bedded in U.S. energy strategy and California has already mandated NZE residential buildings 
by 2020 and NZE commercial buildings by 2030 (Wendt 2008).  This paper will describe the 
concept of NZE buildings, provide information on the growth of the photovoltaic industry sup-
porting the deployment of NZE buildings, discuss the state of the art of current U.S. residential 
and commercial NZE buildings, and describe a recent large-scale NZE project in Florida.  Final-
ly the barriers and problems with the NZE concept will be described to provide closure on this 
subject.
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As a side note, by way of a deal reached on 17 November 2009, the European Union is ex-
pected to enact laws to set energy efficiency standards for all public buildings by 2018 and the-
reafter all commercial buildings and homes. Converting existing buildings to near-zero energy 
standards was a major part of negotiations that took place between European Parliament and 
Council in hopes of using the public sector as an example for the rest of Europe’s buildings and 
homes.  All new buildings built after 2020 must rely mostly on renewable energy under this 
plan. By mid-2011, EU Member States must identify financial and other incentives for the tran-
sition, such as technical assistance, subsidies, loan schemes and low interest loans. 
2 THE NZE CONCEPT 
In general it is assumed that the NZE building is connected to the grid and that energy flows to 
and from the grid over the course of a typical day.  Rather than have an energy storage system 
on-site, the grid is used as the storage device.  The following are several variants of the defini-
tion of NZE buildings by the U.S. National Renewable Energy Laboratory (Torcellini, Pless, 
Deru and Crawley 2006; Malin and Boehland 2005): 
Zero-net-annual site energy.  This is probably the most commonly understood definition for 
NZE buildings and the concept is that on an annual basis, an equal amount of energy  is ex-
ported from the building footprint as is imported in the form of electricity and/or  natural gas.  
The site generated energy is normally electricity and the accounting is done at the site boundary.  
Energy derived from wood on-site or methane generated onsite are not included in the account-
ing, only energy generated within the building footprint. 
Zero-net-annual source energy.  The total energy used off-site to generate the energy im-
ported to the building must be matched by on-site generated energy.   In the U.S. for electrical 
energy, each unit of energy generated requires a factor of 3 units of fuel energy.  For natural gas 
1.1 units of fuel energy are required to deliver each unit of natural gas energy to the building.    
This definition tends to favor the use of fossil fuels over electricity as an energy source. 
Zero-net-annual energy cost.  For a zero-net-annual energy cost building, the amount of 
money collected by the building owner from the utility for exporting on-site generated electrici-
ty is equal to the electric and natural gas utility bills.    Because natural gas is cheaper, less site 
generated electricity can be used to offset the same amount of natural gas energy.  
Zero-net-annual emissions.   This definition is based on offsetting the emissions of the energy 
source used to power the building and generally refers to greenhouse gas (GHG) emissions.  As 
a result another name for a zero-net-annual emissions building is a climate neutral building.  
Offsets can be created by onsite generated PV electricity, or through the purchase of, for exam-
ple Renewable Energy Certificates (RECs) or Green Tags that support the generation of off-site 
renewable energy. 
 
Although NZE generally applies to individual buildings, it can also be applied to groups of 
buildings.  For example a recently completed research report into the feasibility of using PV 
energy at large scale by the Florida Department of Transportation concluded that it was possible 
to make large turnpike plazas self-sufficient for meeting their energy needs (Kibert et al. 2010).  
A description of this project is included as a case study in this paper. 
Achieving NZE buildings is a challenging process because it is heavily dependent on several 
factors, all of which must be favorably addressed for a building to achieve this level of perfor-
mance: 
• The building must be designed to consume the minimum energy possible. 
• The occupants must be willing to conserve energy in the operation of the building (sys-
tem scheduling, setpoints, maintenance, recommissioning) 
• A feedback and control system designed to inform occupants and assist in reducing 
energy consumption must be provided. 
• Adequate site and building roof area must be available for installation of a renewable 
energy system, most often PV system. 
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Figure 3. Annual buildup of demand by U.S. State 2008-2012 in MW of annual installation (Green-
tech Media 2010) 
 
In spite of the lagging U.S. market compared to Spain, Germany, and Japan over the next 
four years, the U.S. may well experience the most rapid demand growth of any major PV mar-
ket. Base case U.S. PV demand indicates growth to 1,515 MW in 2012, with annual growth 
from 2008 to 2012 averaging 48 percent. The upside scenario sees demand reaching 2,022 MW 
in 2012. During this period, the U.S. surpasses Spain, and potentially Germany, to become the 
leading global PV market. Although California’s market share remains relatively steady at 
around 50 percent of national capacity second-tier markets gain increasing value as their abso-
lute size increases. The U.S. market is unique in the world because it is actually comprised of 50 
state markets with various programs and incentives inducing PV installations.  Renewable Port-
folio Standards (RPS) in which a state requires its utilities to generate a minimum level of elec-
tricity via renewables is one of several forces causing the growth of solar PV in the U.S.  By 
2012, combined base case demand from leading secondary states Arizona, New Jersey, New 
Mexico, New York, Nevada and Massachusetts reaches 376 MW. A recent December 2009 
forecast by Greentech Media Inc. indicates that the cost of PV generation and grid electricity is 
rapidly converging (Greentech Media 2010).  In their report,Greentech Media modeled 16 states 
to determine when post-incentive PV generation costs and grid electricity will converge. Each 
state offers an incentive package that favors some market segments over others. Price conver-
gence in these markets is heavily sector-dependent. States with high levels of demand, such as 
New Jersey and California, have already experienced price convergence in particular market 
segments, while others stand on the precipice. By 2012, 11 of 16 states will have surpassed 
price convergence in the commercial sector, and ten will have done so in the residential sector. 
The active engagement of solar developers offering Purchase Power Agreements (PPA), as-
sisted by substantial finance and tax incentives, is obviating the need for capital investment by 
residential and commercial customers. 
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Figure 4.  In 10 of 16 U.S. states in a recent report forecasting solar PV growth in the U.S., the cost of PV 
electric generation is less than grid-connected electricity by 2012 (Greentech Media 2010). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Solar insolation in the U.S. varies from 8 KWh/m2/day to about 3 KWh/m2/day with most of the 
U.S. receiving 4 to 6 KWh/m2/day  (Source: U.S. National Renewable Energy Laboratory) 
 
The U.S. has enormous potential for renewable energy for both solar and wind applications.  
Solar insolation ranges from about 8 KWh/m2/day in some areas of the southwest to 6 in Hawaii 
to about 5.5 in Florida, 4 in the northeast, 3.5 KWh/m2/day in portions of the Pacific northwest, 
and to 3 KWh/m2/day or less in Alaska.  On the average it is in the 4 to 6 KWh/m2/day range 
over most of the U.S. (See Figure 5.)  By some estimates virtually all of the energy needs of the 
U.S. could be met by solar thermal or solar electric energy systems.  At present the total grid 
connected solar PV is about 800 MW out of a total 1,000 GW of generating capacity in the U.S., 
about 0.1% of generating capacity.  This compares to wind energy which now comprises 35,000 
MW of generating capacity, a factor of more than 40 greater than solar PV.   
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4 NET ZERO ENERGY COMMERCIAL BUILDINGS  
Research and development of NZE commercial buildings became national policy in the U.S. by 
virtue of the Energy Security and Independence Act  of 2007 (ESIA 2007) which established the 
Net-Zero Energy Commercial Buildings Initiative. The stated goal of this initiative is: To devel-
op and disseminate technologies, practices, and policies for the development and establishment 
of net-zero energy commercial buildings for: (1) Any commercial building newly constructed in 
the U.S. by 2030; (2) 50 percent of the commercial building stock of the U.S. by 2040; and (3) 
All commercial buildings in the U.S. by 2050 (NSTC 2008 and Butcher 2009).  In addition to 
national and state policy drivers behind the move to produce NZE commercial buildings, the re-
cent launch of the Building Energy Quotient (Building EQ) program by the American Society of 
Heating, Refrigeration and Airconditioning Engineers (ASHRAE) in December 2009 poses 
NZE buildings as the highest achievement level for a commercial buildings (See Figure 6.) 
(ASHRAE 2009). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The ASRAE Building EQ label reserves the highest level of building energy performance, an 
A+, for NZE buildings (ASHRAE 2009). 
 
In fact at present there are just eight few non-residential buildings in the U.S. Zero Energy 
Buildings Database and most of these are relatively small buildings  (See Table 1.) 
 
Table 1.  List of non-residential NZE buildings in the U.S. (USDOE 2010) 
Name Location Building Type Floor area, m2 
Aldo  Leopold Center Wisconsin Commercial office 1,190 
Audubon Center at Debs Park California Recreation center 502 
Challengers Tennis Club California Recreation building 350 
Environmental Technology Center California Higher education/laboratory 220 
Hawaii Gateway Energy Center Hawaii Commercial office 360 
IDeAs Z2 Design Facility California Commercial office 656 
Oberlin College Lewis Center Ohio Higher education/library 1,360 
Science House Minnesota Museum/interpretive center 153 
5 NET ZERO ENERGY HOMES (NZEH) 
Of particular importance in reducing U.S. energy consumption are residential buildings, espe-
cially single family homes. Table 2. indicates the characteristics of housing in the U.S. from the 
latest version of “American Housing Survey for the United States” for the year 2007.  Although 
most housing is comprised of the existing housing stock, an enormous number of new homes, 
estimated at 34 million, were forecast to be constructed between 2005 and 2030 (McKinsey 
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Company 2007). Consequently rapidly raising the bar for new residential construction is crucial 
to reducing U.S. energy consumption and shifting to renewable energy resources. 
 
Table 2. Characteristics of Residential Buildings in the United States (AHS 2008) 
Total Housing Units 
(millions) 
Single-Family 
Houses (millions)
Multifamily Hous-
ing(millions)
Manufactured Housing 
(millions) 
128.2 87.5 31.9 8.7 
 
Some jurisdictions are already making policy changes that would require NZEH and other 
buildings in the not too distant future. Every two years, the California Energy Commission 
(CEC) releases an Integrated Energy Policy Report in which it makes recommendations for 
energy policy in the state, including changes to Title 24, the energy efficiency portion of the 
building codes (Pfannenstiel and Geesman 2007). In its 2007 report, CEC recommended adjust-
ing Title 24 to require net-zero-energy performance in residential buildings by 2020 and in 
commercial buildings by 2030. The CEC believes that new legislation to incorporate these goals 
is not needed and is already moving to put them in place.  The goals set in California were in-
spired by the 2030 Challenge goals, in which the nonprofit organization, Architecture 2030, 
called for no fossil fuel use by buildings by 2030. California’s goals are focused on net-zero-
energy performance instead of fossil fuel use. CEC based its definition of net-zero-energy per-
formance, and many of its recommendations, on a report by the California Public Utility Com-
mission (CPUC), which states that a goal of “no net purchases from the electricity or gas grid” 
may be met with energy-efficient design and “onsite clean distributed generation.”  
 On September 5. 2007 the City Council of Austin, Texas passed a resolution to establish the 
Zero Energy Capable Homes (ZECH) program which requires new single-family homes to be 
ZNE capable by 2015 (Austin 2007). These homes will be 65% more efficient than homes built 
to the Austin Energy Code in 2006, and it will be cost-effective to install renewable on-site gen-
eration and become zero energy homes.  The program will be implemented in phases. The first 
of four planned local amendments to the International Energy Conservation Code (IECC) was 
approved by the City Council in October, 2007.  Austin’s program demonstrates that increasing 
energy efficiency and decreasing greenhouse gas emissions can both be cost-effective. When the 
increased cost of building the home is rolled into a 30-year mortgage, reduced energy costs are 
greater than increased mortgage payments.  Historically, the main obstacle to adopting effective 
energy codes has been resistance from the home building industry and affordable housing advo-
cates, due to cost concerns. Austin overcame this resistance by forming a task force that in-
cluded representatives from these groups as well as industry trade associations, energy efficien-
cy advocates, the Electric Utility Commission, Texas Gas Service, and City Staff. A positive and 
productive task force addressed the needs of stakeholder groups, increased buy-in from the 
community, enhanced participation in the program, and will help insure the long-term success 
of the project.  These program’s initial amendments increased the overall efficiency of homes 
by 11% and electric energy efficiency by 19%. For 2008, based on average annual construction 
of 6,400 new homes, this translates into an annual reduction of 9,367 metric tons of CO2. The 
first amendments also reduced annual household energy consumption by 2515 kWh and 4 
therms of gas. This decreases household energy costs by $227.68 per year, with an estimated 
payback of 5.2 years. And finally, the changes will reduce SO2 emissions by 3.9 tons and NOx 
by 19.8 tons. 
 On July 14, 2009 General Electric unveiled plans for a “Net Zero Energy Home” project 
which combines GE’s most efficient appliances and lighting, the company’s new energy man-
agement systems, and GE power generating and storing technologies in new home construction 
(LaMonica 2009). When applied together, the system would enable a homeowner to achieve net 
zero energy costs by 2015. The Net Zero Energy Home project – and new smart grid consumer 
poll data from the U.S. and the U.K. – were introduced at GE’s smart grid symposium at its 
Global Research Center in upstate New York. As part of the company’s Ecomagination strate-
gy, the GE Net Zero Energy Home offerings will be comprised of three major groups within the 
product portfolio: energy efficient products including appliance and lighting products that will 
reduce energy consumption in the home; energy management products that will enable consum-
ers to manage their costs and energy consumption; and energy generation/storage products like 
solar PV, advanced energy storage and next generation thin film solar that will play an integral 
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part in the net zero energy home.  In 2010 GE will introduce the Home Energy Manager, their 
version of a central nervous system for the Net Zero Energy Home that will work in conjunction 
with all the other enabling technologies in the home to help homeowners optimize how they 
consume energy. GE will also introduce a line of smart thermostats in 2010 that, together with 
the Home Energy Manager, will inform consumers on their energy use and empower them to 
make smarter decisions on their energy  
 Key to the NZEH strategy are radical improvements in the energy performance of homes, 
with reductions in typical home energy consumption on the order of 60% to 70% needed to 
bring NZEH to reality.  This improvement in performance, coupled with advanced control tech-
nology and an optimized feedback system, and on-site generation of electricity from solar pho-
tovoltaic systems, provides a realistic and achievable pathway to NZEH’s.  Although NZEH’s 
are rapidly becoming a reality, there are several gaps in technology that make the transition dif-
ficult.  The advent of the smart grid will help close some of the key gaps needed to make the 
overall building stock shift to a NZE status.  A smart grid uses digital technology to improve re-
liability, security, and efficiency (both economic and energy) of the electric system from large 
generation, through the delivery systems to electricity consumers and a growing number of dis-
tributed-generation and storage resources (DOE/OEDER 2008a). The information networks that 
are transforming our economy in other areas are also being applied to applications for dynamic 
optimization of electric system operations, maintenance, and planning. Resources and services 
that were separately managed are now being integrated and rebundled as society addresses tradi-
tional problems in new ways, adapts the system to tackle new challenges, and discovers new 
benefits that have transformational potential.  
 Although the smart grid provides some level of data that a homeowner can access to under-
stand and respond to reduce their energy consumption, it does not provide adequate feedback 
for a NZEH owner to be immediately aware of the home’s energy consumption profile and pat-
terns.  Additionally the owner must log into a utility website to view data that is not real time 
and not adequately fine-grained for response.  Ultimately the control of a NZEH and the integra-
tion of feedback loops will be key to the successful implementation of this concept.  An Ad-
vanced Controls System for Net Zero Energy Homes (AFCS-NZEH) will have two major com-
ponents: (1) an automatic control system that minimizes energy consumption based on inputs by 
the owner to the controller, and (2) a real-time feedback system that provides the homeowner 
with information on energy generation, consumption, and costs, and allows the NZEH owner to 
change strategies based on their response to the feedback.   
 The automatic control system will be connected, either via hard-wiring or wireless connec-
tion, to the major energy consuming devices in the home: air-conditioning, hot water heater, re-
frigerator, range, clothes dryer, lighting system, and plug loads.  It will also be connected to the 
renewable energy system powering the home to optimize its performance based on conditions.  
For example it could be used to help a photovoltaic (PV) system track the sun to maximize elec-
tricity production and could provide information about the performance of the system to indi-
cate any unexpected degradation of performance.  The control system would similarly monitor 
all major appliances to assess their performance and indicate when performance is degraded.  
For an air-conditioning system this could occur due to dirty filters, leaking coolant, corroded 
and condenser or evaporator coils.  The control system could, for example, close windows or 
indicate windows are open when the air-conditioning system is operating.  It could also indicate 
when outside conditions are such that leaving the windows open during cooler periods would 
minimize energy consumption. Indoor air quality (IAQ) will be also be monitored with ventila-
tion air controlled via the automatic control system. 
 The feedback component of the AFCS-NZEH will provide the owner with real-time informa-
tion about the energy performance of the home including instantaneous power consumption, 
daily energy consumption and costs, monthly and billing period energy consumption and costs, 
renewable energy generation and energy value, and net energy for the month and billing period.  
It could also provide other information such as trends in consumption, energy generation, net 
energy, and performance of major systems.  As important, the feedback system would allow the 
owner to alter the current strategy of the home by changing setpoints and schedules and provid-
ing them the opportunity to change their behavior.  For example, if energy consumption was 
trending to exceed energy production, the owner could raise the setpoint of the air-conditioning 
system from 24oC to26oC.  The owner could opt to hang clothes out to dry instead of using elec-
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trical energy for this purpose or they could opt to purchase a clothes dryer that relies on much 
higher spin rates to remove moisture from clothes.  They would be informed that perhaps plug –
loads are trending high and also be informed of the levels of so-called vampire loads.  Vampire 
loads are energy consumption caused by computers, printers, chargers for cell phones, ipods, 
home video games, microwaves, laptops, and high definition televisions, the sum of which can 
add 10% to 20% to the energy consumption of an average home.  By using smart switches con-
nected to the feedback component that turns off devices that cause vampire loads, significant 
reductions in energy consumption can be experienced. 
6 CASE STUDY FOR NZE CONCEPT: TURKEY LAKE SERVICE PLAZA, FLORIDA 
TURNPIKE, FLORIDA 
A study of the application of solar PV power to the Turkey Lake Service Plaza in Ocoee, Flori-
da, near Orlando, Florida, was accomplished through the extensive research into solar technolo-
gies, PV system design criteria, and energy simulations. Numerous solar technologies, as well 
as their mounting systems and interconnections, were analyzed based on their efficiencies and 
potential areas of application. Different areas of the Turkey Lake Service Plaza required differ-
ent technologies depending upon on the requirements for that specific area.  The flat open areas 
to the north and south ends of the site, for example, are ideal for a fixed ground mounted crys-
talline PV system, while the building roofs require a thin film or self-ballasting system in order 
to retain roof warranties on newly replaced roofs. The noise walls provided unique design chal-
lenges pertaining to mounting, shading, and heavy wind loading.   
6.1 PV System Design Criteria 
The unique challenges facing this study were met primarily through the use of three dimensional 
modeling via Autodesk’s Revit software.  The entire Turkey Lake Service Plaza was modeled 
along with several of the best performing PV mounting systems (see Figure 7.).   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Autodesk Revit model of the Turkey Lake Service Plaza 
 
A generic panel size of 82 mm x 157 mm was used for all simulations.  Shading simulations 
used the Plaza’s coordinates of -81.5o West Longitude and 28.5o North Latitude for all sun stu-
dies to determine the optimum locations for PV systems and the adequate spacing required for 
each system between the hours of 10:00am to 4:00pm (see Figure 8.).   
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Figure 8. Annual solar path diagrams indicate the sun’s position over the Turkey Lake Service Plaza at 
10:00am 
6.2 PV Power Simulations 
Energy power simulations were created and analyzed using the SunPower SPR-315 panel.  The 
SPR-315 was evaluated in PV-DesignPro (see Figure 9.) to determine the optimum degree tilt 
that would produce the maximum power output.  Through this process it was determined that a 
27 degree tilt from horizontal (very close to the 28 degree latitudinal position) would be the 
most productive angle for the Turkey Lake Service Plaza .   
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. Energy simulation software PV-DesignPro v6.0 
6.3 Solar Energy Potential for a Service Plaza 
In assessing the FTE facilities, there were several buildings for servicing the Turnpike custom-
ers including shops, restaurants, and a service station that were not part of this study.  The prop-
erty that was assessed consisted of: 
• FTE Headquarters – 1 590 m2 of Panel Area  
• Operations building – 370 m2 of Panel Area  
• Florida Highway Patrol building – 400 m2 of Panel Area  
• Trades building/associated maintenance yard – 270 m2 of Panel Area 
• Open Areas 14 200 m2 of Panel Area 
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• North/South Retention Ponds – 8 500 m2 of Panel Area 
• Noise Walls – 12 700 m2 of Panel Area 
The analysis of technologies and the system design for Turkey Lake Plaza was based on three 
scenarios and eight phases.  The eight phases of the project corresponded to the various areas 
that had the potential for installation of PV panels.  The following are the eight phases that were 
examined for their installation potential together with the PV technologies that were examined 
for their feasibility and other technical areas of examination (see Table 3.). 
 
Table 3.  Eight phases for the Turkey Lake Service Plaza 
Phase PV Systems Other 
1.  Open Areas Thin film, crystalline, organic PV Tracking options
2.  Building Roofs Thin film, crystalline, organic PV Tracking options
3.  Employee Parking Thin film, crystalline, organic PV, EV charging 
stations 
None 
4.  Visitor Parking Thin film, crystalline, organic PV, EV charging 
stations 
None 
5.  Truck Parking Thin film, crystalline None 
6. Noise Walls Thin film, crystalline Tracking/Mounting
7.  Retention Ponds Thin film, crystalline, organic PV Floating/Fixed 
8.  Education and Marketing All Displays, solar 
walk 
 
The layout of the Turkey Lake Service Plaza is shown in Figure 10.  It is located between the 
northbound and southbound two lane roads that comprise the Turnpike in this area.  The site is 
largley paved and has several large structures.   There are two major grassy areas on the north 
and south sides of the road and two retention ponds, one on the north and one on the south 
section of the Plaza.  Figure 11. depicts the proposed installation method for PV panels in the 
open areas, namely rail mounted thick film panels at optimum azimuth and elevation.  Figure 
12. Depicts an array of PV panels on an elevated struture above the employee parking area 
between the two major buildings on the north of the siteand Figure 13. provides a closer view of 
the mounting system which is a lightweight structure supporting the panlels about 4 meters over 
the parking areas.  The roadways running on either side of the Plaza have noise walls that serve 
as barriers to prevent noise from affecting neighborhoods on either side of the Turnpike.  These 
walls provide the potential opportunity for serving as a mounting surface for PV panels and 
Figures 14., 15., and 16. provide several alternative mounting approaches.  Figure 17. shows an 
approach where thin film panels could be mounted vertically on the noise walls.  Even the 
retention ponds provide a potential area for mounting solar PV panels and a pontoon system to 
accomplish this is depicted in Figure 18. 
Table 4. below is a summary of the various scenarios examined for each of the seven major 
Phases for this project.  In Phase 1., for example, which addresses the open, grassy areas of the 
Plaza, six potential scenarios were examined.  These included crystalline and thin film panels, 
with and without tracking, as well as concentrating systems.  The selection of an option was 
based on a combination of two factors: power output and cost per Kwh of generated electricity.  
For example, for Phase 1, Option E, Enclosed/Mounted Thin Film, is the least cost option but 
produces a little more than half of the energy output of Option A, Rail Mounted Crystalline 
panels and Option B, Passive Tracking Crystalline. As a result it was recommended that Option 
A or B be selected rather than Option E for Phase 1. 
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SUMMARY OF SCENARIOS
Scenario $/kWh System Cost
A: Rail Mounted Crystalline 1.97 MW 3,221,000 kWh 0.18$  9,835,000.00$     
B: Passive Tracking Crystalline 1.97 MW 3,804,000 kWh 0.15$  9,835,000.00$     
C: Single‐Axis Tracking Crystalline 1.97 MW 3,804,421 kWh 0.16$  10,818,500.00$   
D: Dual‐Axis Tracking Crystalline 1.97 MW 4,142,664 kWh 0.16$  11,802,000.00$   
E: Enclosed/Mounted Thin Film 1.07 MW 1,744,151 kWh 0.14$  4,260,000.00$     
F: Concentrating PV 1.81 MW 2,960,962 kWh 0.25$  12,656,000.00$   
A: Solyndra 0.21 MW 350,468 kWh 0.14$  856,000.00$        
B: Flat Thin Film 0.20 MW 291,855 kWh 0.12$  585,000.00$        
C: SunPower 0.45 MW 732,052 kWh 0.14$  1,788,000.00$     
A: Crystalline Engineered Structure 1.34 MW 2,199,431 kWh 0.21$  8,058,000.00$     
B: Thin Film Engineered Structure 0.73 MW 1,192,246 kWh 0.18$  3,640,000.00$     
C: Envision Solar Grove 1.65 MW 2,700,567 kWh 0.21$  9,894,000.00$     
A: Crystalline Engineered Structure 0.75 MW 1,225,000 kWh 0.21$  4,488,000.00$     
B: Thin Film Engineered Structure 0.41 MW 663,269 kWh 0.18$  2,025,000.00$     
C: Envision Solar Grove 0.92 MW 1,503,409 kWh 0.21$  5,508,000.00$     
A: Crystalline Engineered Structure 0.51 MW 838,502 kWh 0.21$  3,072,000.00$     
B: Thin Film Engineered Structure 0.28 MW 455,281 kWh 0.18$  1,390,000.00$     
C: Envision Solar Grove 0.63 MW 1,030,113 kWh 0.21$  3,774,000.00$     
A: Dual‐Vertical Row Crystalline 1.43 MW 2,214,674 kWh 0.21$  7,881,500.00$     
B: Dual‐Horizontal Row Crystalline 0.82 MW 1,265,749 kWh 0.21$  4,504,500.00$     
C: Two Rows of Vertical Crystalline 1.43 MW 2,214,674 kWh 0.21$  7,881,500.00$     
D: Two Rows of Horizontal Crystalline 0.82 MW 1,265,749 kWh 0.21$  4,504,500.00$     
E: Two Rows of Vertical Crystalline ‐ South 0.82 MW 1,341,276 kWh 0.19$  4,504,500.00$     
F: Top Mounted Crystalline 0.68 MW 1,054,018 kWh 0.21$  3,751,000.00$     
G: Flush Thin Film 0.95 MW 1,468,207 kWh 0.17$  4,275,000.00$     
A: Floating Crystalline 1.18 MW 1,927,573 kWh 0.23$  7,650,500.00$     
B: Mounted Crystalline 1.18 MW 1,927,573 kWh 0.23$  7,650,500.00$     
Notes:
Summary uses the mean performance numbers for each scenario.
$/kWh includes gross first cost based on the cost/Watt installed with a production life of 20 years.
PHASE 4 ‐ Visitor Parking
PHASE 5 ‐ Truck Parking
PHASE 6 ‐ Noise Walls
PHASE 7 ‐ Retention Ponds
MW kWh/yr
PHASE 1 ‐ Open Areas
PHASE 2 ‐ Roof Mounted
PHASE 3 ‐ Employee Parking
Table 4.  Summary of each scenario by phase       
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8 CASE 2: MAXIMUM ENERGY 
The goal of this case (see Table 6.) is to demonstrate the maximum solar potential of a service 
plaza and to use virtually all the available surfaces on the Turkey Lake Service Plaza for instal-
ling PV panels.  The maximum energy production equates to 9.15 MW, which may vary slightly 
depending on the weather conditions and efficiencies of the PV panels.  This is achieved by se-
lecting the best performing technologies while utilizing 100% of the areas allotted in each 
Phase.  The scenarios used below are the maximum values derived from the base case design al-
ternatives for all Phases. 
 
Table 6.  Case 2: Maximum Energy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For each of these two cases, there is an infinite number of options depending upon the PV 
technologies selected and the percentage of their implementation.  These options only represent 
the most economical and not necessarily the most appropriate selections.  Infrastructure issues, 
such as mounting systems and electrical connections, should also be considered to determine the 
feasibility of the selected installation.  The energy consumption profiles presented here for the 
Turkey Lake Service Plaza clearly demonstrate the potential for creating a Net Zero Service 
Plaza. 
9 SUMMARY AND CONCLUSIONS 
Strategies and technologies to create NZE buildings is a response to rapidly rising energy prices, 
overdependence on foreign energy sources, and the imperative to take action regarding climate 
change.  National, state, and local jurisdictions throughout the U.S. are embracing the NZE ap-
proach as one that can successfully address these challenges and provide building owners with a 
degree of control and energy independence.  The development of several technologies that are 
critical to the support of NZE buildings is rapidly advancing, namely in the area of PV panel ef-
ficiency, appliance efficiency, feedback and control systems, and increased lighting and ap-
pliance efficiency.  The NZE concept can be applied not only to individual buildings but also to 
groups of buildings served by a renewable energy system. One limitation of the NZE concept 
that it is very difficult to apply to a single story building and virtually impossible to a multi-
story building, unless substantial site area is available for PV systems. In spite of the difficulties 
in implementation, it appears that NZE marks a major shift in high-performance green build-
ings, one that combines extreme energy conservation and efficiency with renewable energy sys-
tems to produce buildings that are energy self-sufficient. 
 
1 Open Area System D. Dual‐Axis Tracking Crystalline 100% 2.55 15,282,000.00$      5,364,191
2 Building Roofs C. SunPower 100% 0.47 1,864,000.00$        763,168
3 Employee Parking A. Crystalline Engineered Structure 100% 1.34 8,058,000.00$        2,199,431
4 Visitor Parking A. Crystalline Engineered Structure 100% 0.75 4,488,000.00$        1,225,000
5 Truck Parking A. Crystalline Engineered Structure 100% 0.66 3,984,000.00$        1,087,433
6 Noise Walls A. Dual‐Vertical Row Crystalline PV 100% 1.86 10,208,000.00$      2,868,413
7 Retention Ponds A. Floating Crystalline 100% 1.53 9,912,500.00$        2,497,493
8 Education/Marketing
Total 9.15 53,796,500$            16,005,129
Average $/Watt 5.88$                       
Phase System Cost
System 
Size (MW)
ScenarioDescription
Percentage of 
Scenario
Production 
(kWh)
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 1 INTRODUCTION 
Green building practices have become increasingly commonplace over the past decade, 
in part due to the introduction and widespread use of green building rating systems. 
While an important initial step, simply producing buildings that are incrementally better 
than current practice will prove insufficient to meet the requirements of a built 
environment that can support sustainable patterns of living. Within the context of 
climate change and rapid urban development, greater performance leaps will be 
necessary and at a faster rate. This will challenge many existing norms and expectations 
and, in particular, redefine how we conceive the design, construction and operation of 
buildings.  
Whereas the current focus is on "green" design - reducing or mitigating the 
environmental consequences of buildings - the future concerns will embrace mitigation, 
adaptation to the new conditions and restoring previous adversely impacted regions and 
human settlements. “Regenerative” design is emerging as perhaps the most 
comprehensive basis for rethinking the role of building as a catalyst that positively 
supports the co-evolution of human and natural systems. Moreover, its proponents argue 
that it is an approach which bridges physical and functional, emotional and spiritual 
attributes and set the relationship between humans and nature from a co-evolutionary 
perspective than a managerial one. 
This paper explores the changing context, expectations and priorities that directly and 
indirectly affect building environmental progress and looks beyond current ideas of 
green building to the emerging notion of regenerative design. The primary objective of 
the paper is to explore how the dictates of Regenerative design can constructively 
reframe performance assessment tools. 
2 GREEN DESIGN 
Green building design is widely understood as the creation of buildings that are less re-
Beyond Green: Changing Context - Changing Expectations 
Raymond J. Cole 
University of British Columbia, Canada 
ABSTRACT: This paper explores the changing context, expectations and priorities that directly 
and indirectly affect building environmental progress Whereas the current focus is on 
"green" design - reducing or mitigating the environmental consequences of buildings - 
the future concerns will embrace mitigation, adaptation to the new conditions and re-
storing previous adversely impacted regions and human settlements.  The paper looks be-
yond current ideas of green building to the emerging notion of Regenerative design. The pri-
mary objective of the paper is to identify which dictates of Regenerative design could 
constructively reframe performance assessment tools. 
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 source intensive, place less load on natural systems and offer higher indoor environ-
mental quality than conventional buildings. The focus of green building design is envi-
ronmental mitigation – doing less environmental harm than conventional buildings. In-
creasingly, performance aspirations such as “Net-zero” energy, Carbon “neutral” and 
“One-Planet Living” are presented as embodying a situation whereby human activity – 
including building – must respect and live within the planet’s biophysical limits.  
2.1 Green Building Performance Assessment 
Building environmental assessment methods have played a significant role in main-
streaming green building and the major systems have been increasingly widely adopted 
by institutions and authorities as a required standard. Their increasing momentum sug-
gests that it will continue to fulfill this role of raising performance expectations. 
LEED®, for example, was conceived to represent leading edge environmental perform-
ance and has become a prominent “brand” for green building practice in North America 
and increasingly worldwide. Although numerous changes and refinements have been 
made since Version-1 was first introduced in 1996, and will continue to be made, the 
success of the LEED® brand is also constrained on its continued development.  The fun-
damental structure of LEED® – the five major categories and constituent performance 
requirements – are now difficult for the US Green Building Council to change or for it 
to be easily reframed to reflect emerging ideas of the relationship between human and 
natural systems. All modifications or enhancements must be add-ons rather than funda-
mental changes. Given this “lock-in” situation, other complementary tools are necessary 
to bring fresh, innovative and more comprehensive ideas to improving building design 
and construction practices. 
The Living Building Challenge (LBC), launched in August 2006, is emerging in 
North America as a recognised demanding and complementary performance aspiration 
to LEED®. Despite requiring all sixteen demanding performance requirements – includ-
ing net zero energy – to be met before the designation of Living Building is granted, it 
is also quite similar to LEED® in many regards. Although a key initial concept within 
the LBC was that buildings should strive for greater self-sufficiency and security, the 
latest version “inserted the concept of Scale-Jumping to allow multiple buildings or pro-
jects to operate in a symbiotic state – sharing green infrastructure as appropriate and al-
lowing for Living Building status to be achieved as elegantly and efficiently as possi-
ble.” The notion of “inserted” is indicative of the need to expand and refine the 
requirements not envisaged in the initial conception. Moreover, while it references natu-
ral systems and uses a flower/petals metaphor, there is no recognizable organization of 
the issues based on ecological or systems theory.  Similar to LEED® and the majority of 
other current assessment methods, the structure is simply a list of required performance 
requirements set within a defined set of categories.  
3 SUSTAINABILITY 
3.1 Sustainable Building 
Green building design typically covers “environmental” performance issues and human 
comfort and health requirements. The notion of “sustainable building” is increasing 
used in place of, or interchangeably with “green building” as a means of acknowledging 
social and economic issues. However, whereas it is possible to meaningfully describe 
environmental issues at the level of an individual building, this becomes more problem-
atic for the social and economic dimensions of sustainability.  
3.2 Sustainability Assessment 
A number of assessment tools have been introduced that expand on the range of per-
formance issues to explicitly include social and economic criteria and thereby attempt to 
provide a measure of “sustainable” performance. The inclusion of these requirements 
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 are incorporated in a variety of ways but none have been explicitly directed at regenera-
tive design or informed by natural systems and processes and their integration with so-
cial and cultural requirements. 
4 REGENERATIVE DESIGN 
The term “regenerative” references the self-organizing and self-healing capabilities of 
living systems and implies their functioning and renewal. Regenerative design draws on 
these capabilities, along with the natural and cultural characteristics of ‘place,’ as driv-
ers of design. Whereas green building design has focused on improving the environ-
mental performance of individual buildings, regenerative design is equally attentive the 
consequences of the relationship between the building and its community context.  
In contrast to green design that typically addresses discrete performance features, Re-
generative Design embraces systems thinking - emphasizing wholes over parts and 
process over structure. Buildings are not considered as individual objects, but rather are 
designed as parts of larger systems allowing complex and mutually beneficial interac-
tions between the built environment, the living world, and human inhabitants. A sys-
tems approach applies equally to the various systems and components that comprise 
buildings and seeks positive synergies between them as a means of attaining an opti-
mised system. This ensures that a constantly dynamic and responsive built environment 
evolves over time. These are not the underpinnings of currently green building envi-
ronmental assessment tools, nor are they easily superimposed upon them.  
Eisenberg and Reed (2003), Reed (2006 & 2007) and the Regenesis Group1 identify a 
number of key attributes of Regenerative design that include:  
•  It sits within the emerging notion of the built environment as a socio-ecological sys-
tem – seeking the positive co-evolution of natural and human systems. 
•  It regards the self-organizing and self healing properties of living systems together with 
the natural and cultural characteristics of ‘place’ as the drivers of design. 
•  It unites functional, emotional and spiritual attributes of both nature and human systems 
as they relate to place. 
•  It employs a process-oriented systems thinking approach. The basis is derived from 
natural systems with a closed loop input-output model or a model in which the output 
is greater than the input. 
•  It concerns an understanding of a system by examining the linkages and interactions 
between the elements that compose the entirety of the system. 
 
Whereas green building design has focused on improving the environmental per-
formance of individual buildings, regenerative design is equally attentive the conse-
quences of the relationship between the building and its community context and, impor-
tantly, a participatory approach in design that creates and maintains a positive 
relationship in a community through their engagement in the development process. 
Pedersen Zari and Jenkin (2008) identify a number of social benefits of a more partici-
patory approach, including:  
•  An improved correlation between user needs or aspirations and design outcomes.  
•  The creation of stronger, healthier, more equitable communities and an enhanced 
sense of community. 
•  Enhanced democratic processes. 
•  An enhanced sense of physical and psychological health and well-being. 
                                                      
1www.regenesisgroup.com 
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 •  An increased sense of ownership and belonging to the project. 
•  An emphasis on understanding local traditions and indigenous knowledge, which can 
create and preserve cultural identity. 
4.1 Systems Approach 
In contrast to green design that evaluates discrete performance features, Regenerative 
Design embraces systems thinking - emphasizing wholes over parts, relationships over 
things and process over structure. A systems-based approach is crucial.  Buildings are 
not considered as individual objects, but rather are designed as parts of larger systems 
allowing complex and mutually beneficial interactions between the built environment, 
the living world, and human inhabitants (Pedersen Zari and Jenkin, 2008).  
A systems approach applies equally to the various systems and components that 
comprise buildings and seeks positive synergies between them. This ensures that a con-
stantly dynamic and responsive built environment evolves over time. These are not the 
underpinnings of currently green building environmental assessment tools, nor are they 
easily superimposed upon them. Indeed within a system-based approach, design must 
not be constrained by are essentially the “artificial” legal bounds of site, but rather must 
work in the larger ecological system, both naturally and constructed. 
5 FROM GREEN TO REGENERATIVE 
Settlement patterns and building practices together with other human activity have sig-
nificantly altered and, in the majority of cases, degraded preexisting natural ecosystems. 
Restoration, as a necessary precursor to Regenerative Design, attempts to repair or re-
turn a degraded site condition back to something resembling its previous biological 
health, such as Brownfield restoration and the “Daylighting” of streams. In contrast to 
the idea of restorative design, regenerative design refers to the emerging notion that the 
act of building design not only restores a preexisting degraded condition, but can act as 
a catalyst for subsequent self-improvement. 
Van der Ryn (2005) and Reed (2006) each present models illustrating an evolutionary 
spiral that moves from current building design, through sustainable design and restora-
tive design, toward a regenerative condition. Van der Ryn (2005) presents a spiral that 
begins with standard practice opens and expands through “Green” design, “Restorative 
design” and finally “Regenerative” Design. Reed (2006) describes this process as one 
that also evolves in a gradual unfolding or emergence as the field changes and as our 
knowledge of whole systems matures. However, a key difference between the models 
presented by Van der Ryn and Reed is that the former suggests a continuing evolution 
from green to sustainable whereas the latter explicitly acknowledges the need for a fun-
damental mental shift from a reductive, technical solution-based approach evident in 
current green building practice to one based on a holistic, living systems thinking.  
6 CONCLUSIONS 
Green building assessment tools have been enormously effective in providing both a 
guide and measure of the ways and extent that buildings can be less resource intensive 
and place less burden on natural systems. This is a critical and necessary step, but one 
that must be viewed as precursor to rethinking the role of buildings rather than a final 
goal. This paper has explored the transition from green design and assessment to the re-
framing of building environmental performance within the context of “Regenerative” 
design.  
Regenerative design is emerging as perhaps the most comprehensive basis for re-
thinking the role of building and development as a catalyst that positively supports the 
co-evolution of human and natural systems. However, while the scope and emphasis 
Regenerative design as well as its key attributes and dictates can be readily understood, 
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 its widespread adoption will require supporting tools to assist design professionals in 
making the transition from current green practice. 
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1 CLIMATE CHANGE AND ITS PROBABLE EFFECTS 
The anthropogenic driver of climate change is the increasing concentration of greenhouse gases 
(GHG) in the atmosphere, chiefly CO2. The World Resources Institute (WRI) estimates that 
buildings are directly responsible for 15.3% of global GHG emissions. To this should be added 
a share of industrial emissions (for materials) and for road transport.  A very conservative esti-
mate of building-related GHG share would therefore be in the range of 20% to 25%, and this 
would be higher in developed countries.  It is therefore clear that a strategy for the diminution of 
GHGs will have to include the building sector as a main target. 
One of the most sobering aspects of the work done by the IPCC is their exposition of the time 
scales involved.  IPCC demonstrates that CO2 emissions today have a positive feedback on 
global mean temperature that lasts for over one hundred years, and the resulting sea level rise 
due to thermal expansion lasts well over a thousand years.  Even if action to reduce greenhouse 
gases is immediate, the effects of current emissions are still to come. Action is therefore needed, 
but in addition to the difficulty of obtaining political action, the slow rate of change in the build-
ing sector creates a special problem. 
Dealing with climate change and resource depletion in Europe 
Nils K. Larsson 
Executive Director, International Initiative for a Sustainable Built Environment 
 
ABSTRACT: An outline of the current issues facing western countries and Europe in particular 
is presented, including climate change effects, resource depletion and the current major reces-
sion.  Major actions required are described, but it is apparent that resolute measures will not be 
implemented at the international level. However, significant steps are being taken in Europe and 
in some selected European countries. 
Chapter 1: Keynote Lectures
29
  
Table 1: Predicted climate change impacts: from IPCC 2007. 
Global effects Likelihood of future 
trends Examples of major projected impacts 
Warmer and fewer cold 
days and nights over most 
land areas. 
Warmer and more fre-
quent hot days and nights 
over most land areas. 
Virtually certain 
(99% probability) 
Reduced energy demand for heating: in-
creased demand for cooling; declining air 
quality in cities. 
Warm spells / heat wave 
frequency increases over 
most areas. 
Very likely 
(90% probability) 
Reduction on quality of life for those people 
in warm areas without appropriate housing; 
impacts on the elderly, very young and poor. 
Area affected by droughts 
increases. Likely 
Water shortages; reduced hydro generation; 
potential for population migration. 
Heavy precipitation 
events. Frequency (or pro-
portion of rainfall from 
heavy falls) increases over 
most areas. 
Very likely 
(90% probability) 
Disruption of settlements, transport and so-
cieties due to flooding; pressures on urban 
and rural infrastructure; loss of property. 
Intense tropical cyclone 
activity increases. Likely 
Disruption by flood and high winds; loss of 
insurance; population migration; loss of 
property. 
Increased incidence of ex-
treme high sea level (ex-
cludes tsunamis). 
Likely (long term) 
Costs of coastal protection v. Relocation; 
loss of insurance; population migration; loss 
of property. 
 
IPCC predicts that temperature increases will be most pronounced towards the end of the cen-
tury, with the Northern Hemisphere the most exposed.  Another major impact will be changes in 
precipitation patterns, with mid-latitude regions, up to and including southern Europe suffering 
10% to 20% reductions in annual precipitation.  River flooding is likely to be a more immediate 
problem, as some rivers and surrounding terrain will be unable to cope with heavy rain events. 
A considerable number of papers produced by IPCC and others have outlined the science be-
hind climate change predictions, possible impacts, mitigation measures and potential adaptation 
measures.  In this short paper, we attempt only to identify some of the key links between climate 
change and the building sector, followed by an overview of actions being taken in Europe.  
Resource depletion and scarcity  
Climate change impacts are not the only challenges that will be faced by the building industry 
during the next century.  
There is a great deal of uncertainty about when oil and natural gas will run out, but no doubt 
at all that these two fuels will become increasingly expensive and scarce during the 21st Cen-
tury, according to ASPO, and predictions of declining natural gas output made in Canada's En-
ergy Outlook: the Reference Case 2006, Natural Resources Canada. As these are the only fossil 
fuels that can be used at a significant scale to heat buildings, this means that buildings designed 
today will almost certainly have to be retrofitted for some other form of energy source during its 
lifetime. Hopefully, affordable renewable energy technologies will emerge in time, but given 
humanity's tendency to avoid unpalatable facts, it seems more likely that there will be demand 
to use electric power for heating as well as cooling, generated by coal or nuclear. This is not a 
very good or logical prospect. 
Fuel costs and possible shortages will also create problems for automobile owners, especially 
for those large segments of North American society who have houses in outer suburbs and have 
one car per adult occupant.  There may be respites in cost hikes in the form of greatly increased 
fuel efficiencies or car sharing, but no general solution save that of increasing densities in such 
areas to a point where public transport becomes economical, something that would take dec-
ades. 
Another factor to be considered is the increasing prices for certain building materials, such as 
cement, steel, copper and nickel.  Some of the increase is due to temporary shortages caused by 
the huge demand for cement to satisfy the extremely rapid growth of China and India, but there 
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are also some longer-term difficulties in increasing the supply of certain materials because of 
increased difficulty in accessing the remaining resources. No doubt suitable alternatives will be 
developed, but this will take time. 
Leaving aside the effects that climate change will have on precipitation, there is the question 
of diminution of non-renewable water resources in aquifers, lakes or river systems, all diminish-
ing from the pressures of increasing per-capita consumption and, in some cases, increasing total 
population. 
The problem for the building industry is that all of the climate change impacts and the other 
trends and effects described above will be playing out at the same time, although the relative 
importance of trends will vary according to location.  For example, developers in southern Spain 
may be hard-pressed to obtain development permits in the future, as sources of potable water 
diminish still further, while designers in northern Europe may be finding ways of coping with 
excess precipitation. 
In all of these regions, government and industry leaders will have to deal with these region-
specific issues while simultaneously coping with the more general effects of climate change that 
will slowly emerge, but will accelerate during the last half of this century. 
We may retain a sense of optimism, by assuming that we will learn how to cope with climate 
change impacts and resource deficiencies and that building costs, after rising to deal with these 
problems, will again stabilize as new efficiencies bear fruit.  But it seems clear that even ad-
vanced countries will pass through a period of difficult adjustments to changed circumstances. 
1.1 The Great Recession  
We have sketched the outlines of the two very large problems of climate change and resource 
depletion and their effect on urban life and the building sector.  A third element, the current ma-
jor recession, is much more transitory in its effect, but does provide some interesting opportuni-
ties for action.  The slowdown in world-wide production of construction and consumer goods 
has provided a lull in the generation of GHG emissions and depletion of materials, and has also 
given us an opportunity to correct some structural deficiencies on the economy and the building 
sector before the economy again gathers momentum. 
1.2 What needs to be done? 
The obvious and over-riding priority has to be a rapid and deep reduction in GHG emissions 
throughout the West, to set an example that may influence RDC countries to join in the action.  
This can be achieved by a combination of fiscal and regulatory measures. 
It is also clear that the excessive rate of consumption in western countries is part of a rebound 
effect that obviates the energy efficiency gains made in many building-related technologies.  
Therefore, swift action has to be taken to discourage new construction and to focus instead on 
renovation and infill in existing neighborhoods.  This can best be done through the following 
measures: 
• Imposition of carbon taxes or a more specific form of tax aimed at new construction; 
• Requirements for deep reductions on operating phase GHG emissions for new buildings, 
to zero or close to it; 
• Tax relief on infill construction and on renovation activities in existing neighborhoods; 
These basic and structural steps must be accompanied by action to stop new construction in 
areas of scarce water resources or sensitive ecological conditions, and to ensure also that new 
construction, where it occurs, is of sufficiently high density to warrant the use of land for this 
purpose.  The best approach will be to focus on a triage approach within existing neighborhoods 
as shown in Fig. 2. 
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Figure 1: Triage of existing neighborhoods and building stock 
 
The high design and construction quality levels needed for high performance will require the 
launching of massive renovation programs to reach the very high performance levels needed, 
and to launch complementary training programs to build up the required analytic and construc-
tion skills.  This would be one of the best ways to re-start crippled economies, but does not 
seem to have yet captured the imagination of most policy-makers.  
2 ACTION TO MITIGATE CLIMATE CHANGE  
The area of mitigation is the subject of much public debate, goal-setting by IPCC and many na-
tional governments, but very little immediate action, except in Europe.  Action related to adap-
tation and remediation is now beginning to be established as a parallel long-term activity in a 
few countries as climate-change science has become more generally accepted.   
In the area of mitigation of GHG emissions, current government plans are crafted at the level 
of national policy and seldom deal with specific initiatives or economic sectors.  This is under-
standable, but it does leave a hole in our understanding of how individual organizations might 
act to reduce emissions.  Further, given the slow pace of governmental action in the mitigation 
arena, it is virtually certain that there will be no reduction in the global emissions of greenhouse 
gases at the pace and scale required to minimize climate change impacts, and it is even very 
unlikely that rate of growth in global GHG emissions will be reduced over the next decade. This 
should be considered in the context of targets established in the EU of limiting global tempera-
ture increases to 2 deg.C, which implies a GHG limit of 450 ppm, cuts of 40% in emissions by 
2020, and 80% by 2050.  
While many governments and non-governmental organizations have developed plans to ad-
dress climate mitigation or adaptation, these activities have been formulated within the bounds 
of currently acceptable social, political or economic boundaries, which greatly limits the inten-
sity of these efforts.  The breadth and complexity of the problem, which requires a restructuring 
of many aspects of modern industrial economies, is certainly one impediment to more resolute 
action in developed western countries.   
In this context, and given the major role of the building sector in energy consumption, emis-
sions and the use of resources, it is surprising and disconcerting to see that the building sector 
was not a topic of major discussion at the recent COP 15 meeting in Copenhagen.  Clearly, it 
will be regions and individual countries that will have to lead the way over the next several 
years. 
2.1 Mitigation action within the EU 
The European Union has been one of the few regions that show a willingness to take action in a 
comprehensive way. 
In 2006, the EU's climate and energy policy established the following targets for 2020 for all 
sectors, including construction: 
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• Cutting greenhouse gases by at least 20% of 1990 levels; 
• Increasing use of renewables (wind, solar, biomass, etc) to 20% of total energy produc-
tion (currently ± 8.5%); 
• Cutting energy consumption by 20% of projected 2020 levels. 
It is important to note that these targets are for EU-wide results.  This means that results may 
vary considerably within specific member States.  Nevertheless, the overall savings are pro-
jected to be considerable, as shown in Figure 3: 
 
Table2:  Estimates for full energy saving potential in end-use sectors  
(from EU-25 baseline scenario and Wuppertal Institute, 2005) 
Sector Energy consump-tion (Mtoe) 2005 
Energy consump-
tion (Mtoe) 2020 
(BAU) 
Energy saving 
potential 2020 
(Mtoe) 
Full energy sav-
ing potential 
2020 (%) 
Households (resi-
dential) 280 338 91 27% 
Commercial build-
ings (tertiary) 157 211 63 30% 
 
The EU already implemented the Energy Performance in Buildings Directive (EPBD) in 
2002, and it came into effect at the beginning of 2006.  As with all EU Directives, EU countries 
must implement the intent of the Directive, but can do so in ways that reflect different national 
conditions.  In addition, most countries obtained a three-year delay in their implementation 
schedule.  According to Ticau (2009), some of the new Member States still face substantial 
problems in implementing EPBD largely due to their legacy of a highly energy inefficient build-
ing stock, and they also need to devise cost-effective ways of providing incentives to private 
sector owners to upgrade their properties. 
A useful history of EPBD and its recasting process is provided by Dolmans (2009). A short 
summary of the points made includes the following elements: 
• November 2008:  because many members failed to implement EPBD on schedule, the 
EC decided to propose to recast the Directive.  The EC proposed a draft text that in-
cluded solar shading of the envelope for the first time and removed the 1000 m2 area 
threshold.  The EC estimated that the recast EPBD would reduce energy consumption in 
the EU by 5% to 6%. 
• April 2009:  The European Parliament amended the text to include a requirement that all 
new buildings should be net zero beginning in 2019. 
• July 2009:  Sources in Brussels reported that some governments criticized the amend-
ments as going too far. 
• 17 November 2009:  According to Dolmans, … The long-awaited compromise will have 
far reaching effects. First, the 1000 m² threshold for refurbishment is removed so that 
virtually all renovations will be covered ... Second, ‘best rated components’ must be in-
stalled in refurbishment projects. Further, all building codes must include a procedure 
leading to ‘nearly zero energy buildings’ by 2020 (and even 2018 for public buildings), 
while the energy certificates must be displayed in all buildings. 
The commentary on the recasting process goes on to support new requirements for solar 
shading, seen as of increasing importance because of the growing need for avoiding excessive 
solar gain during warm seasons.  
2.2 The Marguerite Fund  
One of the major issues identified earlier is the need to re-start the economy after the recession, 
and to do so in a way that helps in the climate change battle.  According to Europolitics 
(2009)…six of Europe’s leading public financial institutions have launched the pan-European 
‘2020 Marguerite Fund’, with an initial capital of €600 million and intended to finance large 
infrastructure projects…. The Marguerite Fund is a pan-European equity fund, which aims to 
act as a catalyst for infrastructure investments implementing key EU policies in the areas of 
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climate change, energy security, and trans-European networks. The Marguerite Fund is the first 
joint initiative of Europe’s leading public financial institutions. It has received the active sup-
port of the European Commission since it was initiated last year, under the aegis of the Euro-
pean Council, as part of the EU’s economic recovery plan. 
2.3 The Netherlands 
In the Netherlands, there is a long history since the early 1990s of well-coordinated measures to 
promote sustainable building.  These range from the Sustainable Building Plan of 1995, about 
50 demonstration projects, extensive research and tool development and, coming soon, a sub-
sidy on residential high-performance houses, a subsidy for solar energy and green loans that 
have interest reductions of from 1% to 2%. 
2.4 United Kingdom 
The new Climate Change Act in the UK, which is part of the UK Energy Efficiency Action Plan 
2007, obliges the UK to reduce its greenhouse gas emissions by at least 80% below 1990 levels 
by mid-century; 
• The act puts in place a framework through which the long-term target can be achieved, 
and it commits the UK to a series of legally-binding five-year carbon budgets that will 
guide the country toward the long-term goal; 
• The budgets provide a benchmark against which the country’s emissions performance 
can be measured. They help to create regulatory certainty for investors, while maintain-
ing enough flexibility for mid-term corrections; 
• The Carbon Trust proposes to reduce carbon emissions from non-domestic buildings by 
35% by 2020 (The UKGBC has called for a 50% reduction); 
• However, the government has not proposed financial incentives for cutting emissions in 
existing buildings. 
2.5 France 
In France, the Grenelle de l'Environnement (2007) outlines the following plans within an overall 
objective of reducing energy consumption by 38% and GHG by 50% by 2020. 
• From now on (2010) all buildings and public facilities must be constructed according to 
low consumption (50 kWh/m2) or passive or positive energy standards. 
• There is emphasis on the energy-efficient renovation of existing tertiary buildings, with 
all new tertiary buildings to be low-energy by 2012 and energy positive by 2020; 
• All new housing to be passive or energy positive by 2020, and the performance of some 
600,000 social housing units is underway; 
• A large-scale program has been launched for the professional training, recruitment and 
qualification plan for construction professionals, integrating energy-efficiency, reduc-
tion of greenhouse gas emissions, climatic adaptation and indoor environmental quality; 
• The Grenelle plan also calls for the creation of a professional industry sector devoted to 
“building renovators” and multidisciplinary management, capable of providing global 
services to individuals and professional project managers. 
2.6 Germany 
Germany has launched an ambitious program of regulations and incentives to cover new and 
renovated buildings.   As Figure 4 shows, the requirements for heating (the largest load in Ger-
many) have been tightened considerably since 1977, the year that thermal regulations were in-
troduced.  It will be interesting to see if the regulations are soon revised to cover cooling and 
electrical consumption, as these types of loads become more significant. 
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 Figure 2:  Requirements for maximum heating energy in German buildings, 1977 to 2009 (Energy and 
Climate Strategy of Germany, Federal Ministry of Transport, Building and Urban Affairs, 2009 
 
The current programs have resulted in major improvements in the building stock, especially 
in the residential sector that has historically been responsible for a major proportion of energy 
and emissions in the building stock. Figure 5 shows the fact that most attention in Germany is 
focused on existing buildings, which is where most gains can be made. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Overview of energy-efficient refurbished and newly built dwellings from 2001 to 2008,  
by German federal government programs (Energy and Climate Strategy of Germany, Federal Ministry of 
Transport, Building and Urban Affairs, 2009) 
2.7 Europe: conclusions 
It can be seen that meaningful initiatives have been launched in Europe.  At the level of individ-
ual European countries, examples from the Netherlands, UK, France and Germany show that 
significant measures have also been launched there. 
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3 STILL TO BE DONE…  
The current EU Directives cover issues of embodied energy and emissions of products and ma-
terials, through the Eco-Products Directive, and the potential and actual operational energy and 
emissions performance is covered within the EPBD (now the recast EPBD).  This approach, 
however, does neglect the important connection between embodied and operational perform-
ance, which can only be assessed if a life-cycle approach is taken for overall building perform-
ance.  The consequence of such a two-pronged approach is that materials and equipment that 
can greatly reduce operating emissions (e.g. shading devices, insulation) may be penalized from 
an LCA analysis, without obtaining credit for operating efficiency improvements. 
An operational problem inherent in a whole-building LCA approach is that assumptions must 
be made about the service life of buildings, something that is impossible to control at the design 
and construction stage.  However, we are able to predict service life for various building types 
in the aggregate, and that is close enough to the needs to warrant the introduction of whole-
building lifecycle performance regulations. 
The extent to which government regulations and incentive programs are aggressively pursu-
ing performance improvements, and the volume of such work, is of course the key to climate 
change mitigation.  In this regard, the current work being undertaken in France, Germany and 
Netherlands, and the work that is foreseen for the UK, are hopeful signs. 
An issue that does not seem to receive adequate attention in European initiatives, except in 
France, is the need to provide intensive training in analytic or management techniques and con-
struction skills that are required to ensure that we can produce and maintain buildings to the 
very high level of quality that is required for high performance.  A rapid escalation of such pro-
grams would also bring benefits in stimulating economic recovery. 
Finally, there appears to be little concerted (European-wide) action in the area of water con-
servation.  This may be due to respect for the principle of subsidiarity, but it results in national 
governments being too exposed to political pressures within their States. 
4 CONCLUSIONS 
Much is being done, but much more is required if we are to survive the coming combined ef-
fects of climate change and resource depletion that await us in the 21st Century.  The lack of 
resolute action at the international level requires that regions (e.g. EU) and individual countries 
continue to take the lead in showing the way.   
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1 CURRENT THEMES AND TRENDS 
1.1 Strengthening the demand for sustainable properties 
While planners and contractors offered building designs aligned with the principles of sustain-
able development in the form of green buildings or sustainable properties for some time, these 
concepts aroused little interest on the part of investors, property owners and lessees. In the pri-
vate property industry, this resulted in a vicious circle, which has initially hindered demand 
growth and must now be overcome. (Cadmann 2000; RICS 2008). Although the public sector 
would incorporate traditional aspects of environmental protection and health and safety into its 
invitations to tender for construction work and its decision to allocate contracts, there was often 
a lack of solid guidance and assessment benchmarks. This situation has completely changed 
since. 
In many countries, the public sector is trying to play an even stronger leading role in the im-
plementation of sustainable development principles in the construction and property industries, 
including properties for own use. Laws and regulations are being drafted, funding programmes 
are being developed, requirements for spatial development, urban development and individual 
buildings are being integrated into national sustainability strategies, and aspects of sustainability 
are being taken into consideration as part of public procurement, including in the invitation to 
tender for construction work and the allocation of contracts. In the process, the basis for assess-
ing the cost-effectiveness of a package of measures often shifts from assessing investment costs 
to determining and evaluating life cycle costs. 
In connection with a social change in values, the use of sustainable properties is increasingly 
helping to build a positive image. It is a means by which stakeholders can demonstrate their 
heightened awareness of their responsibility to the environment and society (CSR). Planners and 
building contractors as well as investors and companies, whether they own or lease their proper-
ties, are capitalising on this situation and are establishing additional tie-ins with their corporate 
Procuring and Financing Sustainable Buildings 
Thomas Lützkendorf  
KIT – Karlsruhe Institute of Technology - University of the State of Baden-Württemberg and National 
Research Centre of the Helmholtz Association, Germany; iiSBE Germany 
 
ABSTRACT: A contribution to the implementation of principles for sustainable development 
consists in the increased construction and use of energy-saving, resource-efficient, healthy and 
cost-effective buildings that offer high quality in terms of aesthetics and their integration into 
urban planning as well as above-average technical and functional performance. Even though the 
importance of sustainable buildings has been gaining in recognition in recent years (not only to 
environmental protection and health and safety but also to job retention, the further develop-
ment of technologies and the profitability of property companies), a question remains over how 
a wider propagation and increased market transformation can be supported. This paper analyses 
whether and how the instruments of procurement and financing, as well as new products (e.g. 
sustainable property funds), are able to support this development and which prerequisites will 
need to be fulfilled. 
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sustainability reporting framework. Yet, sustainable buildings are also increasingly proving to 
be less risky, more stable in value and quicker and easier to lease and market. They facilitate ac-
cess to land and funding and, in the best case scenario, more favourable financing and insurance 
terms. In this respect, the rise in demand for sustainable properties can, in the case of some 
stakeholders, be increasingly attributed to financial reasons. However, the financial advanta-
geousness of sustainable properties is not always empirically verifiable, but the results of initial 
studies do point in this direction. (Eichholtz et.al. 2009); (Fuerst & McAllister 2009); (Dermisi 
2009) 
Investors (e.g. pension funds) are increasingly interested in sustainable investment opportuni-
ties, or, on the basis of existing rules, are obliged to be and to prove so. For indirect property 
investments, this is leading to demand growth in sustainable property funds. The first providers 
and products can be seen entering the market, with tendency for growth. (Rohde & Lützkendorf 
2009). The development of such products is, in turn, strengthening the demand for sustainable 
buildings in order to launch corresponding fund products and to provide them with the appro-
priate properties. 
1.2 Improved describability and assessability of sustainable properties 
If the market position of sustainable buildings is to be improved, it must first be possible to de-
scribe, assess and illustrate their contribution to sustainable development by means of a 
transparent and recognised procedure. In the last few years, the available systems for assessment 
and certification, including the awarding of labels, have undergone further development. While 
these systems originally concentrated on energy, environment and health, and were focused on 
describing and assessing the fundamental technical components of the building, they have since 
been superseded by a second generation. Through use of environmental accounting and life cy-
cle costing, these systems operate based on the method of life cycle assessment and do not only 
factor in the ecological and social dimensions but also the economic dimension. They are sup-
plemented by assessment results relating to technical and functional quality and are in 
conformity with CEN TC 350 (debate status), currently under development by the European 
Committee for Standardization.  
It is the author's view that the second generation of assessment and certification systems, 
which include the new German Certificate for Sustainable Buildings, will make it easier to esti-
mate future leasability and marketability by detailing technical and functional quality and to 
assess cost-effectiveness by detailing life cycle costs. In this regard, it is now possible to address 
questions over property investment returns directly. 
With the EU's „SuPerBuildings‟ project and the activities of the SB Alliance network, work 
on the further development and completion of an assessment and certification solution for sus-
tainable buildings is also being undertaken at European level. 
1.3 Further development of policy instruments 
„Sustainable construction‟ is one aspect of the Lead Market Initiative (LMI) for Europe. The 
LMI provides a methodology to identify promising emerging markets and to support them 
through a package of coordinated innovation-friendly policy actions that would facilitate growth 
in the demand for innovative goods and services. The action plans deploy a core set of policy 
instruments (legislation, public procurement, standardisation, labelling and certification and 
complementary instruments. Provision is made for the following actions: screening of national 
building regulations, industrial leader panel on cumulative administrative costs/benefits, guid-
ance and pilot schemes on award criterion and LCC use, establish a network between public 
authorities in charge of procuring sustainable construction, framework & assessment method 
and benchmarks for the assessment of sustainability performances, Eurocodes 2nd generation, 
Construction Products Regulation and sustainability requirements, small and medium enter-
prises (SME‟s) guide on collaborative working schemes in construction projects, alternative 
warranty/label schemes related to construction insurance, EU-wide strategy to facilitate the up-
grading of skills and competence in the construction sector. 
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2 PROCURING SUSTAINABLE CONSTRUCTION 
2.1 Green procurement 
Green public procurement (also environmental public procurement, eco-purchasing or green pur-
chasing) is an instrument for leveraging the market power of the public sector as a contracting 
party (consumer) in order to strengthen demand for environmentally friendly (sustainable) goods 
and services. In this context this concerns appropriate planning, construction and management ser-
vices, construction products and buildings. It involves the integration of, for example, the 
requirements of environmental protection, health and safety and resource preservation (sustainabil-
ity) into the processes by which tenders for planning and construction work are invited and 
contracts are awarded. At the same time, these requirements must be precisely formulated in such a 
way that they can be identified and implemented by the tenderer and checked for compliance by 
the contracting party. Attention is drawn to the need for complexity management arising from 
compliance with technical and functional requirements on the one hand, and the ability to assess 
the ecological and economic advantageousness of the solution on the other hand. The handbook on 
environmental public procurement of the EU (Commission 2004a) proposes the following steps: 
 Development of green purchasing strategies 
 Organisation of public procurement 
 Formulation and definition of the requirements of the contract 
 Selection of suppliers, service providers or contractors 
 Awarding the contract 
 Formulation of contract performance clauses. 
 
Special emphasis is placed on the inclusion of the following aspects in the selection of the “eco-
nomically most advantageous tender” (EMAT): quality, price, technical merit, aesthetic and 
functional characteristics, environmental characteristics, running costs, cost-effectiveness, after-
sales service and technical assistance, delivery date and delivery period, and period of comple-
tion.  
For public construction projects, these general steps and recommendations will have to be 
adapted to the particular nature of the invitation to tender and allocation of construction contracts. 
One task that needs to be accomplished is the selection of the appropriate procedure for formulat-
ing requirements of environmental and health and safety protection (sustainability) in the invitation 
to tender. In countries where national assessment and certification systems are available or interna-
tional systems are recognised, the public sector (occasionally also major corporations) is 
increasingly tending to demand fulfilment of a specific quality level defined in the certification 
system (e.g. GOLD or SILVER standard). However, the advantage of having an easily communi-
cable objective and a well publicised illustration of the quality level required is not without its 
disadvantages. Unless the highest quality level is selected (e.g. if SILVER level were specified 
from a rating system offering BRONZE, SILVER and GOLD), it would no longer be automati-
cally guaranteed that the quality level desired by the state would be achieved in all criteria 
(depending on the rating system). In this scenario, it is strongly recommended that, in addition to 
the averaged rating to be achieved, the contracting party should define a set of minimum require-
ments (e.g. for energy efficiency, indoor air quality), secondary requirements (here, a minimum 
standard to be achieved in all criteria before SILVER level can be awarded), and a range of KO 
criteria (noncompliance results in rejection). Moreover, the requirements set forth in a certification 
system generally contain no information or instructions for the appointed building contractor, 
which can prove problematic. 
In addition to, or as an alternative to, formulating building requirements based on one of the 
quality levels defined in an assessment and certification system, requirements for environmental 
and health and safety protection (sustainability) detailed in the invitation to tender for construction 
work can be integrated into the statement of work at work item level. Numerous examples and 
suitable tools already exist, not only in individual countries (e.g. Switzerland, Germany, UK), but 
also at European level. It is possible to develop requirements for both the selection of construction 
products and technologies (environmental protection and health and safety) on the building site 
and for the environmental and social standards to which the building contractor itself must adhere. 
Any detailing of requirements for construction products based on individual work items could in-
clude the following: 
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 Naming of recommendation and rejection criteria 
 Use of positive and negative lists 
 Requirement to use products with eco labels (specifically for product groups) 
 Provision of information (e.g. environmental product declaration - EPD) 
 
Construction projects instigated by the public sector find funding through schemes such as pub-
lic-private partnerships (PPP) or private finance initiatives (PFI). In Germany, some of the 
resulting buildings have already managed to gain recognition for their above-average energy ef-
ficiency and received certification thanks to their contribution to sustainable development. With 
construction projects of this kind, it is recommended that requirements for environmental pro-
tection and health and safety (sustainability) be integrated into the performance-oriented, 
functional invitation to tender explicitly (e.g. energy efficiency, indoor air quality, environ-
mental impact) without specifying the technical solutions by which they should be 
accomplished. This would enable the appointed companies to fully exploit their innovation po-
tential. It is also advisable to implement some form of systematic monitoring (in respect of 
energy consumption and user satisfaction, for example) and reporting to the user of the building. 
Arranging a systematic commissioning of the building and adapting the domestic engineering 
are just as important. 
Green procurement is an influencing factor not only for the public sector, but for investors, 
too. A survey of investors, fund managers and companies that lease their property showed that 
more than 80 % consider sustainability to be relevant and plays a moderate to significant role in 
decisions to purchase or lease properties (with a still increasing tendency). Value is also placed 
on information detailing running costs. (Frensch 2008) 
2.2 Life cycle oriented tendering 
The greater inclusion of aspects of sustainability in the invitation to tender for, and the planning of, 
property calls for there to be a better flow of information between the contracting and the tendering 
party, particularly where this information has implications for property life cycles. The contracting 
party should not only formulate requirements for the building and its parts in respect of environ-
mental protection and health and safety (sustainability), but also press for the provision of related 
information in the tender. The identification of „strategic components‟ has proven to be especially 
important for the functional, ecological and economic performance of the building. In response to 
this, the tendering party should incorporate at least the following details into the creation of the 
tender: 
 Information on environmental and health and safety characteristics (e.g. LCA, EPD) 
 Information on long-term performance and technical life span 
 Information on take-back and recycling opportunities 
 Information on life cycle costs 
 Information on maintenance (maintenance contract as part of the tender, where applicable). 
 
The efforts of CEN TC 350 with regard to developing formats for the communication of envi-
ronmental and health and safety product information may make a positive contribution to this 
process, but the information included to date should be expanded further. 
3 FINANCING SUSTAINABLE CONSTRUCTION 
3.1 Objectives and prerequisites 
As early as 2004, the European Commission expressed its hope and expectation that certifica-
tion of the sustainability of buildings combined with an illustration of their economic benefits 
would result in increased demand and greater willingness to pay on the part of purchasers and 
lessees as well as more favourable terms in the financing and insuring of these types of prop-
erty. (Commission 2004b). The question is thus whether, and to what extent, banks and insurers 
will recognise and appreciate the economic benefits associated with sustainable buildings. More 
favourable financing and insurance terms would then be seen as another advantage, which 
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would in turn contribute to a strengthening of demand. To date, however, any examples are few 
and far between and can be classified by type as follows: 
 Banks (KfW in Germany, for example) that act as „economic development banks‟ and con-
duct development programmes on behalf of the state using public funds: they channel 
public money through 
 Banks that, as part of a marketing campaign or an awareness of their responsibility to the 
environment and society, grant special offers valid for defined, individual measures for a 
limited period of time (usually cheaper interest rates for measures related to energy conser-
vation) 
 Banks that specialise in the financing of measures for environmental protection and sus-
tainability 
 Banks that are aware of the reduced energy and running costs of sustainable buildings and 
take this into account when assessing the creditworthiness of the borrower (e.g. for single-
family homes) and the amount of credit to give (e.g. energy efficient mortgage) 
 Banks that, as part of project financing, grant more favourable terms in recognition of the 
economic benefits of sustainable buildings (or demand risk surcharges for non-sustainable 
properties) after having weighed up the property risks 
 
Only in the last example is there a direct relationship between financing terms and recogni-
tion of economic benefits as part of property and risk assessments and estimates of performance 
and probabilities of failure. Subsequent analysis focuses on this relationship. For further steps in 
this desired direction, the following questions need to be clarified in terms of which prerequi-
sites are created: 
 Can the contribution of buildings to sustainable development be described and evaluated in 
a transparent, auditable and recognised manner? This necessitates, for example, further de-
velopment of assessment and certification systems and of criteria grids and benchmarks. 
 Which attributes and characteristics of sustainable buildings have a direct or indirect im-
pact on the financial risks and prospects of property? Identification of „success factors‟ is 
required. 
 Can aspects of sustainability be integrated into property and risk analyses and value ap-
praisals and can their positive effects be illustrated? This requires the further development 
of appropriate methods and instruments.  
 Can the greater willingness to pay for sustainable buildings on the part of lessees and in-
vestors be proven empirically? For this to be possible, the way in which buildings are 
described and transaction data are evaluated must be improved. 
3.2 State of development 
As illustrated above, evidence of a relationship between the attributes and characteristics of sus-
tainable buildings and financial risk, value stability and potential for positive growth is a 
prerequisite for including aspects of sustainability into the process by which financing rates are 
set.  
In terms of integrating aspects of sustainability into methods for risk analysis, property analy-
sis and property and market rating, the first steps have been taken with the incorporation of 
ecological sustainability. (TEGoVA 2003).  
Fig. 1 presents an approach developed in collaboration with the author. It has been shown 
that all risks related to the market, location, the building itself as well as the planning and opera-
tion of the building have economic consequences. These all have impacts on cash flow, growth 
and in so far also on financial risks. By developing strategies on the basis of improving the rele-
vant characteristics and qualities these risks can be reduced. In particular, any characteristics 
directly or indirectly related to sustainability, but also those that relate to the quality of planning 
and sustainable site selection can contribute here. In the end a reduced risk should result in bet-
ter (financing) terms when considering the financing options for a project. 
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Figure 1: Relationships between property features and financial risks (Lützkendorf & Lorenz 2008) 
 
Attention is drawn to the fact that, on the one hand, not only do direct aspects of sustainabil-
ity (e.g. energy efficiency, water-saving measures) have an impact on sustainability, on the 
other hand they also affect risks. There is often failure to recognise that traditionally recorded 
attributes, such as aesthetic, technical and functional quality, similarly contain references to sus-
tainability. As a result, the inclusion of aspects of sustainability is already more pronounced 
than is usually assumed. On the other hand, not all attributes and characteristics relevant to sus-
tainability are immediately crucial to future leasability and marketability and thus to financial 
risk of constructions in the short and medium terms (e.g. recyclability). In collaboration with the 
Portugal SB10: Sustainable Building Affordable to All
42
author, the possibilities for integrating aspects of sustainability into risk analysis and portfolio 
management are being analysed in Germany as part of the „IMMOwert‟ project. 
The integration of aspects of sustainability into value appraisals is currently the subject of in-
tensive work internationally. (Lorenz 2006), (Ellison et.al. 2007), (Lorenz et.al 2008) After 
development has been driven forward by research projects from the academic field first, practi-
tioners and their associations will increasingly recognise the need for examination of this matter. 
The first workable proposals are available. (Meins & Burkhard 2009) 
For the time being, it remains to be seen whether, and to what extent, banks will acknowledge 
the benefits of sustainable buildings by taking them into account in their decisions to grant 
credit and, in doing so, make it easier to secure financing. It can, however, be assumed that this 
topic is being actively addressed in that respect. 
 
 
4 CONCLUSION AND OUTLOOK 
 
The subject of „green building‟ and „sustainable property‟ has taken hold in the property industry. 
Growing demand, also in connection with new products such as „sustainable property funds‟, can 
already be observed. This demand can be strengthened further by the purposeful alignment of pub-
lic procurement with the principles of sustainable development, the further development of 
framework conditions (laws, regulations, standards, funding programmes) and the use of market 
mechanisms. Prerequisites include: 
 further development of systems and tools for describing and assessing buildings and their 
harmonisation 
 improvement of the empirical basis through the surveying and publishing of transaction 
data, supplemented by the fundamental attributes and characteristics of properties 
 extension of empirical studies to provide evidence of the ecological advantageousness of 
sustainable buildings, e.g. by determining the relationships with financial risks and value 
performance 
 development and dissemination of tools to aid the tender invitation process 
 integration of sustainability-relevant information about products, designs and buildings into 
the tender documents 
 integration of aspects of sustainability into PPP and PFI models. 
 
Subsequent work consists in developing standardised criteria grids and practices that can be 
adapted in a straightforward manner to the particular nature of individual countries, regions or 
climate zones. With ISO TC 59 SC 17 and CEN TC 350, for example, the International Organi-
zation for Standardization and the European Committee for Standardization can make a 
contribution in this respect. It is important that the complexity of sustainability assessment be 
preserved. One-sided overemphasis of energy efficiency or carbon footprint must be avoided, 
while endeavours to operationalise life cycle costing should be intensified. It is recommended 
that the work already commenced by UNEP-FI and UNEP-SBCI on developing assessment cri-
teria designed to represent the viewpoint of investors and users be continued and intensified. 
References to the sustainability reporting (alignment with the principles of the Global Reporting 
Initiative (GRI)) of companies in the construction and property industries are also recom-
mended. 
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1 SIX BILLION HUNTERS AND GATHERERS  
You could actually say, in fact, that natural selection as described by Darwin in 1859(!) had 
been ‘deferred’ for large parts of humanity. There were no more natural enemies, no food or 
other resource shortages and humanity itself could grow in number without restraint.  
150 years later we are on this world with nearly seven billion peers and all available land has 
been subdivided and is being developed or is occupied by people. There is no virgin territories 
any more that can be claimed except Antarctica perhaps but this is for the time being (…?) still 
under ice. Stocks and (fossil) energy are running out and society is running against a new limit. 
The last convulsions are taking place: the hunter can only secure resources by force of arms as 
in Afghanistan where three months after the incursion, contracts for the oil pipeline were signed. 
The gatherer is stripping the last areas using beads and mirrors as China currently does in Africa 
with road construction in exchange for base material extraction. Hunting and gathering, or 
might we say it changes to steeling and plundering. .. 
The physical and political limits have again been reached after 150 years. The postponement, 
bought with fossil fuels, has reached its end. Again we must search for the balance but now with 
more than six billion people and with an unprecedented consumption pattern. The credit crisis 
story is, by the way,  not simply a financial one. It is based on wanting to buy and own products 
and base materials without limit and to conclude lines of credit for this because the resources 
cannot be acquired fast enough or have been distributed incorrectly. We are literally living on 
credit. 
Many are no longer aware of the link with the foundation for affluence, base materials: it is 
as if mobile phones are growing on trees; that is the way they are used (“the new harvest has 
been collected”). Technology has become a natural phenomenon. It is available and it works. 
Should it not, there is a replacement since maintenance no longer exists. We process and man-
age but are no longer related to the base. For the Flower Power generation: it is Zen, but with-
out the art of motorcycle maintenance . 
 
 
 
 
 
 
 
The shift from “less bad” to “0-impact” 
Ronald Rovers  
RiBuilT, Research Institute Built Environment of Tomorrow, Zuyd University  
 
ABSTRACT: Around 1860 the “party” started. Humanity bought itself time with new technolo-
gies driven by fossil fuels, and materials and fossil fuels could be deployed in an accelerated 
manner. Base materials could be fetched from places that were further and further away. If in 
some places a  society from so called “undeveloped countries” still tried to manage their re-
sources, this was completely thrown in disarray in the 20th century.  
The entire world became the hunting ground of the industrialised world. Every time that there 
was a threat of a short-lived crisis in “developed” countries, we could again sidestep to stocks 
from other regions.  The Hunting--gathering had again risen in all its glory.
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Figure 1. Turning Torso: 150 years of playing and experimenting, depleting planet: building  consuming  
~ 3400 kg / m2, 
 
We are frenetically continuing to search for fossil fuels that are becoming scarcer by the day 
and are plundering the whole world. When they are found, they are becoming more and more 
difficult to extract. They will, therefore, become an assault on financial and energy resources 
with further price increases and economic crises as the result. 
We only have to look at the Netherlands: we preach renewable energy, a modest 20% more in 
2020 but oil extraction is again being pursued in Drenthe with huge investments in steam to 
make this oil fluid; energy efficiency drops considerably due to this. Exploring for gas is again 
being pursued. We, of course, also have planned new coal-fired power plants under the guise of 
the fact that we can store the CO2. In 20 years time. Perhaps. Maybe.  
We also have biomass: cultivate energy ourselves on agricultural land. The available land in 
the world is the first official scarce item in accordance with the EU. So we use biomass for our 
“energy hunger” This could, theoretically be  possible as shown by research. We could cultivate 
both food and energy on the currently available area of fertile land. All of production on a glob-
al scale must then, however, be brought to the yield level of the Netherlands (which is among 
the highest in the world due to artificial fertilisers) and we must all become vegetarians. This is 
already inconceivable from a human perspective and also impossible because of fertiliser base 
materials becoming scarcer… 
We may perhaps be able to stretch things a little by developing technologies but that the 
hunting ground is finished, is clear. That is to say, it has been subdivided, it is in use and there is 
no way out. The world itself has become an island. The only hunting grounds are those of our 
own species: Darwin revised. We are having more selection: a fight for resources that Darwin 
could never have envisaged through, for example, wars or, rather, unnatural selection?  
How will this go on if we do not change anything? In research carried out by Barclays Bank 
into the operation of financial markets, they have currently arrived at the following conclusion: 
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“Major risk is business-as-usual, which equates to a degeneration into widespread resource 
conflict and ecosystem collapse.”  
Its is time to change things. To stop hunting an gathering, and start sowing and harvesting, in 
a way that we can continue for long in a balance with natures potentials.   
We started thinking about this at the end of the last century. Awareness was growing, at least 
on our energy situation, and , as in our field of knowledge, buildings should become more ener-
gy efficient, less energy demanding. So we started improving these buildings, products from a 
century of abundance, and reduced energy demand of new constructions by  10 pct or so. That 
was the first step.  
It was still a amaturistic attempt: trying to survive our way of life, with just a little bit of im-
provement, but nevertheless, there was a beginning. Since the nineties of the 20th century how-
ever we have slowly faded away of this direct attempt to improve at least energy performance:  
Slowly the holistic approach  has entered the scene, in which everyone should be happy: the 
planet, the people and the profit. The PPP syndrome. That is the most astonishing move stake-
holders have been able to establish: The energy ambitions have not been fought, They have 
been able to pack these in a ever growing list of “sustainable” ambitions, .  
Which enables a high score without even having saved a single Joule ( except for countries 
with mandatory energy standards) Because both  the people and the profit should score well, its 
more like “People making profit depleting Planet” 
When will the notion emerge that resources are at the basis of society: food, energy, water 
and materials. If they are not available or if they are not managed properly, a society cannot ex-
ist and certainly not grow. And these base resources are used by people to give shape to their af-
fluence and wellbeing. Economy and policy are there just to facilitate and give direction to this. 
They can be adjusted since these  are not natural phenomena : we invented  them ourselves, 
somewhere in mediaeval times. And it is rather logical when you are going to steer resources 
based on an economical profit principle  that has proven to be aiming for the opposite that sus-
tainability will remain a farce.  
The tools we use have undergone similar trends: more and more is included, from perfor-
mance to proces management, from architecture to re-use of products, and comfort and health. 
To make this work we had to find all kinds of innovative ways of calculations. And start using 
weighing factors to compare what was not comparable.  Even in LCA tools…  
And compare things with the past:. Even at high policy level, this approach has been prac-
ticed: The Kyoto protocol measures everything compared to 1990. ( We have created a bad con-
cept, and measure in how far we improved a little from that, forgetting that it remains a bad 
concept… 
So now we have arrived at using either broad holistic tools disguising any progress or failure, 
or on the other side a focus on CO2 reduction, which is a end of pipe approach of a single issue. 
2 WHERE TO GO 
With Regard to Building and construction : 150 years of experimenting by architects and  and 
depleting resources by construction,  its time to conclude  that there is a need for a new architec-
tonic and urban language. With choices made out of the unlimited  options explored the past 
age, and to select a few that support and maintain modern society. Not only with regard to an 
individual building but also with regard to a new approach towards the urban organism, the  
‘orbanism’ , to ensure it no longer consumes and wastes, but learns to behave as it is becoming 
in a decent habitat. Forming the biotope together with landscapes in which we can live and re-
side for many a day.. If we do not, it will be very inconvenient for all of us: and its either we do 
it ourselves, create a post carbon society, or society will do it for us: A post Crash Society We 
need a  transition from (less..)consuming cities and landscapes to productive cities and land-
scapes. 
And  It is about time  to define where to go to, instead of improving where we came from.  
And that’s what we need to evaluate therefore: in how far are we away from a 100 % renewable 
sources based building? Of course, we do not add up energy and materials to one score…  We 
need to establish a sustainable balance for both, not for the average! 
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This creates the approach for a closed cycle management of our resources, and building an 
built environment management: A use of resources, that can be maintained for long. There is 
however limits to such an approach: The use of  renewable sources requires to renew them, and 
the potential worldwide is limited, see the calculations on biomass. And therefore the renewable 
resource base sets limits to what can be done:  It will most likely require that not only we make 
a shift for renewables, but to slow down the rate of use, and the speed by which they go in and 
out a cycle, as well, as to reduce the energy to drive the cyclic use. Or in other words, we will 
have to divide the growth potential of renewables equally over the population. For energy this 
seems not such a great problem, for materials that’s an other story, it will create the need for 
highly efficient management of resources and maintenance of building stocks.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Ijburg III :Neo-canalhouse in Amsterdam:  5 levels in prefab timberframe with strawbales.  
 
Now how to establish this? How to design new buildings and districts with optimised energy 
and  water systems, and with materials that do not deplete resources, nor created CO2 emis-
sions? And how to re-develop our neighbourhoods and districts in a transition for 0-impacts? 
How to plan a route for cities to become energy neutral? 
Things have started to happen already though not fully recognised like that .  Think of FSC 
wood:  a attempt to manage wood in closed cycle manner, controlled.  We see similar trends in 
fish ( fishfarms) and food in general ( slow food movements).  Even in biofuels: to grow and re-
new the resources for fuels. ( by the way: a temporary experiment, due to the scarcity of land, 
but nevertheless an example of the search for manageable resources) 
And “0-energy buildings” are popping up in every country, and are approaching mainstream. 
In the Netherlands stakeholders agreed with the government to increase gradually to 0-energy 
new houses over 25 pct  in 2012, and  50% in 2016 and 100 % in 2020. The UK already adapted 
a policy where all houses should be CO2 neutral by 2016. In Belgium the industrial areas devel-
op 0-CO2 strategies, and  in Germany we find the first energy producing buildings and houses. 
Its obvious that the notion is growing that we no longer should improve bad concepts from the 
past, but have to look forward: how far are we from the ideal situation. Even cities more and 
more introduce and explore policies to become energy neutral or even Climate neutral. And this 
is still only energy. With water, materials and land we face similar approaches: resources are 
getting scarce or require more and more energy to quarry or produce. Strategies for 0-water dis-
tricts are tested and a few pilot projects have been established. Food supply will become more 
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critical, if ever more people start living in cities. Urban Agriculture is gaining ground, and inte-
grated in new town planning.  
And With G20 just recently in July 2009 agreeing on 80 pct CO2 reduction by 2050, ( How-
ever not materialised in a treaty in Copenhagen)  its obvious there is no escape anymore as to 
explore the situation where buildings and Built environment have 0 or near 0- impacts. 
It makes things easier as well:  In the case of 0-energy buildings (defined as buildings that on 
site provide the renewable energy to meet the buildings demand) its no use to measure CO2: its 
not an issue anymore. By transferring to renewable energy, we have both tackled depletion of 
fossil fuels and by definition have eliminated the side effect of CO2 emissions.  
And with materials the same: They should be provided from renewable materials, and the 
eventual energy involved from renewable energy sources. Lets be clear about this: The future 
will be based on closing cycles: to be able to maintain our lifestyle with a circular management 
of resources. Circular as  O as a circle , or 0 as zero regarding impact for the different use of (re- 
) sources, for ages to maintain.  
3 THE CONCEPT OF O 
Reated to building and construction the approach can be summarised as follows: 
 
O-energy    
No life without energy…  But only life with 0-energy:  the use of energy without climate im-
pacts or depletion.: 0- fuels degradation, or 100 % renewable. With Buildings and Built Envi-
ronments that manage within their system borders  the energy needs.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Winning student design to be constructed in the District of Tomorrow  Eco/nnect, Roel Derkx 
en Leroy Merks: energy plus, and > 50 renewable materials,  with 0-landuse: the roof has become pro-
ductive. 
 
O-materials 
Energy and mass are two of the same, and materials, as the earthen form of mass, are  diluted 
and depleted, unless based on a renewable source, indeed: here comes the sun, again.  0-
materials, therefore is similar to 0-energy:  the use of renewable sources, and to renew these in a 
similar time-space frame, to compose and maintain buildings and built environments.    
 
O-water 
Water is at the heart of life, and there is enough for everyone, in principle. And in fact like 
energy is never lost as well , only degraded , by dilution ,contamination and poisoning.  No 
problem to use it, however to clean up for re-use as well, and remain available in the area:  
Leading to a 0-water approach and eco-sanitation concepts  for built environments .  
 
O-land  
Land is where it all comes together: to collect and convert solar radiation into food, biomass 
and energy. And with 7 billion people and growing the most scarce ‘resource’. How can we 
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create buildings and built environments that have the least occupation of land? Productive build-
ings in stead of consumptive built environments , and house 7 billion with a acceptable level of 
welfare? 
 
O-air 
The air carries rain, lets  sun rays pass, distributes seeds and makes us breathe. If we change 
the balance, everything else changes.   To live, without unbalancing  the air around us, is about 
designing built environments that are and keep clear of smog, fine dust and other nasty ele-
ments. Leading to the concept of 0-air (pollution) . 
4 CONCLUSION 
A future system wll have to be based upon a closed cycle operational use of our resources. And 
by definition this ca n only be renewable sources: The ones that can be regenerated over their 
time of functional use. All others will deplete our resources, and with 7 billion people and grow-
ing, this will be even the more urgent.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Hundertwasser: “The vertical is for man, the horizontal for nature” 
 
It will require a whole different approach to buildings, and proceeding the current way of 
construction , and only a little bit better can not be maintained as a strategy.  
This is what has led to the initiative for a research institute Built environment of Tomorrow, 
that solely focuses on research to make the 0-options happen; Simmarised a s The concept of O . 
O stands for a cyclic approach leading to 0-depletion, 0-pollution, 0-climate change etc, by ap-
proaches that aim for 0-energy , 0- water etc.  And its not only  The concept of O in the western 
technocratic way of things, it also relates to the Eastern notion of O : O as in the Japanese Wa, 
for Harmony, or in the Chinese Ying Yang, for balance.  O is where all comes together, in a ba-
lanced way of managing our resources, to be maintained for ever.  
It’s the only way we can house over 7 billion people, and remain a certain level of standard, 
without depleting alle earth bound resources and biotopes. It might require us to adapt as well, 
to settle a t a lower level of materials throughput, but at the end it’s the only way.  It will take 
time, of course, we cant establish this overnight. But we should start measuring and evaluating 
our activities, towards this target, to keep the focus straight and gradually change to this ideal 
future. In stead of  trying to maintain , what cant be maintained.  
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1 INTRODUCTION  
The global level of urbanization has only recently reached the 50 per cent watershed. Urbaniza-
tion will continue to expand rapidly. It will touch upon the lives and energy consumption pat-
terns of hundreds of millions of people, who are going to move to urban areas which are being 
built right now. One of the crucial questions of our time is how to mainstream sustainability, 
and sustainable use of energy in particular, as a key principle of urban development. 
Buildings and urban infrastructure create the framework for our daily life. Real estate repre-
sents a massive share of public and private property, and its long-term value is linked with fi-
nancial stability. As major sectors of national economies, both production of building materials 
and construction create hundreds of millions of jobs all over the world.  
From a life-cycle perspective products from only three areas of consumption – food and drink, 
private transportation, and housing – together are responsible for 70-80 percent of the 
environmental impacts of private consumption. Both housing and mobility are interdependent 
key elements of the built environment. About 30 per cent of carbon dioxide emissions are 
caused by fossil-based energy that is used in buildings 
Achieving sustainability of the built environment is not only a local but also a global chal-
lenge. It depends on overcoming major hurdles illustrated by the following numbers. 1.8 billion 
people are expected to suffer from fresh water scarcity by 2025, mostly in Asia and Africa. 1.6 
billion people are without access to modern energy. Each year, 2 million people globally die 
prematurely due to indoor and outdoor air pollution. Currently, 1 billion people are slum dwell-
ers, lacking clean water and sanitation. Millions of people are constantly threatened by flooding 
related to climate change. 
The overall challenge of the land use, construction and real estate sectors is massive through-
out societies, both at the macro and micro levels. The impact of decisions in these sectors can be 
immeasurably long-term. It is not possible to reach any sustainability targets if the built envi-
ronment and its stakeholders are not included in the effort.  
2 WHAT IS SUSTAINABLE CONSTRUCTION, WHAT IS A SUSTAINABLE BUILDING? 
In this text, construction refers to the production processes of new buildings and infrastructure, 
as well as to their refurbishment and reconstruction. Buildings refer to the consumption phase, 
which covers the use, operation and maintenance of existing buildings. The production proc-
Construction Counts for Climate – Also after Cop15 in 
Copenhagen 
 
Kaarin Taipale, Ph.D. (Urban Studies),  
iiSBE Vice President; Chair, Marrakech Task Force on Sustainable Buildings and Construction 
ABSTRACT: The text explores the role of sustainable – not just green – buildings and construc-
tion in climate change mitigation. What is the potential of the many different actors and stake-
holders to make a difference during the whole life cycle of a building? How can public policies 
support energy efficiency in buildings? What is the role of the construction and real estate sector 
in global climate change strategies? This text is based on the Sustainable Development Innova-
tion Brief on Sustainable Buildings and Construction, compiled by Dr. Kaarin Taipale, to be 
published by the UN DESA in 2010. 
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esses represent the supply side with the involvement of the building materials and construction 
industries, as well as engineering and design professions, among others. Occupation of spaces 
and maintaining the functionality of their structural and mechanical systems can be understood 
as the demand side, with both the owners of real estate and users of space in charge.  
With a few exceptions this text focuses on buildings, even if it is difficult to outline system 
boundaries between a house, a city block, a community, an urban or rural settlement, and a 
megacity. Mobility and urban infrastructure are elements linking individual buildings with each 
other. However, municipalities as systems of governance and providers of basic services are 
much more than just built environments. 
There is no universal definition of sustainable construction. It is constantly evolving as our 
understanding of the complexity of the issues increases. Out of a variety of possible formula-
tions, one is included here as food for thought. It is based on an ISO description: “Sustainable 
construction brings about the required performance with the least unfavourable ecological im-
pacts while encouraging economic, social and cultural improvement at local, regional and global 
level.” 
The concept of sustainability of buildings and construction covers not only environmental or 
ecological (“green”) aspects, but also economic, social and societal aspects of the built envi-
ronment. All these dimensions have to be considered from a long-term, life-cycle perspective. 
The assessment of economic sustainability considers not only the initial investment in land and 
construction, but also questions such as the cost of maintaining and operating a building over a 
longer period of time. Social and societal sustainability cover issues which are often closely 
linked with economic and environmental ones, such as access to basic services, upgrading poor 
housing conditions, creating decent jobs, fair trade of construction materials, transparency of 
tenders for contracts, cultural values embedded in old buildings, and accessibility to buildings. 
A figure by Nils Larsson, iiSBE, which unfortunately could not be included in this text, but 
will be shown in my keynote presentation, illustrates the differences between the scopes of is-
sues to be assessed in green or sustainable buildings. The smallest box highlights the current 
view that the environmental loadings caused by energy and resource consumption during the 
operational phase of a building are the core variables to be monitored. In buildings, life-cycle 
thinking translates into this performance-based assessment. The selection of these core issues 
also reflects the present emphasis of both the public and professional debates on climate issues. 
However, sustainable buildings have many more criteria to fulfil. Two more dimensions are of-
ten added to the full system: the impacts of the production and transport of construction materi-
als, and the mobility impacts of the selection of a certain construction site.  
The life-cycle of a building is a process, which starts with the formulation of a need to con-
struct, the selection of a site and preliminary planning. Construction itself covers a rather short 
period, in contrast to the use and reuse of buildings, eventually ending in the demolition of the 
building and waste management, or deconstruction and reuse of building elements. The process 
can take anything from a few years up to hundreds of years. During every phase of the life cy-
cle, decisions are made concerning the performance of the building, with or without considera-
tion of the full potential impacts of these decisions.  
Measuring progress. The implementation of sustainability requires that there is a consensus 
at the local level of what is the baseline condition of each issue, the “business as usual”, against 
which progress is measured. This means that measurable targets and minimum requirements and 
their indicators have to be defined. Additionally, a system and a timeline for monitoring per-
formance and reporting of it have to be decided upon, including sharing of responsibilities – 
who does what. 
At the beginning of any construction project, before setting their own priorities, the stake-
holders need to be aware of the great variety of issues that should be re-evaluated from the per-
spectives of sustainability and life-cycle. A similar evaluation is needed when the appropriate-
ness of national or municipal building policies is assessed. 
Assessment, rating, labelling and certification. Different evaluation systems have different 
tasks to fulfil, depending on the phase of the building’s life-cycle during which they are used. 
The basic questions are: How well does your building perform? What kind of performance is 
meant, and when is it measured – is it the predicted performance which is assessed at the design 
stage, or the actual performance during the operation of the building? What is the performance 
of the building compared to – is it compared to set standards or other similar buildings? For 
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what purpose is the performance assessment needed – for evaluating return on real estate in-
vestments or for measuring national contributions to climate change mitigation? 
Rating gives a score or result relative to a norm or global benchmark. Ratings can be based 
on self-assessment or carried out by third parties. Certification means the validation of a rating 
or assessment result by a knowledgeable third party that is independent of both the developer 
and designer, and the developer of the tool used. Labelling gives proof of a rating or certifica-
tion result which has been issued by the certifier. A great number of evaluation and certification 
systems have been developed, such as LEED in North America, BREEAM in the UK, HQE in 
France, CASBEE in Japan, GRIHA in India, HK-BEAM in HK, PromisE in Finland, SBTool as 
a generic R&D platform, and several others. Even if many of the challenges are global and simi-
lar indicators can be used, any rating or labelling system should be adapted to its region of use.  
When the rating system is developed within a specific region, it can contain assumptions 
about appropriate performance benchmarks and the relative importance of issues such as water 
resources, energy resources, risk of earthquakes or flooding, local climate, solar hours, cultural 
aspects, availability of some materials, and so on. An overview of some of the systems has been 
published, among others, by UNEP SBCI and FI: Financial & Sustainability Metrics Report. 
Availability of technology. Sustainable construction does not require new expensive technol-
ogy. It is necessary to acknowledge the many advances of the 20th century modern architecture, 
such as an increased interest in housing issues, and the development of industrial mass produc-
tion of building elements, which has made many products available at a lower cost. But by now, 
we are also familiar with the negative impacts of the so-called International Style, which led to a 
non-analytical dissemination of the same modes of construction all over the world. It resulted in 
buildings that apply similar solutions and technologies regardless of the local climate, or local 
patterns of space use and maintenance. These buildings not only waste resources, but age rap-
idly and are difficult to refurbish and reuse.  
In every climatic and cultural region, a lot can be learned from traditional architecture; for 
example, orientation of buildings on the site, the use of local materials, or heating and ventila-
tion systems. The skill needed now is how to translate the traditional knowledge into responses 
to contemporary demands. Great examples all over the world show that this is possible. 
Connecting stakeholders. The process of financing, commissioning, designing, constructing, 
using, operating, maintaining and refurbishing buildings is long and complex. This means not 
only that several different actors and professions are going to be involved, but also that the 
owner, the user and the operator of a building do not automatically share the same priorities. In 
order to have a positive impact, it is necessary to address several different stakeholders and have 
input at several stages of the process, starting with the land owner and ending up with the care-
taker of the building. The design decisions that are made at the beginning of the process have 
the greatest impact. For this reason, the viewpoints of as many experts and stakeholders as pos-
sible should be integrated into the process as early as possible. 
CSER. The concept of Corporate Social and Environmental Responsibility (CSER) implies 
that a private company not only acts according to local legislation but is proactive in looking for 
solutions to improve its sustainability performance. The Global Reporting Initiative (GRI) offers 
tools for companies to assess their performance. GRI is presently working with construction and 
real estate companies and their stakeholders to create sector-specific commentary on their more 
generic G3 reporting guidelines and additional sector-specific performance indicators. The 
UNEP Finance Initiative (FI), together with sector stakeholders, has developed Principles for 
Responsible Investment (PRI). UNEP FI has a specialized working group on property investing, 
which has published a number of useful reports and toolkits, including Owner-Tenant Engage-
ment in Responsible Property Investing and Responsible Property Investing – Committing and 
Engaging, both of which are available on their website.  
3 BUILDINGS AND CLIMATE CHANGE 
Worldwide, roughly 40 per cent of all energy produced is consumed in buildings, which trans-
lates to about 30 per cent of all carbon dioxide emissions. The 4th assessment report (2007) of 
the Intergovernmental Panel on Climate Change (IPCC) compares the emission reduction poten-
tial of various sectors with the costs of implementing them. The comparison makes it clear that 
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buildings are one of the “low-hanging fruits”, where the huge emission-savings potential is the 
cheapest to implement. Again, the IPCC graph which unfortunately could not be included here, 
is shown in my keynote presentation. 
The key fact is that while the high level of emissions from the production of construction ma-
terials and the resulting embodied energy must not be underestimated, the focus has to be on the 
operational phase of the building, when at least 80 per cent of the energy is used. Thus, any de-
cision taken today on how buildings and cities are built will have a long-term impact. From to-
day, each new building constructed in an energy-wasting manner or retrofitted to a suboptimal 
level will lock us into a high climate footprint future.  
The other side of the coin is that we cannot focus on new construction only, as existing build-
ings also need to be refurbished so that their energy consumption is reduced radically. Buildings 
are key to climate change mitigation in each world region and that the greatest potential is in the 
refurbishment of old buildings. By 2050 (as compared to 2005) as much as 77 per cent of final 
thermal energy consumption can be eliminated by building codes, while living standards in-
crease and energy poverty is eliminated. However, the level of emissions in 2050 is extremely 
sensitive to the retrofit rate: The 77 per cent energy savings is based on a 3 per cent retrofit rate, 
but if it drops to 1.4 per cent, energy savings drop to 37 per cent! At the same time, suboptimal 
retrofit represents a major climate lock-in risk for many decades. For this reason, suboptimal 
retrofits should not be supported. Instead, it would be better to wait if an optimal retrofit is not 
yet possible. 
A frequently heard counter-argument is that energy efficiency requirements increase the cost 
of construction. A recent example documented by the International Energy Agency (IEA) shows 
that when using passive house technology, the extra costs can be 3–5 per cent of the total costs, 
with a payback period of 9–10 years. Measures increasing the energy efficiency of buildings 
have the potential for a negative net cost over time, as the initial investment pays itself back and 
can be reinvested back into the community. Energy efficiency leads to positive economic and 
employment growth. 
With existing technology we can build and retrofit buildings to achieve energy savings of 60–
90 per cent, as compared to standard practices in all climate zones, while providing similar or 
increased service levels. It has been estimated that a worldwide transition to energy-efficient 
buildings would create millions of jobs as well as “green” existing employment for many of the 
estimated 111 million people already working in the construction sector. Investments in im-
proved energy efficiency in buildings could generate an additional 2-3.5 million green jobs in 
Europe and the United States alone, with a much higher potential in developing countries. 
Construction materials. One of the starting points of construction is the production of build-
ing materials, a process which is often highly energy intensive. However, during the life cycle 
of a building, the impact of construction and construction materials varies between 10 and 20 
per cent of its total energy use. Thus, as far as energy consumption of buildings is concerned, 
the use and operational phase will consume the major share of energy. This, however, does not 
mean that the resource consumption of the production and transport of construction materials 
should not be analysed and taken into account.  
Principles for increasing the energy-efficiency of production include technological improve-
ments of production processes, use of recycled or alternative materials, and use of alternative 
fuels, such as waste materials. Among the most energy intensive basic materials are aluminium, 
iron, steel and cement. The cement industry contributes about 5% to global anthropogenic CO2 
emissions. Polymers such as plastics and bitumen have a large carbon footprint. Construction 
materials like glass, ceramic tiles and brick also require high temperatures in the production 
process. In 2007, the Chinese government released new standards for the cement industry. Pro-
ducers are expected to reduce energy use by up to 15 per cent by 2010. Similar initiatives have 
been undertaken by the three largest cement companies: Cemex, LaFarge, and Holcim. Cemex 
plans to reduce its emissions by 25 per cent by 2015, while LaFarge and Holcim aim to reduce 
their emissions by 20 per cent each by 2010. 
Common Carbon Metric. A broad group of experts and organizations agreed that the following 
metrics, taken from building performance data, should be used to compile consistent and 
comparable data: energy intensity is measured as as kWh/m2 per year and kWh/occupant per 
year; carbon intensity is measured as kgCO2e/m
2 per year and kgCO2e/occupant per year. 
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A report published by UNEP SBCI, Common Carbon Metric for Measuring Energy Use & 
Reporting Greenhouse Gas Emissions from Building Operations (2009), now provides a consis-
tent and verifiable methodology to measure the climate footprint from buildings that had been 
missing until now. It is accompanied by a globally consistent common carbon metric for build-
ings which provides the required common language for measuring greenhouse gas emissions 
and energy efficiency of buildings. The globally harmonized method for measuring, reporting 
and verifying energy use and carbon dioxide emissions provides the basis for establishing base-
lines, performance benchmarking, and monitoring improvements in building performance. 
These activities are in turn fundamental to informing international mechanisms for carbon trad-
ing, policy development and analysis, and progress reporting on the mitigation of CO2 emis-
sions from buildings. Policy- and decision-makers can produce reports from the data collected 
through these metrics for jurisdictions, regions, owners of large building stock, and cities. Addi-
tionally, the data can be used at a national level to form baselines that can be used to set targets 
and show improvements in carbon mitigation in the building sector.  
NAMAs, Nationally Appropriate Mitigation Actions are voluntary emission reduction meas-
ures by developing countries that are reported by national governments to the United Nations 
Framework Convention on Climate Change (UNFCCC). They are expected to be the main ve-
hicle for mitigation action in developing countries under a future climate agreement, and can be 
policies, programs and projects implemented at national, regional, or local levels. NAMAs are a 
very new concept, and consequently there are opportunities for developing countries to define 
potential design options and shape concrete policy measures. The above-mentioned carbon me-
trics provides a framework for measuring emission reductions in buildings, so as to support also 
the formulation of NAMAs. 
The buildings and construction sectors have four recommendations for the policymakers in-
volved in climate change negotiations: 
 
 Prioritize the buildings sector as a means of achieving national GHG emission reduction 
targets 
 Recognize energy efficiency and GHG emission reduction programmes in the built 
environment as Nationally Appropriate Mitigation Actions (NAMAs) 
 Reform the Clean Development Mechanism to support investment in energy efficient 
building programmes in developing countries 
 Develop base-lines for building-related GHG emissions using a consistent international 
approach to performance monitoring and reporting. 
4 POLICY PRIORITIES FOR SBC 
The implementation of sustainability in the built environment can be supported by a mix of pol-
icy measures, targeting both consumer and the citizen, and the producers. Until recently, public 
awareness in terms of buildings’ sustainability was low. Not only policy-makers but also pro-
fessional and industry associations and trade unions have a vital part in formulating visions, tak-
ing care of capacity building and disseminating information about their particular roles in sus-
tainable construction. As people's awareness grows, they will be able to make more educated 
choices. As a result, producers will have to react to consumer demand. The market also can be a 
driver for the most innovative companies that want to become forerunners in their fields. These 
are the ones who will develop their products and services based on future demand. At the same 
time, the public sector can push development with regulatory policies and with various financial 
and taxation tools. One process with a major potential to shift the market to more sustainable 
production patterns is public procurement. This is as true for buildings and construction as for 
any product or service.  
The goals of and political arguments for the policy priorities outlined below are the need to 
combat climate change; the need to save money in new construction, maintenance, use of build-
ings and refurbishment; and the need to combat poverty, raise the standard of living and secure 
healthy living environments. Studies prove that policies are the cheapest and the most effective 
tools to initiate change towards sustainability. The UNEP SBCI report Assessment of Policy In-
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struments for Reducing Greenhouse Gas Emissions from Buildings (2007) compared different 
tools, analyzed barriers and made recommendations for effective combinations of policy in-
struments. Policies are also discussed in UNEP SBCI's report Buildings and Climate Change. 
Summary for Decision Makers (2009).  
One key area where policies need to focus is energy efficiency. Being directly linked with 
climate change mitigation, improvements in the energy efficiency of buildings should be in-
cluded in international discussions on climate change. In the reduction of energy consumption, 
the main concern is the use of fossil fuels. Increasing the share of renewable energy in heating, 
cooling and provision of electricity is one part of the equation. In many countries, recently also 
in China, the introduction of Feed-in-Tariff legislation has supported a quantum leap to using 
renewable energy sources. The final goal should be to have energy-autonomous buildings that 
produce all the energy they need. In their recommendations for the buildings sector, the IPCC 
listed the following key mitigation technologies and practices currently commercially available: 
efficient lighting and daylighting; more efficient electrical appliances and heating and cooling 
devices; improved cook stoves, improved insulation; passive and active solar design for heating 
and cooling; alternative refrigeration fluids, recovery and recycling of fluorinated gases; inte-
grated design of commercial buildings, including technologies such as intelligent meters that 
provide feedback and control; solar photovoltaics integrated in buildings. A tool that gets the at-
tention of real estate owners is an energy audit which includes recommendations on how to re-
furbish the building. It is also useful to remind house owners that since buildings have to be 
renovated from time to time, it makes economic and environmental sense to improve their en-
ergy performance at the same time. 
For new construction, the priority should be given to optimizing energy efficiency during use 
and in maintenance, by strengthening focus on maintenance and operation of buildings, main-
streaming low-energy and zero-energy construction, including passive technologies, and sup-
porting housing schemes that raise the standard of living and are based on energy efficient tech-
nologies and renewables, local materials and local labour. 
For refurbishment, efforts should focus on raising awareness about the need to refurbish ex-
isting buildings for energy efficiency, and designing industrial solutions for “mass implementa-
tion” of the retrofit of existing buildings including housing, to make them more energy efficient 
and convert them to the use of renewables. 
Tools to facilitate these goals include awareness raising about the added value that can be 
gained through increased energy efficiency (e.g. using energy certificates as tools, public 
awareness campaigns to influence human behaviour in energy consumption, include health ex-
ternalities into economic calculations for improving indoor air quality. Financing is also impor-
tant in order to develop and mainstream models for affordable housing, including processes and 
funding mechanisms; create incentives to generate employment with to retrofit existing build-
ings to conserve energy; and to create investment incentives for local energy production from 
renewable energy sources, integrated into buildings, and secure the development of resource 
neutral distribution systems.  
Building codes need to be universal and fully implemented. Codes need to cover major retro-
fit as well, not only new buildings. The most advanced low-cost know-how needs to be man-
dated. The construction industry needs to gear up to be able to meet with new standards. Man-
datory regulations are needed to guarantee a minimum level of performance in areas like 
structural safety, fire safety, accessibility and energy performance.  
Urban planning. Even if a building fulfilled every conceivable energy efficiency require-
ment, but was located in a place that can only be reached by private car, most of the “greening” 
efforts would be in vain. Land use and transport solutions are crucial for climate change mitiga-
tion. Every effort to improve the energy efficiency of the built environment has to confront the 
challenges of urban sprawl and mobility, which also have profound social and economic impli-
cations. Building codes alone will not do the trick.  
Financial and fiscal tools can also help. Typical examples are government grants and tax 
credits for qualified refurbishment of buildings. The level of real estate tax can be linked with 
the performance of the building. Another powerful tool is sustainable public procurement. 
The public sector plays a focal part in providing building policies and guidelines. Its roles are 
multiple and include: to set an example in energy issues and create markets by encouraging all 
government agencies and public organizations to initiate and implement energy savings, energy 
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efficiency and renewable energy programmes; to initiate and implement programmes that secure 
access to clean energy for those who lack modern energy services; to introduce energy effi-
ciency criteria into the public procurement of construction work and buildings, and the mainte-
nance and refurbishment of buildings; to integrate climate change and energy efficiency aspects 
in urban development policies; to structure financial incentives to support building activities 
that take a long-term energy efficiency perspective and facilitate the transition to renewable en-
ergy sources; and to collect (energy consumption and production) data and establish baseline in-
formation in order to assess the impact of policies. 
Governments - local, national and federal - have to lead by example. They can do this by in-
troducing sustainability criteria into the management of their real estate and construction and re-
furbishment of buildings that are built with public money or used for public purposes, be they 
offices, schools, museums, sports facilities, roads, bridges, or energy and water utilities, for ex-
ample. This means introducing the appropriate sustainability criteria into procurement of space, 
or when commissioning the construction of new buildings and providing for their operation and 
refurbishment. If the public sector does not implement sustainability targets in construction and 
in the management of its own spaces, who will?  
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C h ap ter  2  
 
P o licies  to  Lo w C o s t S u s tain ab le C o n s tru ctio n 
 
 
 
1 INT RODUCT IO N  
W a te r  ha s  be come  a  r es our c e of t he  ut mos t  i mport a nce . De mogr a phi c  gr owt h and, mos t 
e s pe ci al l y, e c onomi c  de ve l opme nt  a nd t oda y’ s  l if es t yl e s  ha ve  r e nder e d dr i nki ng wa t e r  sc ar ce, 
a nd i ts  s t at us  ha s  c hange d ove r  t he  pa st  de c ade s  fr om t hat  of  a  c ommuni t y a nd na t i ona l  as s et  to 
t hat  of  a n ec onomi c  one .  
Cl i ma t e  c ha nge  ha s  wors e ne d t he  si t ua ti on a nd it  i s  pr edi ct e d t ha t  i n ce rt ai n c ount ri e s , s uc h as 
Por t uga l , t he  for ec a st  r e duc t ion i n ra i nf al l or  t he al t era t ion of  it s r e gi me  c ould ha ve  a  ne ga ti ve 
e f fe c t  on s it uat ions  of  c ri si s  i n t he  s hort  t o me di um t e r m. Be c a use  wa t er  is  a  fi nit e  re s our ce 
whi c h i s  es s e nt ia l  t o l if e , i ts r a ti ona l  us a ge  a t  a ll  le ve l s  is  now a  pr i or it y.  
M a nki nd i s  al re a dy us i ng appr oxi ma t e l y 50%  of  the  fre s h wa te r  r e sourc e s  a va i l abl e . In onl y 
15 t o 20 ye ar s  t hi s  pe rc e nt age  c oul d ri s e  t o 75% . As  a  c ons e que nce  t he  ri s k of  hydr i c  s tr e ss  will 
i nc re a se  s i gni fi ca ntl y a c ros s  t he e nt ir e  pl a ne t a nd some  c ount ri es , suc h a s Por t uga l , mi ght  
e xpe ri e nc e  ve r y s e ri ous  pr obl e ms  i n a  l ar ge  pa rt  of  t heir  t er ri tor y by 2025.    
In a ddi t i on, the re  is  a hi gh l e ve l  of  i nef fi ci e nc y in the  wa te r  s uppl y s ys t e m i n Por t uga l (i n 
publi c  a nd bui ldi ng s ys t ems ) , whi c h a mount s  t o a ppr oxi ma t e l y 250 mi l l ion m³ a  ye a r , 
r e pre s enti ng 60%  of  t ota l  ine f fi ci e nc i es  i n e c onomi c  t e r ms . T he  Gove r nme nt  a i ms  t o r e ct if y t his 
s i tua ti on a nd ha s  dr a wn up a nd publi s he d a  Nat iona l  Pr ogr a m f or  Eff ic ient  Wa t er  Us e, 
a nti c ipa ti ng t he  support  of va r i ous  non-go ve r nme nt a l or ga ni s at ions  a nd non-of fi c ia l  bodi es  t o 
a c hie ve  i ts  goa l s .  Amongs t  t he  a cti ons  s ugge s t e d i n thi s  Pl a n a r e pr opos al s  f or  the  l abe lli ng of 
B en ef its  o f  water e f f icien cy 
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ABST RACT:As  wat er  i s  a  li mi t e d r es ourc e  whi c h ha s  t o be  sa fe gua r de d a nd c onse r ve d, i ts 
e f fi ci e nt  us e  i s  a  s us t ai nabl e  i mpe r at i ve  i n e ve r y count r y i n the  worl d. Cli ma t e  c ha nge  i n 
M e dit er ra ne an c ount ri es , li ke  Por t uga l, c oul d si gni fic a ntl y a f fe ct  t he  s hor t - /  me di um-t e r m 
a va i l a bi li t y of t hi s  r e source , a nd s o me a s ure s  mus t  be  de ve l ope d i n al l  s e ct or s , a s  a  ma t te r  of 
ur ge nc y, t o i mpr ove  wa t er -us e  ef fi ci e nc y.  
T hi s  pa pe r  de sc ri bes  s ome  of  t he  a cti ons  bei ng pr omot e d i n Port uga l  t hat  ha ve  t his  goa l  i n mi nd, 
a nd de mons tr at e  t he  be nef it s  of  t he  wat er  ef fi ci e nc y me a s ur e s , not  onl y on t he  e nvi r onme nt al 
pe r s pe ct i ve , wit h c ons er va ti on of  wa te r  and e ne r gy, but  a ls o i n a n e c onomi c  poi nt  of  vi e w.  
A gr e a t  numbe r  of  t he s e  a c ti ons  ar e  bei ng pr omot e d by ANQ IP  - Na t i onal  As s oc ia ti on f or 
Qua l it y i n Bui l di ng Ins t a l l at i ons , a n NGO t ha t  wor k on t he  i mpl e me nt a ti on of  wa t er -e f f i ci e nc y 
c e rt if i ca ti on s ys t e ms  f or  produc ts  a nd buil di ngs . 
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de vi c e s  i n bui ldi ngs  ( fl ushi ng s ys t e ms , s howe r s , e tc .)  i n orde r  to pr ovi de  cons ume r s  wi th 
i nf or ma t i on a s  t o t hei r  wa t e r e ff ic ie nc y. The  Pl an s ugge s t s  tha t t hi s  me as ur e  be  ma de 
c ompul s or y a ft e r  a  tr a ns it i ona l  pe ri od.  
T he Na ti onal  Pr ogr a m f or  Ef f ic ie nt  W at er  Us e  ( PNUEA)  [ 1]  al s o pr e di ct s  t he  i nvol ve me nt  of 
c ompa ni e s , ma na ge me nt  or ga ni s at i ons  a nd non-go ve r nme nt a l  or ga nis a ti ons  for  the 
i mpl e me nt a t i on of  t he s aid me a s ur es . ANQIP ( Na t iona l As s oc i at ion f or Qual it y i n Bui ldi ng 
Ins t a l l at i ons ) is  t he  onl y lar ge  Port ugue s e  a s s oc ia ti on whi c h f oc use s  on bui ldi ng i ns t al la ti ons 
a nd it  cove r s  t he  s e ct or of  busi nes s es , uni ve r si ti e s , ma na ge me nt  or ga ni s at ions a nd t e c hni ca l 
c ompa ni e s . It s  r es ponsi bi li ty i s  c l ea r  i n t e r ms  of  l a unc hi ng t he  pr oc es s  and it s  l ea de r s hi p r ole .  
2 W AT ER EFFIC IENC Y CE RT IF IC AT ION AND LAB ELL ING IN PORT UGAL 
2.1 Short description of ANQIP (National Association for Quality in Building Installations) 
 
ANQ IP  ( www.a nqi p.pt )  i s  a  Por t ugue se  non-pr of i t  as soc i at ion a nd wa s  e st a bl is hed i n 2007.  It s 
me mbe r s  i nc lude  s e ve ra l  uni ve r s iti e s , f ir ms  f r om t he  s e c t or , ma na ge me nt  or ga ni sa t ions  a nd s el f-
e mpl oye d t e c hni ci a ns, whos e  bas ic  ai ms  a r e t o pr omote  a nd e nsur e wa te r  qual it y a nd ef fi ci e nc y 
i n t he  wa te r  s uppl y a nd dra ina ge  f it ti ngs  a nd f i xt ure s  of bui ldi ngs  [2] [3][ 4][ 5] . 
Unde r  it s  powe rs  a nd i n ac c or da nce  wi th t he  pr oposa l s  of  the  Na ti ona l  Pl a n for  Eff i ci ent 
W a te r  Us e  ANQIP  de c i ded t o i ntr oduc e  a  pr oduct  ce r ti fi c ati on s ys t e m a nd a  wa t e r  ef fi ci e nc y 
l a bel li ng s c he me  i n Por tuga l , st a rt ing i n 2008. 
T he  mode l  us e d ( de sc ri be d be l ow)  wa s  i mpl e me nt e d i n s t a ge s  a nd s ta rt e d wit h ci ste r n toil et s, 
s i nce  t he s e  a c count  f or  mos t  c ons umpt i on i n bui l di ng sys t e ms  i n Por tuga l .  
2.2 The water efficiency labelling model proposed for Portugal 
 
T he  wat er  e ff ic ie nc y l a bel li ng of  pr oduc ts  ha s  ge ne r al l y be e n i mpl e me nt e d vol unt a ril y i n 
va r i ous c ount ri es . In s ome  c ountr ie s  e ff i ci e nc y i s not  gr a de d, but  a n e ff i ci e nc y l abe l  i s a war ded 
whe n c ons umpt i on is  le s s tha n a s pe c if ic  a mount . T his  is  t he  l a be ll ing s ys t e m i n us e i n t he  US 
a nd Sc andi na vi a , for  e xa mpl e . In Aus t ra li a  a nd Ir e l a nd ( Dubli n) , howe ve r , t he  labe l  i ndi c at e s a 
c l a ss if ic a ti on t hat  va ri e s  wit h t he  product ’s  e ff ic ie nc y [2] [ 4] . 
ANQ IP ha s  opt e d f or  a vol unta r y mode l  of  t he la tt e r ki nd f or  Port uga l . Fi gur e  1 s hows  the 
l a bel s  us e d. The  bas e  col our s , whic h ca nnot  be  s e e n i n t he  Fi gur e , ar e  gr e e n a nd blue . 
" A"  s i gnif ie s  t he  gr e at e st  e f fi ci e nc y a nd i s  c ons i de r ed i de al . It  a l s o t a ke s  i nt o a c c ount  the 
us e r -f r ie ndli nes s  a nd per for ma nc e  of  t he  de vi ce s  i n que s ti on. T her e  is  a  gr a phi c i ndi ca ti on by 
me a ns  of  dr ops , f or  a bet te r  unde rs ta nding of  t he  s ymbol , a nd a s ma l l  i nfor ma t i ve  bar  at  t he 
s i de . T he  A+  a nd A+ +  r at i ngs  a re  me a nt  f or  s pec i al  or  re gul a te d a ppl ic at i ons, a s  e xpl a ined 
be l ow. 
 
 
Fig ur e  1 : P o r tugue se  wa te r  e f f ic ie nc y la b e ls  
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ANQ IP ha s  dr a wn up T e chni c al  Spec if i ca ti ons  ( ET A)  f or  di ff e re nt  pr oduc t s  so a s  t o cr eate 
a nd es t abli s h t he  nec e ss a ry be nc hma r k va l ue s  t o be a s si gne d t o ea c h l et te r . The s e  Te c hni cal 
Spe c if ic a ti ons  al s o es ta bli sh t he  c e rt if ic at i on t es ti ng c ondi ti ons . 
Fi r ms  s i gni ng up t o t he  sys t e m wi l l  si gn a  pr ot oc ol  wit h ANQIP whi c h wi l l de fi ne  the 
c ondit ions  unde r  whi c h t he y c a n i s s ue  a nd us e  the  l a bel s . ANQIP c ont r ols  t he  pr oce s s  by 
r a ndoml y t e st i ng la bel le d pr oduct s  on t he ma r ke t , f rom t i me  t o ti me . T he s e  t es ts a r e per f or me d 
by a c c r e di te d la bor a tori e s  or  by l a bor a tori e s  whi c h a r e r e c ogni se d by t he  As s oci at ion.   
2.3 Certification and labelling of flushing cisterns 
 
As  me nt i one d e ar li er , c is t erns  we r e  re ga r de d as  a  pri orit y s i nc e  t oil e t  f l us hi ng c is t er ns  a re  one  of 
t he  bi gge s t  c ons ume r s  of  wa t er  i n buil di ngs  i n Por t ugal . 
As  t he re  i s  a  pr oj e ct  f or  a Eur ope an St a nda rd f or  WC a nd ur i na l  f l us hing c i s te r ns  ( pr EN 
14055:2007), it  wa s  de ci de d t hat  t he  la bel s  of  wat er e f fi ci e nc y t o be  us e d i n Por t uga l  s houl d 
c ompl y wi t h t his  Sta ndar d, whe r e  appli c abl e. 
T he f ol l owi ng me c ha ni s ms  a r e  al so r e ga r de d as  wa te r -s a vi ng de vi c e s , under  t his  Sta nda rd: 
a . Doubl e -a c t i on me c ha ni s ms  ( i nt e rr upt i bl e) :  one  ac ti on ini ti at e s  f l us hing a nd a  se c ond 
a c ti on st ops  t he  fl us h;    
b. Dua l -c ont r ol  me c ha ni s ms :  one  c ont rol  r e le a se s  t he  f ull f l us h vol ume  a nd a not her  
c ontr ol  r el e as e s  a  re duce d fl us h vol ume . 
T he r educ e d vol ume  c a nnot be  gr e a te r  t ha n t wo-t hi r ds  of  t he  ma xi mu m f l us h. 
T a bl e 1 pr e se nts  the  ca tegor i e s  de fi ne d i n t he  T e chni c al  Spe ci fi c at i on ANQIP 0804 for 
f l ushi ng c is te r ns .  
T he  mi ni mum pe r mi t t e d vol ume  or  di s c ha r ge  a mount s  i n c ur re nt  fa c ili ti e s  ar e  l i mi t e d for 
r e a sons  li nke d t o pe rf or ma nc e , use r -f r i e ndli ne ss  a nd publi c  hea lt h. T he  us e  of  4-l i t r e  fl ushi ng 
c i st e rns , f or e xa mpl e , ha s l e d t o pr obl e ms  i n t he  flus hi ng of s ol i ds  in bui l ding a nd publ ic 
ne t wor ks . T her ef or e, t hei r  us a ge  r e qui r es  a n al te r at ion of  t he  us ual  c ri te ri a  of  t he  de s i gn of  the 
dr a ina ge  s ys t e m ( whi ch is  i nc ompa t ibl e wi th ma ny e xi st i ng dra i ns ) . In a ddit ion, t he  Eur ope a n 
Nor m EN 12056-2 doe s  not  al l ow t he us e of 4-l i t re  fl us hi ng s ys t e ms  i n buil di ng s ys t e ms  whos e 
de s i gn c ompl y wi t h S ys t e m I of  t he  s a i d Nor m, a nd t hi s  i s  pr e ci se l y t he  mos t  c ommon s ys t e m i n 
Por t uga l , a ll owe d by t he  Ge ne ra l  Re gula ti on.  
Fur t he r mor e , i t mus t  be  as c e rt ai ne d if  t he di s c ha r ge vol ume  i s  c ompa t i bl e  wi th t he  ot her 
c ha ra c te ri st i cs  of  the  ci s te rn t oil et . Pr oduc t  per for ma nc e  i s  us ual l y e ns ure d by c ompl i a nc e  with 
Eur opea n nor ms , me a ni ng t hat  a ny wat e r ef fi c ie nc y ce r ti fi c ati on mus t  r e quir e  pri or c ompl i a nce 
wi t h t he  e xi s ti ng nor ms  i n te r ms  of  the  pr oduc t’ s  r e s pec t i ve  pe rf or ma nc e  ( i n t he  ca s e  of  f l us hi ng 
c i st e rns , as  me nt i one d a bove , it  i s t he  pr EN 14055).   
Ba s e d on t he se  f a ct s , ANQ IP e s t a bl is he d l ow vol ume  f l us hi ng c is t er ns bel ongi ng t o wa ter 
e f fi ci e nc y c a te gor i es  A+  or  A+ + , but  wi t h t he  obli ga t ion t ha t  t he  l abe l  s hould wa r n us e rs  of  the 
ne e d t o gua ra nte e  t he  pe rf or ma nc e  of  t he s ys t e m a nd compa t i bil it y of  t he  dr ai na ge  c ondi ti ons  in 
t he  bui ldi ng s ys t e m ( Fi gur e 2) .  
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T a b le  1 : W a te r  e ffic ie nc y c a te go r ie s fo r  the  la b e lli n g o f flu s hin g c i ste r n s  
 
 
 
Fig ur e  2 : E xa mp le s o f wa te r  e f fic ie nc y la b e ls fo r  lo w vo lu m e  flu s hin g c is te r ns  
2.4 Certification and labelling of showerheads and shower systems  
 
Showe r  s ys te ms  a nd s howe r s  r e pre s ent  ove r  30% of  the  da il y a ve r a ge  dome s t i c  water 
c ons umpt i on vol ume  i n Por t uga l [ 2]  [ 5] . At thi s l e ve l , ef fi ci e nc y re duces  bot h wat er 
c ons umpt i on a nd t he  c ons umpt i on of  ene r gy r e quir e d for  t he  product i on of  hot  wat e r .  
T he c la s si fi ca ti on of  t he s e  de vi c e s  c onsi der s  t he  f oll owi ng:  
-  Showe r  hea ds  ( s howe r s) , i ndi vi dual l y; 
-  Showe r  t a ps  e qui ppe d wit h a  hose  and a s hower  he a d or  wit h a  f i xe d s howe r  hea d 
( s hower  s ys t e ms ) . 
For  s howe r  s ys te ms  a nd s howe r s , t he  mode l  i mpl e me nt e d c ons i de rs  t he  i de al  us age  ( l e t te r  A) 
t o r e pr es e nt  a  wa t er  us a ge of  be t wee n 5.0 li tr e s/ mi nut e  a nd 7,2 l it re s/ mi nut e .  T he  A a nd A+ 
l a bel s  a ppli e d t o s howe r  hea ds  wit h a  di sc har ge  whi c h i s  5 l / mi n or  l e ss  mus t  be ar  t he  i ndic at i on 
“ Re c omme nde d f or  usa ge  wi t h t her mos t a ti c  t a ps” , due  t o t he  i ncr e as e d r is k of  s ca l di ng. [ 6] 
In  pr oduc ts  whi c h ca n be  r e gul a te d by t he  c onsume r , c e r ti fi ca ti on ma y be  a wa r de d on the 
ba s is  of  t he mos t  ef fi c ie nt pos it i on, as  l ong a s t he  c ri te r i on i s  c le a r t o the  c onsume r , wi t hout a ny 
r i s k of  c onf us i on, a nd i t  mus t  be  ma r ke d ne xt  t o t he  l a bel . Due  t o t he  fa c t  tha t  di sc har ge  i s 
de pe nde nt  on r e si dua l  pr e ssur e , the  e st a bli s he d r ef e re nc e  r es i dua l  pr e ss ure  f or  a ll  r a ti ngs  a nd for 
t he  t e st s  wa s  300 kPa , whi c h r e pr e se nts  t he  a ve ra ge  pr e ss ure  in Port uga l  a nd i s  t he  pr es s ure 
s e l ec te d by s e ve r al  re c ognis e d la bor a tori e s  f or  va ri ous  t e st s .    
N o mi na l 
vo lu me  
( l itr e s)  
T yp e  o f fl us h  
W a te r  
e ff ic ie nc y 
r a ting  
T o ler a nc e  
( M a xi mu m vo l u me  –  
c o mp le te  fl us hi ng)  
T o ler a nc e  
( M ini mu m vo lu me  fo r  
wa te r -sa vi ng fl us hi ng)  
4 . 0  D ua l c o ntr o l  A+ +  4 . 0  –  4 . 5  2 . 0  –  3 . 0  
5 . 0  D ua l c o ntr o l  A+  4 . 5  –  5 . 5  3 . 0  –  4 . 0  
6 . 0  D ua l c o ntr o l  A  6 . 0  –  6 . 5  3 . 0  –  4 . 0  
7 . 0  D ua l c o ntr o l  B  7 . 0  –  7 . 5  3 . 0  –  4 . 0  
9 . 0  D ua l c o ntr o l  C  8 . 5  –  9 . 0  3 . 0  –  4 . 5  
4 . 0  I nte r r up tib le  A+  4 . 0  –  4 . 5  -  
5 . 0  I nte r r up tib le  A  4 . 5  –  5 . 5  -  
6 . 0  I nte r r up tib le  B  6 . 0  –  6 . 5  -  
7 . 0  I nte r r up tib le  C  7 . 0  –  7 . 5  -  
9 . 0  I nte r r up tib le  D  8 . 5  –  9 . 0  -  
4 . 0  Co mp le te  A  4 . 0  –  4 . 5  -  
5 . 0  Co mp le te  B  4 . 5  –  5 . 5  -  
6 . 0  Co mp le te  C  6 . 0  –  6 . 5  -  
7 . 0  Co mp le te  D  7 . 0  –  7 . 5  -  
9 . 0  Co mp le te  E  8 . 5  –  9 . 0  -  
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T he t aps  f or  ba t ht ubs  we re  not  ra te d, bec a us e  hot  wat er  c ons umpt i on de pe nds  on t he  vol ume 
of  t he  t ub t o  fi ll , a nd not  on t he  di s cha r ge  of  t he  de vi ce.  
T a bl e  2 pre s e nt s  t he  va ri ous  e ff ic i enc y c a te gor i e s f or  showe r s  a nd showe r  s ys t e ms . 
 
T a b le  2  –  W a te r  e ffic ie nc y r a t ing s fo r  the  la b e llin g o f sho we r s a nd  sho we r  s yste ms  
D I SCH A RG E  ( Q )  
( l/ mi n)  Sho we r  Sho we r  s yste ms  
Sho we r  s yste m 
wit h a  t he r mo sta tic  
ta p  o r  a n e c o -sto p  
fu nc tio n  
Sho we r  s yste m wit h 
a  the r mo sta tic  ta p  
a nd  a n e c o -s to p  
fu nc tio n  
Q  ≤  5  A+  A+  A+ +  ( 1)  A+ +  ( 1)  
5 . 0  <  Q  ≤ 7 . 2  A  A  A+  A+ +  
7 . 2  <  Q  ≤ 9 . 0  B  B  A  A+  
9 . 0  <  Q  ≤ 1 5 .0  C  C  B  A  
1 5 . 0  <  Q  ≤  30 . 0  D  D  C  B  
3 0 . 0  <  Q  E  E  D  C  
N o te  ( 1 ) : E c o -sto p  func tio ns a r e  no t c o nsid e r e d  o f inte r e st i n  the se  c a se s  
2.5 Certification and labelling of taps 
 
T he  c e rti fi c at i on a nd l a bell i ng of  ta ps  ar e  now be i ng s t udy by t he  t e c hnic al  commi s s i ons  of 
ANQ IP. T a bl es  3 a nd 4 pr es e nts  t he  va r i ous  ef fi ci e nc y c a t e gori e s f or  ta ps , i n st udy. 
 
T a b le  3  –  W a te r  e ffic ie nc y r a t ing s fo r  the  la b e llin g o f b a t hr o o m ta p s ( in ho me s)   
D isc ha r ge  ( l/ min)  B a thr o o m ta p s  
B a thr o o m ta p s wi th a n 
a e r a to r  o r a n e c o -sto p  
fu nc tio n  
B a thr o o m ta p s wi th a n 
a e r a to r  a nd  a n e c o -sto p  
fu nc tio n  
Q ≤  2 . 0  A  A+  A+ +  
2 . 0  <  Q  ≤ 4 . 0  B  A  A+  
4 . 0  <  Q  ≤ 6 . 0  C  B  A  
6 . 0  <  Q  ≤ 8 . 0  D  C  B  
8 . 0  <  Q  E  D  C  
 
 
T a b le  4  - W a te r  e ffic ie nc y r a ti ng s fo r  the  la b e ll in g o f kitc he n ta p s  
D isc ha r ge  ( l/ min)  K itc he n ta p s  
K itc he n ta p s wit h a n 
a e r a to r  o r a n e c o -sto p  
fu nc tio n  
K itc he n ta p s wit h a n 
a e r a to r  a nd  a n e c o -
sto p  fu nc tio n  
Q  ≤  4 . 0  A  A+  A+ +  
4 . 0  <  Q  ≤ 6 . 0  B  A  A+  
6 . 0  <  Q  ≤ 8 . 0  C  B  A  
8 . 0  <  Q  ≤ 1 0 .0  D  C  B  
1 0 . 0  <  Q  E  D  C  
 
T he c er ti fi ca ti on a nd l a bel li ng s ys t e ms  f or  uri nal s  a nd ot her  de vi c e s wi ll  onl y be de ve l oped 
by t he  e nd of  2010.  
3 RESULT S OF T HE IM PLEM ENT AT ION OF T HE SYST EM  IN PORT UGAL. T HE CASE 
OF T HE FLUSHIN G C IST ERNS 
T he  wa t er  ef fi c ie nc y c e rt if ic a ti on a nd l abe ll ing s ys t e m f or  fl us hi ng c is t er ns  wa s  impl e me nt e d in 
t he  l as t  qua rt e r  of  2008. Appr oxi ma t el y 40%  of  t he  compa ni e s  on t he  ma r ke t  a dhe r e d to t he  new 
s ys t e m f r om t he  out s et . Ini ti al l y, 29 f lus hi ng mode l s  we re  c e rti fi e d. Ma ny c ompa ni e s  a nd 
c ons ume r s  ha ve  c ompl i e d wi t h t he  s ys t e m, a nd i t  now c ove r s  a bout  70%  of  the  na t ional  ma r ke t. 
44 f lus hi ng mode l s  ha ve  bee n c er ti fi e d, c orr e spondi ng t o 93 comme r c i al  r ef er e nces .  
T a bl e  5 s umma r i s e s  the  ce rt if i ca ti ons  a wa rde d pe r  ca tegor y. [ 6]  
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T a b le  5  –  List o f c e r tifie d  f lu s hin g c i ste r n s a c c o r d ing to  c a te go r y 
Ca te go r y  N o .  o f c e r tific a tio n s a wa r d e d  
A+ +  0  
A+  2  
A  8 6 
B  5  
C  0  
D  0  
E  0  
 
T he si t ua ti on pr e se nte d i n Ta ble  5 wa s e xpe c te d ( i .e. no c er ti fi ca ti ons  a wa rde d t o t he  l e ss 
e f fi ci e nt  c at e gori e s) . In  f a ct , bec a us e  c ompl ianc e  wit h t he  s ys te m i s  vol unt a r y, 
ma nuf a c t ur e rs /i mpor t er s  do not  us ual l y r eque st  l a bel li ng f or  l es s  e ff i ci e nt  ca te gor ie s . T hi s  i s  not 
ne ga t i ve  f or  t he  s ys t e m;  qui t e  t he  c ont r ar y. Si nc e  s o ma n y c o mpa ni e s  a nd c onsume r s  c ompl i e d 
wi t h t he s ys t e m, t he  l a c k of c e rti fi c at i on of  the  s ai d f l us hi ng ci s te r ns  wil l gr a dual ly l e a d t o t heir 
r e mova l  f r om t he  ma r ke t , thus  c ont ri but i ng t owar ds ANQ IP’ s  goa l s .  
4 CASE ST UDY 
In t he  f ol lowi ng t a bl e s  a r e  c ompa r e d t he  c ons umpt i ons  i n bui ldi ngs , in Port uga l , e qui ppe d with 
c onve nt i onal  pr oduc ts  a nd pr oduct s  wi t h t he  l et t er  " A" . It  i s  a s sume d a n a ve r a ge  oc c upanc y of 
2.7 pe rs ons  /  bui ldi ng.  
 
T a b le  6  –  Co nsu mp tio n in a  b uild in g e q uip p e d  with c o nve nt io na l p r o d uc ts 
P r od uc t C o ns up tio n l/s  
T ime  o f use  
a c c u mula te d  
p e r  d a y 
mi n  
T o ta l time  
( 2 , 7  p e r so ns 
p e r  b uild ing)  
mi n  
T o ta l 
c o nsu mp tio n 
p e r  d a y 
l/d a y  
T o ta l 
c o nsu mp tio n 
p e r  mo n th 
m 3 / mo nt h  
T o ta l 
c o nsu mp tio n 
p e r  ye a r  
m 3 / ye a r  
Sho we r  0 , 1 5  5  1 3 , 5  1 2 1 , 5  3 , 6  4 4 , 3  
B a thr o o m 
ta p  0 , 1 0 4  1 0 , 8 6 4 , 8 1 , 9 2 3 , 6 
K itc he n ta p  0 , 2 0  -  5  6 0 , 0  1 , 8  2 1 , 9  
P r od uc t l p e r  use  o r  d isc ha r ge  
N u mb e r  o f 
use s o r  
d isc ha r ge s 
( p e r  p er so n)  
T o ta l nu mb e r  
o f use s o r  
d isc ha r ge s  
 
Flu shi n g 
c iste r n s  9  6  1 6 , 2 1 4 5 , 8 4 , 4 5 3 , 2 
W a shi ng 
ma c h ine  9 0 -  1  9 0 , 0 2 , 7 3 2 , 9 
D ish wa s he r  2 2  -  1  2 2 , 0  0 , 7  8 , 0  
T OT AL   5 0 4 , 1  1 5 , 1  1 8 4 , 0  
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T a b le  7  –  Co nsu mp tio n in a  b uild in g e q uip p e d  with p r o d uc t s with le tte r  “ A”  
P r od uc t C o ns up tio n l/s  
T ime  o f use  
a c c u mula te d  
p e r  d a y 
mi n  
T o ta l time  
( 2 , 7  
p e r so ns p e r  
b uild in g)  
mi n  
T o ta l 
c o nsu mp tio n 
p e r  d a y 
l/d a y 
T o ta l 
c o nsu mp tio n 
p e r  mo n th 
m 3 / mo nt h  
T o ta l 
c o n su mp tio n 
p e r  ye a r  
m 3 / ye a r  
Sho we r  0 , 1 0 5  1 3 , 5 8 1 , 0 2 , 4 2 9 , 6 
B a thr o o m 
ta p  0 , 0 3 4  1 0 , 8 1 9 , 4 0 , 6 7 , 1 
K itc he n ta p  0 , 0 6 -  5  1 8 , 0 0 , 5 6 , 6 
P r od uc t l p e r  use  o r  d isc ha r ge  
N u mb e r  o f 
use s o r  
d isc ha r ge s 
( p e r  p er so n)  
T o ta l 
nu mb e r  o f 
use s o r  
d isc ha r ge s  
 
Flu shi n g 
c iste r n s  6  6  1 6 , 2 9 7 , 2 2 , 9 3 5 , 5 
W a shi ng 
ma c h ine  4 5 -  1  4 5 , 0 1 , 3 1 6 , 4 
D ish wa s he r  1 6 -  1  1 6 , 0 0 , 5 5 , 8 
T OT AL   2 7 6 , 6 8 , 2 1 0 1 , 0 
 
It ’ s  e a s y t o obse r ve  tha t  t he s a vi ngs  c a n re a ch 45% . 
Cons i de ri ng a l s o t he  i nhe re nt  e ner gy c ons u mpt i on f or  he a ti ng hot  wa t e r, t his  e c onomy c an 
r e a ch 51% . 
5 CONCLUS IONS  
Ef f ic ie nt  wa te r  use  i s  a n e nvi r onme nt a l  pri ori t y i n a ll  c ountr ie s  of  t he  wor l d. Howe ve r , i n s ome  
c ountr ie s , s uch a s  Port uga l , t he  de ve l opme nt  of  me a s ur e s  i n t his  f i el d has  be c ome  ur ge nt 
be c a us e  t he  a va il a bi li t y of  wa t e r c oul d be  s i gnif i ca ntl y r e duc e d i n the  s hort  or  me di um t e r m.   
Spe c ia l a tt e nt ion mus t  t her ef or e be gi ve n t o t he use  of  e f fi ci e nt  pr oduct s , a nd c onsume r s  mus t 
be  a ble  t o i de nt if y t he se  e ff i ci e nt  product s , l e a di ng t o t he  nee d f or  a  l a bel li ng s ys t e m whi c h is 
e a s y t o unde rs t and. 
In Por t uga l , ANQ IP, a  non -pr of i t  NGO, ha s  dec i de d to l a unc h a  vol unt a r y wa t er e f fi ci e ncy 
l a bel li ng s ys t e m f or  pr oduct s , si mi l a r  t o t hose  de ve l ope d i n ot her  countr ie s . 
Ove r  70%  of  the  compa ni e s  ope ra ti ng on the  Por tugue s e  ma r ke t  ha ve  a dopte d t he  fi rst 
c e rt if i ca ti on a nd l a be ll i ng s ys t e m, f or  fl ushi ng s ys t ems , a nd 93 c er ti fi e d fl us hing s ys t e ms  a r e 
a va i l a bl e .  
T hi s  i niti a ti ve  wi ll  mos t  c e rt a inl y pr ovi de a n a ns we r  t o the  cr uci al  a nd ur gent  nee d f or 
i nte r ve nti on i n t he  fi el d of  r a ti onal  wa te r  use  i n Por t uga l , a i mi ng t o gua r a nt e e  in t he  nea r  f ut ure 
t he  es s enti a l s ust ai na bi li t y c ondit ions  de s ir e d.  
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1 INT RODUCT IO N  
In  Eur ope , " inc re a se d de ma nd f or  sus ta i na ble  de st i na ti ons , wer e   na t ur e  a nd l oc al  c ommuni t i es 
pl a y a  ke y r ol e " ( ET C, 2006)  a l ong wi t h a  gr owi ng e nvi r onme nt a l  a wa re nes s  a r e  r e c ogni ze d a s 
c r uci al  f a ct ors  i n t he  s uc c es s  of  t our i s m pr oduct s . T he  Por t ugue s e  Nat i ona l  Str at e gi c  Touri s m 
Pl a n (M EI, 2006) , pl ac e s  "Ga s t ronomi c  a nd Wi ne  T our i s m”  i n fi rs t  of  t he  10 s tra t e gi c  pr oduct s . 
Nowa da ys , t he Upper  Douro a nd Dour o Int e r nat i ona l , c ombi ne  t he  st ra nds "W i ne"  a nd " Na t ur e"  
wi t h re c ogni ze d pote nti al  f or  touri s m gr owt h. Howe ve r , a r c hi t ec t ur e  a nd c ontempor a r y c on -
s t r uc ti on ar e  s ynonymous  wi t h int er ve nti on a nd c ha nge  of  pr e e xi st i ng e c os ys tems . M or e ove r , 
t he  buil di ngs  t hat  ar e  nec e ss a r y f or  le i sur e  a nd t our i s m a c ti vi ti e s , i mpl y a n e xtr a  cons umpt i on of 
e ne r gy a nd na tur al  re s our c es , whe n c ompa r ed t o c onsumpt i on l e ve l s f or  re gul a r  dwe l li ng. 
T he  or i gi na l  de ve l opme nt  impe t us  of  t he  i ndust r y a s s oc i at e d to t he  De ma r c at e d W i ne  Re gi on 
of  Alt o Douro, wit h 250 ye a r s of  e xis t enc e , ha s  l it tl e i n c ommon wi t h t he  c urr ent  de ma nds  of 
gr owt h a nd de ve l opme nt  of t he " Gas tr onomi c  a nd W i ne  T our i s m”  c onc e pt . In ma ny c a s e s T our -
i s m, unde rs t ood as  "l ei s ur e, c ult ur e , mobi li t y a nd knowl e dge , is  j us t a  s ynonym f or  uns us t ai na -
bl e  " ( Cost a , 2006) . 
T o ove r c ome  s uc h proble ms , i n one ha nd "t he pol ic i es of  de st i na ti on ma na ge me n t  s houl d be 
i mpr ove d wi t h a mor e  c ons i st e nt  a nd c ohe re nt  pl anning" ( ET C, 2006) . T our is m gr owt h s houl d 
f oll ow e c ot our i s m mode l s , unde rs t ood a s  a  s ci e nt if ic  appr oac h t o pl a nni ng, ma na ge me nt , de ve l -
opme nt  of  t ouri s m pr oduc t s a nd sus ta i na ble  ac ti vi t ie s . On t he  ot he r  ha nd, a t  a  s ma l l  s c al e  a nal y-
s i s , at te nti on t o ar c hi te ct ur e a nd c ons tr uct ion de ta il  of  tour is t  fa c il iti e s , is  c e nt r al  to " e xpl or e  t he 
pot e nt ia l  f or  t ouri s m pr omot i ng c ons e r va ti on a nd de ve lopme nt , a voi di ng t he  ne ga ti ve  i mpa c t  on 
t he  ec ology, c ul t ur e a nd a es t het ic s" ( Li ndber g, 2002) . In Or de r  to ha ve  T ouri s m c ontr i buti ng t o 
Arch itectu re , to u ri s m an d  s u s tain ab le d ev elo p men t f o r t h e Do u ro  
r eg io n  
A nt óni o F ei o   
Comissão de Coordenação Regional Norte, Porto, Portugal & Instituto Superior Técnico, Universidade 
Técnica de Lisboa, Lisboa, Portugal 
M anuel  C orrei a Guedes  
Instituto Superior Técnico, Universidade Técnica de Lisboa, Lisboa, Portugal 
ABST RACT:  t his  pape r de a l s wit h s ust a ina bl e  c onstr uc ti on a nd ar c hi t ec t ur e i n t he dour o R e -
gi on t ouri s ti c  fa ci li ti e s . W e c l a i m t ha t  thi s  ha s  vi t al  r ol e  i n a chie vi ng t he  t ouri s m f ul l  pot e nt ia l 
f or c onse r va ti on a nd de ve lopme nt  of  t he re gi on wit h r e c ogni ze d pot enti al  for  t our i s m gr owt h. 
Bui l di ngs  t ha t ma ke  pos s i bl e  t our i s m oc c upa ti on, i nvol ve  e xtr a c ons umpt i on of  ene r gy a nd na t -
ur a l r es ourc e s , whe n compa r e d t o a ve r a ge  le ve l s  of  loca l  c ommuni t i e s . 
T o ma ke  pr ogr e s s  on thi s, we  a re  ga t her ing a  re pre s e nt a ti ve  s et  of  t our i s m c ompounds  t hat  will 
be  e va l uat e d t hr ough c ri t eri a  fr om e va l ua t i on me t hods  of  s ust ai na bl e  c ons tr uct i on l i ke  SBt ool, 
Li de r A, LEED a nd BREEAM . W e  a re  ga t her i ng data  r el at e d wi t h t he c omf or t e xper i enc e  of 
t his  buil di ngs  us er s , ai mi ng t o know t he  r a ti o bet we en t ouri st s  de ma nds  of  c omf ort , a nd fi nal 
c ons umpt i on of  r e s our ce s . 
As  r e s ul t  of  t his  r es e ar c h, we  i nt end t o re fi ne  e nvi ronme nt a l  c e rt if ic at i on cr it er ia i n t his  s pec if i c 
g e ogr a phi c al  c ont e xt  a nd bui ldi ng c a te gor y, a nd i f  ne c e ss ar y, de f i ne  c orr e ct i ve  i nte r ve nti on 
s t ra t e gi es  a nd gui de li nes . 
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na ti onal  c ohe si on, re duct ion of  int er ior  des er ti fi c at ion a nd f ol lowi ng t he  l at e st  t he or ie s  of  Ec ol -
ogy a nd Na t ur e  Cons e r va ti on, i t  i s  a l so nec e ss a r y t o know t he  fa c tor s t ha t  i nter f er e  wi t h t he 
c omf or t  f ee li ngs  of  vi s it or s  a nd us er s  of  T ouri s m bui l dings . T he  c omf ort  par a me t e rs  r e qui re d by 
vi s i t or s  s houl d c onve r ge  wi t h t he  nee d to l ower  t he  le ve l s  of  ene r gy c ons umpt ion a nd re duc e 
l a ndsc a pe  a nd envi r onme nta l  i mpa c t s , s uch as  soli d wa s t e , s e wa ge  a nd wa t er  us e . In a  re gi on 
t hat  i s  a  unique  e xa mpl e  of  t he  ba la nc ed r el at i ons hi p be t we en huma n a c ti vi t y a nd na t ur e , vi si -
t or s wi ll  mos t  proba bl y t e nd t o se tt le  i n t he  mos t  s ust a ina bl e f ac il it ie s . 
De s pit e  t hat  we  don't  know n t he  r at i o bet we e n t he  t ouri s ts  de ma nds  of  c omf ort  a nd f i na l  c on-
s umpt i on of  r es ourc e s , t he r e s ul t  of  i ndi vi dua l  s ma l l  de c i si ons  i n a rc hit e ct ur e  to sa t is f y t hes e  r e -
qui re me nt s  ar e  re fl e ct e d e xpone nti al l y i n t he  e nvi r onme nt al  indic a tor s of  t he  t our is t  re gi on. 
2 DOURO REG ION  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  1 .  M a p  o f N o r th ( c la ssi fic a tio n o f te r r ito r ia l un its fo r  sta tist ic s –  N U T  I I )  a nd  E ntitie s:  
D o ur o  Rive r ; N o r th Re gio ns N U T  I I I ; I nte r na tio na l D o ur o  a nd  Ág ue d a  V a lle y; Alto  D o u r o  W ine  Re gio n; 
I nte r mun ic ip a l P la n fo r  La nd  U se  P la nni n g o f the  Alto  D o u r o  W ine  Re gio n; Ar e a s o f r e s p o nsib ilit y o f the  
D o ur o  T o ur is m a nd  Re g io na l T o ur ism E ntit y fo r  P o r to  a nd  no r the r n P o r tuga l; D o ur o  Re gi o n –  N U T II I . 
 
M uc h i s  ye t t o be  done  i n t he  Dour o Re gi on, re ga r ding t he  gr owt h of  c onst r uc tion f or  touri s m 
pur pose s , j ust if i ed by ke y f a ct ors  of  Port uga l  di ff e re nt i at ion. T her e  a re  c le ar  i nt ent i ons  of  pr o-
mot i ng t our is m, i n or de r to s ti mul a t e r ur al  de ve l opme nt  a nd f i ght  de s er ti fi ca ti on, s ta te d in the 
Na t i ona l  St r at e gy f or  Sus ta i na bl e  De ve l opme nt  a nd in a l l  se c tor al  pol i ci es  r e ga r di ng t he  Con-
s e r va ti on of  Na tur e  a nd Biodi ve r si t y ( Zor ri nho, 2005). It  i s  t hough ma nda t or y t o know t he  s pe -
c i fi ci t y of  t hes e  r e gi on a nd s ub-r e gi ons  t o s us t ai n t he  i nte r ve nti ons  i n t he  nea r  f ut ur e. Fi gur e  1 
pr e te nds t o gi ve  a n ove r vi ew t o t his  r e gi on i n t er ms  of t er ri t or ia l c ompa r t me nt  a nd i ns ti t ut i onal  
or ga ni za t ion t ha t  s ha r es  t he  Dour o ri ve r  a s  t he  ma i n c ommon a nd uni f yi ng e l eme nt . T he  s ub-
r e gi on Al t o Dour o V i nha tei r o, r ec ogni ze d for t he  V i ne ya r d of Por t o Wi ne , i s a Une s c o W or l d 
He r it a ge  Si te  a nd one  exampl e  of  a  s uc c es s ful  re la tions hip be t wee n huma n e c onomi c  a c t i vit y,  
a nd de ma ndi ng na t ur a l  e l eme nt s . T hi s  re gi on ha s  cr it i ca l  cha ra c te ri st i cs  of  f r agi l e  wa t er  r e -
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s our ce s , t hough i t s  pr oxi mi t y t o a n a ppa r e ntl y s t a bl e  ri ve r . Fur t he r  upst re a m t he  " Int e r nat i onal 
Dour o is  a n or ogr a phi c  encl a ve  f or me d by t he  Ri ve r  Dour o a nd it s  t ri buta r y t he  Águeda, na t ur al 
bor der  be t wee n Port uga l  and Spa i n, ha s  uni que  c ha rac t er i sti c s  i n te r ms  of  ge ol ogy a nd c l i ma t e , 
a f fe c ti ng c ommuni t i e s  of  pl a nt s  a nd a ni ma l s , i ncl udi ng bi r ds , a nd the  a ct ual  huma n a c t i vi -
t i es ” ( ICN, 2007) . Thi s  pa rt ic ul ar  a re a  wa s  re c ogni ze d as  Na t ura l  Par k i n 1996 ( RCM , 1996)  a nd 
c r oss e s  t hre e  NUT III r e gi ons , s ta rt i ng f r om Douro, c onti nues  t o t he  Nort hea s t i nt o t he  Alto 
Trás-os-Montes a nd s tr et che s  Sout hea st  the  Centro NUT III r e gi on. Se ve r al  othe r  e nti ti e s, not  
l i st e d on figure 1, ha ve  ge ne r al  t er rit ori al  ma na ge me nt  a nd t ouri s m s pe c if ic  s kil l s  f or  a  r e gi on 
t hat  has  a wi de  di ve r si t y of  la ndsc a pe, mor phol ogy, ge ol ogy, c l i ma t e , de mogr a phi c a nd s oci o-
e c onomi c  cha ra c te ri st i cs . For e st r y a nd a gr ic ult ure  a r e r e le va nt  ec onomi c  a c ti vi ti es  i n t he  r e gi on, 
bot h f or  i ts  hi st or i ca l  a nd c ont e mpor a r y s i gni fi ca nc e . T hough t he  i ndust ri al  a nd te r ti ar y a c t i vi -
t i es  a nd t ouri s m s e r vi c e s  ar e  s e ct or s  t ha t  s houl d l e a d t he  e c onomi c  f ut ur e  Douro r e gi on, onl y 
wi t h al l  vi gor ous  s ec t or s  c an t he  r e gi on ef fe c ti ve l y s e t  t he  popul at i on. Da t a  re ve a ls  t hat  M uni c i -
pa li ti e s  wi t h posi ti ve  de mogr a phi c  t re nds  ha ve  i n common t he  e xis t enc e  of  al te r na t i ve  ac ti vi t ie s 
t o t he  pri ma r y s e c t or  due t o t he  poss i bil it y of  obta i ni ng be t te r  wa ge s  a nd the  e xi st e nc e  of  a 
gr e a t er  di ve r s it y of  e mpl oyme nt  opport uni ti e s , e nabli ng t he  inc or pora ti on of  young pe opl e wi th 
hi ghe r  e duc at i on l e ve ls  mor e  he te r oge ne ous  t ha n i n r ura l  s oc ie ti e s . 
Re c e ntl y publ is he d PROT-N ( Nor t h Re gi onal  Pl an f or  T er ri tor y Pl a nni ng)  r e c omme nds  t he 
a dopti on of  a  wi de  r a nge  of  pr inc ipl es  a nd gui del ine s  f or  st ra t e gi c  opti ons  a nd ope r at i ona l  ob-
j e ct i ve s  se t  f or  t he  pr ot e ct i on, r e -qua l if ic at i on, e nhanc e me nt  a nd ma na ge me nt  of  wa te r  r e -
s our ce s , es pec i all y by i t s  gr e a t  r e le va nc e  f or  r e gi onal  de ve l opme nt . The  ma i n goa ls  a r e  t o e ns ur e 
t he  ma na ge me nt  of  ba s in wa t e r r es our c es , st re ngt hen Ibe r i a n cooper at i on i n wa t e r r es our c es  
f i el d, a nd t o pr omot e  s oc i o-e c ono mi c  e nr i chme nt  of rive r s i de ar e a s, t hr ough a ct i vi ti e s r el at e d to 
na t ur e  touri s m a nd l ei s ur e , t a ki ng a dva nt a ge  of  tr a di ti onal  hydr a ul i c  he ri ta ge  a nd c ult ura l  va l -
ue s . T hi s  doc ume nt   r ef er s t o T our i s m, a s  a  t ra ns ve r sa l  ac ti vi t y wi t h st rong t e rr it ori al  i mpa c t, 
t hat  i nt er a ct s  a nd de pe nds  on s e ve r al  f a ct ors  f or  i ts  e conomi c , s oci a l a nd e nvi r onme nt a l  s us t ai -
na bil it y. T re e  f unda me nt al  a s s umpt i ons  a re  ide nt if i ed i n t he  PROT-N as  gui de s  to e ns ur e  tour -
i s m r e gi ona l  de ve lopme nt  – Exc e ll e nc e , Sust ai na bil ity, Co mpe t i t i ve nes s  a nd In nova t i on. Als o, 
r e ga r ding t he  r e gi onal  mo de l  f or  e ner gy, PROT-N r e c omme nds  t he  a dopti on of be s t  pra c ti ce s 
f or  moni tori ng a nd benc hma r ki n g t he  Re gi on. In or de r t o a ss e s s t he  pr ogr es s  in e ne r gy-
e nvi r onme nt al  s ust ai na bi li ty e a c h s ubre gi on s houl d def i ne  it s  goa l s  a nd a cti ve l y me a s ur e  t he m.  
T our is m i s  t o be  se t unde r  t i ght  r ul e s on e ner gy pe r f or ma nc e  a cc or di ng t o the  e ne r gy c e r ti fi c a -
t i on l e gi sl at i on ( SCE, 2006)  r e quir i ng t hat  t he  ne w 5-s t ar  ve nt ure s  mus t  ha ve  cl as s  A+  a nd t he 
4-s t a r  t our i s m de ve l opme nt s  s houl d ha ve  c l as s  ene r gy A or  A+ . Ot he r  PROT-N r e c omme nda -
t i ons  e mpha s i ze  the  ne e d to pr omot e r ai l i nfr a st r uc t ur e  i n t he re gi on a nd i mpr ove  i nte gr a ti on 
a nd c oor di nat i on of  publi c  tr a ns port  off er e d by t he  dif fe r e nt  ope r at ors . 
T he Douro re gi on i s  c urr e nt l y f ac i ng ma r gi na li za t i on of  i t s te rr it or y i n t he  na ti ona l  a nd Eur o-
pe a n l e ve l . T he  s oc io-e c onomi c  de c l i ne  s e ri ous l y t hr ea t e ns  t er ri t or ia l  c ohe si on i n a  r e gi on t hat 
s t r uggl e s  t o ma i nt ai n mi ni mu m l e ve l s  of  t e rr it or y oc cupa ti on a nd a cc e ss  t o l oca l  publi c  s e r vi ce s 
a nd a me ni ti es . Ac c or di ng to PROT-N, t he  ma i n c ha ll enge s  f or  t hi s  r e gi on a r e t o inc r ea s e  i ts  cr it -
i c al  ma s s  i n t e r ms  of  popula t ion, it s  a tt ra ct i ve ne ss , c ompe t i t i ve nes s  a nd it s  ca pa ci t y of  be i ng s e lf 
s upporti ve . T o r ea li ze  t he se  a mbi t i ons  i t  i s ma nda t ory t o e ns ur e  t he purs uit  of  e xc el l enc e , t he 
pr omot i on of  innova t ion a nd e nc our a ge me nt  of  pa rt ners hi ps  bet we e n publi c -s e c t or pr i va te . 
A mong t he  ma i n PROT-N St r at e gi c Gui de li ne s for  t he  Douro re gi on i s hi ghli ght e d the  ne ed 
t o s tr e ngt he n ke y e c onomi c  a nd product i ve  voc a ti ons of  t he  r e gi on, r e ar r angi ng a nd qual if yi ng 
t he  busi ne ss  ar e as  and pr omot i ng t our is m t ha t f oc us es  on l oca l voc a ti ons , r es ourc e s  a nd va l ue s , 
a s  a  maj or  ve ct or  of  de ve l opme nt .  
3 T OURIST S 
Da t a  fr om t he  De pa rt me nt  of  T ouri s m ( DGT  - t our ism i n Por t uga l , t he  ma i n sour c e  ma r ke t s , 
2001-2004) , r e ve al s  t hat  t he  t ouri s ts  who vi sit e d Port uga l  i n r e ce nt ye a r s ar e  ma inl y f r om c oun-
t ri e s  s uc h a s  Spa i n, Ger ma ny, Uni t e d K i ngdom, Fr a nc e  a nd ot her  nort her n Eur ope  c ountr ie s . 
T he  e nvi r onme nt al  a nd ecol ogi c al  a wa re ne ss  a nd the  i mpor t a nce  t hat  e col ogy ha s  on publi c  
opi ni on, i s hi gher  i n t he vi s i tor s ori gi n c ount ri e s , tha n i n t he  ge ner a l popul at ions of t he  vi si t ed 
r e gi ons . T he  " Ger ma n t ouri s ts  ha ve  a  hi ghe r  e nvi r onme nt a l  or i ent at ion t ha n t hos e  of  ot her  na -
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t i ona li ti e s, a nd mor e  tha n 50%  t a ke s  i nt o ac c ount  e nvi r onme nt a l  conc er ns  i n t he i r  de ci s ions  t o 
t r a ve l" (K aa e , 2001) . Gi ve n t hat  Port uga l  se c ond l ar ge s t s our ce  of  t our is t  i s  Ger ma ny, i n t e r ms  of 
ove r ni ght  st a ys  i n hot el s  (a bout  16.4%  i n 2004, ac c or di ng t o INE a nd DGT ) , it i s  of  e xt r e me  
i mpor t a nce  i n t he  s tr at e gi c de ve l opme nt  of  Dour o t our i s m t o c onsi der  t he  re le va nc e  gi ve n by 
t his  t ouri s ts  t o e nvi r onme nt a l  i ss ue s. M or e ove r , we shoul d not e t ha t  t his  ma r ke t  i s  de c re a si ng 
t he  a mount  of a rr i va ls  i n Por t uga l si nc e 2000, whi ch c oul d, a mong ot he r  t hi ngs , be  a  r ef le c ti on 
of  de vi a ti on t o ot he r de st ina t ions  wi t h mor e  e nvir onme nt al  a wa r ene ss  t ha n Port uga l . T he se  t our -
i s ts  a re  ma i nl y di s tr ibute d by a bout  874 Pensões  ( hos t el s ), a l ong ma ny r e gi ons  of  Nor th a nd 
Ce nt er  of  Por t uga l . In t e rms  of  nu mbe r  of  a cc ommoda ti on ca t e gor y, Hot el s  appe a r  i n se c ond 
pl a ce  wit h 563 unit s , wit h t he  r e gi ons  of  Li s bon, Ce nt e r a nd Nort h hol di ng t he  la r ge s t numbe r 
of  uni t s, wit h a bout  66%  of  t he  t ot al  of f er  ( Cos ta , 2006) . It  s houl d a ls o be  not e d t hat  2004 s a w 
a n inc re a se  ac c ommoda t i on c a pa c it y i n Ca mps i t es  3.7% , and Rur al  T our is m, mor e  5.1%  of  be ds 
t ha n 2003 ( Sil va , 2005) . 
W e  wa nt  t o know t o wha t  e xt e nt  is  t he  " ec o-e f f i ci e ncy"  f a c t or  r el e va nt  i n the  s ati s fa c ti on of 
t ouri st s  vi si ti ng t he  Dour o Re gi on?  
4 ST AT E OF T HE ART 
Ar c hit e ct ur e  a nd c ons tr uct ion, unde rs t ood a s  a  me a ns  f or  huma n s e t tl e me nt , r epre s e nt  i rr e ve r si -
bl e  t r ans for ma t i on of  t he  nat ur al  envi r onme nt . T he  gr owi ng i nt er e st  i n va r i ous  forms  of  t ouri s m, 
i n the  mos t  re c e nt  pe ri od of  huma n hi st or y, pur s ued the  i ndust ri a li za ti on and is  a s s oci at e d wi th 
t he  de ve lopme nt  of  " s par e  ti me "  c onc e pt . Si nc e  r e ce nt  e vi de nc e  of  gr owi ng gl oba l a wa r e ne s s  of 
t he  s c ar ci t y of r es ourc e s , ma n ki nd i s i nc r ea si ngl y c ommi t t e d t o re def i ni ng pr oce s s es  to re ve r se 
t he  t re nd of  i ncr e as i ng natur a l re s our c es  a nd e ne r gy c ons umpt i on. It  i s  now re qui r ed tha t tour -
i s m a r c hit e ct ur e  e ns ure s  the  s ust a ina bi li t y of  s ys te ms  i n whi ch t he y ope r at e . We  a r e  l ooki ng f or  
mode l s  of  s ust ai na bl e  de ve l opme nt  t o re c onc il e  ec onomi c  de ve l opme nt , s oc ia l  jus ti c e  and t he  
e f fi ci e nt  ma na ge me nt  of  nat ur al  r es our c es . The  WT O Gl oba l  Code  of  Et hi cs  f or  T our is m, de di -
c a t ed t he  3rd Ar ti cl e  t o the T our is m a s  a  f ac t or  for  sus t ai na bl e  de ve l opme nt . It  s ta t e s t ha t  "  All  
t he  st a ke holde rs  i n t our is m de ve l opme nt  s houl d sa f e gua r d t he  na t ur al  e nvi r onme nt  wit h a  vi e w 
t o ac hie vi ng s ound, c ont inuous  a nd s ust ai na bl e  e c onomi c  gr owt h ge a r e d to sa ti sfyi ng e qui t abl y 
t he  ne e ds  and a s pi r at ions of  pr e se nt a nd f ut ur e  ge ner ati ons" ( OMT , 1999) . Al so a s pe ci fi c  r ef e r -
e nc e  i s ma de  t o c onst ruc ti on of  i nf r as tr uct ure , whi c h “s hould be de si gne d and t our i s m a c ti vi ti e s 
pr ogr a mme d i n s uc h a  wa y a s  t o pr ote ct  t he  na t ur al  heri t a ge  c ompos e d of  e c os yst ems  a nd bi odi -
ve r s i t y a nd t o pr e se r ve  e nda nge r e d s pe ci e s  of  wil dl if e” . 
Ac c or di ng t o r ec e nt  r e por ts of  WT O, Eur ope  r e ve al s  gr owi ng i nte r es t  i n a ct i vit i es a s s oci at e d 
wi t h rur al  t ouri s m a nd di r ec t l y l inke d wi t h nat ur e . T hi s  is  a ls o pr oba bl y r e l at e d to t he  fa ct  t hat 
t he  popula ti on r e si di ng i n l a r ge  ur ba n a re a s  i s  gr owing wor l dwi de. T he  pr oporti on of  worl d's  
ur ba n popula ti on should gr ow up t o 60%  by 2030, acc or di ng t o t he  i nf or ma t ion s e r vi c es  of  t he 
Uni t e d Na ti ons  ( UN, 2005). 
T our is m i s  now gl oba l l y unde r st ood as  det e r mi na nt  t o e c onomi c  a nd s oc ia l  de ve lopme nt . Na -
t i ons  suc h a s  Swede n a nd Fi nla nd, a lr e a dy e nj oy t he  r e s ul ts  of  c ohe re nt pol i ci es  t o i mpr ove  e n-
vi r onme nt a l  i ndic at ors , pres e nti ng t he  wor l d’ s  hi ghe st  l e ve ls  of  de ve l opme nt  ( Es t y, 2006) . In 
Por t uga l , we  s ee  a mbi t i ous pr e s e nt at i ons  of  doc ume nts  s uc h a s  Gui de li ne s  of  t he Na t i onal  St ra -
t e gi c  Pl an f or  T ouri s m ( M E I, 2006)  a nd t he  Li s bon St r at e gy. T he re  we  c a n fi nd e xpli ci t  int en-
t i ons  t o " a cc el e ra te  T our ism gr owt h"  a nd f ol l ow a  s us t ai na bl e mode l , al ong with t he  des ir e t o 
pr omot e  " a gr ic ult ur a l  a nd for e st r y poli ci e s  t hat  r ec onci l e  t he  pr oduc ti ve  a c ti vi t ie s, s e r vi c es , na -
t ur e c ons e r va ti on, t he  s us ta i na bl e us e of  na tur al  r e sour c es  a nd prot ec ti on of  the  la nds ca pe" . 
T hes e  poli ti c al  c ommi t me n t s  t o "a c ce l er at e  gr owt h"  s houl d be  re pla c e d by t he  desi r e  t o " c ons o-
l i da t e a nd qual if y" , not  t o fur t he r  under li ne t he  di ve r ge nc e  wit h i nt er nat i ona l a nd Eur opea n r e fe -
r e nti al  c ont e xt s . It  i s  i nc re as i ngl y " di ff ic ult  t o s upport  t he  cl a i m t ha t  s us ta i na ble  de ve l opme nt  i s 
c onti nuous  e c onomi c  gr owt h"  ( Pa rt idá ri o, 1997) . Doubt s  a s  t o the  pr ope r  i mpl e me nt at ion i n t he 
f i el d of  s ust a ina bl e  pl a nni ng pol i ci e s , a re  st il l fe d by re port s  i ndi c at i ng tha t 63%  of  al l ne w t our -
i s m pr oj e ct s  f or  t he  Al ga rve  ( Sout h of  Port uga l) , wi ll  be  i n Pr ot ec t ed Ar e as . Mor e ove r , the s e 
" de ve l opme nt s"  whe r e only pr e s e nt e d a s "f i ve -s t a r  hot el s " ( Ros a ,2007) . If  doubt s  a ri s e a t the 
l e ve l  of  c hoos ing t he  mos t  s us ta i na ble  loc al i za ti on, mor e  unc er t ai nt i es  li e  on the e f fe ct i ve  c on-
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s t r uc ti on of  t he s e  t our is m bui ldi ngs  t ha t  a r e  l i ke l y t o be  c a ught  by t he  Vi ci ous  Ci r cl e  of  Bl a me 
( Ca dma n, 2000)  r e pr e se nted i n fi gur e  2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2 .  T he  V ic io us Cir c le  o f B la me ,  a d o p te d  fr o m Ca d ma n,  2 0 0 0  ( FiB RE , 20 0 8) 
 
Pa r al l e l  t o thi s ge ne ri c  re fle c ti on on r ea s ons  why bui ldi ngs  a re  hi ghl y uns us t ai na bl e , i n t he 
Por t ugue se  c ont ext  i t is  cl ea r  t hat  innova t i ve  a nd sus tai na bl e  pr oduc ts  a va il a bl e  on t he c ons tr uc -
t i on i ndus tr y t a ke  too muc h t i me  t o by a c t ua ll y us e d. To i ll ust ra te  thi s f ac t , t he  mos t  cons ens ual 
e xa mpl e  c a n be  f ound i n the  s ma l l  numbe r  of  s ol ar  pa ne ls  f or  dome s t ic  hot  wa t er  i nst al le d in 
Por t uga l , whe n c ompa r e d to t he r es t  of  Eur ope a nd l oc a ti ons wi th le s s  Sun ra dia ti on. Eve n wit h 
r e c ent  gove r nme nt  dir e ct  inc e nti ve s  of  a bout  50%  of  t ota l  i nve s t me nt  ne c e ss ar y f or  a c qui ri ng a 
s ol ar  wat er  he a ti ng s ys t e ms  (M e di da Sola r T é r mi c o 2009)  t hat  s i gnif i ca ntl y r ai se d the  numbe r  
of  i nst al la ti ons , de ma nd f or t hi s  ef fi ci e nt  pr ove n t ec hnol ogy c ont i nues  ve r y l ow. Pos s ibl y, s ome  
ot her  r ea s ons  t ha t  bl oc k i nnova t i on and s ust ai na bl e  cons tr uct i on t o be  a ppl i ed spe c if ic a ll y t o 
T our is m a r e :  st a ke holde rs  a r e  i ns ens it i ve  to a dde d va lue  of  ec o-e f f i ci e nc y a nd a re  unwi lli ng t o 
t a ke  t he  r is k of  i nnova ti ve  s oluti ons , pr e fe ri ng t he s af e t y of  c onve nt ional  s ol ut ions , ar c hit e cts 
a nd des i gne rs  i nvol ve d i n t he  c onst r uc ti on pr oc e ss e s , don’t  de al  wit h mul ti -di s c i pli nar y t e a m-
wor k;  a r c hi te ct s  and des i gne r s  una ble  to c al c ul at e  a nd c ommuni c a t e  t he  t a ngi bl e  be ne fi ts  of  s us -
t a ina bl e  bui ldi ng s ol uti ons  ove r  c onve nti onal  sol ut i ons;  hi gh i nst it uti ona l  bur ea ucra c y c ons ume s  
t oo muc h ti me  be t wee n t he s t ar t a nd c ompl e ti on of t he  pr oj ec t  wi t hdr a wi ng t he innova t i on f ac -
t or;  l a c k of e co-e f f i ci e nc y s t udi e s a ppl ie d s pe ci fi ca ll y t o t he  T our is m bui l di ngs  a nd i nfr a st r uc -
t ur e t o s us t ai n de ci s ions  f or e c o-e f f ic i ent  a rc hit e ct ur e  - t hough the re  ar e  s e ve r al  studi e s f oc usi ng 
on i mpl e me nt a ti on, ma na ge me nt  a nd moni t ori ng of  ec o-t our i s m f a c il iti e s , whe r e t he re  is  a  s o-
c i al , a nt hr opol ogi c al , e nvi ronme nt a l  or  c ul t ur al  s t udy obj e ct , ve r y l i t tl e  f oc us  ha s be e n ma de  on 
c ons tr uct ion a nd a rc hit e ct ur e  s ol ut i ons ;  a dde d va lue  and posi ti ve  di ff er e nt i at ion of  s ust ai na bil it y 
c e rt if i ca ti on i s not  ye t demons t r a t ed f or t our is m s e rvi c e s  and buil di ngs  - a t  t he  mo me nt  ( De -
c e mbe r  2009) , Por t uga l has  onl y fi ve  t our is m s e r vi ce s  ce rt if i ed by t he Communi t y e co-l a be l 
( La bel  c re at e d in 1992 a nd r e vi s e d i n 2000 by t he  Europe a n Par li a me nt )  and t hr ee  Li der A c e rt i -
f i e d Buil di ngs . 
La r ge  i nve s t me nt  pr oj e ct s  a dva nc e d f or  t he Re gi on wi ll  har dl y c ha nge  t he  busi ne s s  mode l  of 
c onve nt i onal  t our is m, de s pi t e  e xhibit i ng " gr e e n"  a mbi ti ons  and a ppl yi ng t o hi ghe r  ma r ke t  l e -
ve l s . W hil e  t hes e  i nve s t me nt s , "nor ma l l y di s pl a y s ubs t a nti a l qual it y s ta ndar ds a nd f or ma l l y 
pr e se nt  good s ust ai na bil it y i ndic a tor s  i n te r ms  of  c ons umpt i on of  wat er  r es ourc e s , e ne r gy or  
wa s t e  ma na ge me nt ” , mos t  of t en t he y ne gl e c t  s ingul a rit i es  of  t he  loc al  c onte xt  a nd t he  r e gi on on-
l y f ul fi ll s  t he  f unc ti on of  s uppor t f or  t he  touri s m a c t i viti e s  t hat  ar e  i mme di a t el y mo s t  pr ofi ta ble . 
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Dour o re gi on nee ds  t o adopt  touri st i c s ta ndar ds  ba se d on t he  c ont e mpor a r y a da pta t ions  of  the 
or i gi nal  Ec ot our i s m mode l . T he  t er m Ec ot our is m wa s  “ c oi ne d by Hé c t or  Ce bal l os -La s c ur à i n i n 
1983, a nd wa s  i nit ia ll y us e d t o de s cr ibe  nat ure -ba s e d t r a ve l  t o r el at i ve l y undi st urbe d a r ea s  wit h 
a n e mpha s i s  on e duca ti on”( Raj an, M) . Nowa da ys , Ecot ouri s m i s  s ynonymous  w i t h mode l s  of 
s us ta i na ble  t ouri s m de ve l opme nt  t hat  me e t s i n t he  pr es e nt , t he  ne e ds bot h of  t he tour is ts  a nd vi -
s i te d re gi ons , a t  t he  s a me  ti me  pr ot ec t s a nd e ns ur e s equa l  opport uni t y f or  the  futur e . T he  ma n -
a ge me nt  of  r es ourc e s  mus t  be  s uc h t ha t  t he  e c onomi c , s oc ia l  a nd ae st het i c  ne e ds  ca n be  f ulf ill ed 
whi l e  ma i nta i ni ng c ult ur al i nt e gr it y, e c ologi c a l  pr oces s e s , bi odi ve r si t y a nd a ll  sys t e ms  of  l i f e 
s upport . 
4.1 Some examples 
The subject region has no significant or consistent ecotourism proj ects established, as far as we 
have been able to perceive, nature oriented tourism accommodations are built in current standards 
and no innovative solutions are yet explored. 
T he e co/ sus ta i na ble /c ommuni t y-ba s e d t our is m, wi de ly pr e s e nt e d a s t ool  f or de ve l opme nt  of 
pour  c ount ri e s or re gi ons , ha s  i ts  ac t ua l be ne fi t s a nd e f fe c ti ve ne ss  pr ogr e s si ve l y que st ione d a nd 
de ba te d. Al though t he re  a re  ma n y e a r l y s uc c e e de d expe ri e nce s , onl y a  ha nd -f ul l  of  e xa mpl e s 
ha ve  l a s te d f or  mor e  t ha n a  de c a de  ( Lule c il er , 2009). In r e l a t i ve l y s t abl e  Oc ci dent al  c ountr ie s , 
whe r e  s oc ia l  a nd c ult ura l  i ss ue s  ar e n’ t  e xt re me l y de l i ca t e , f oc us  on e c onomi c  a nd e nvi r onme nt a l 
s us ta i na bil it y a ll ows  s ome  s pa c e f or  c re at i vi t y a nd e xpe r i me nt at ion. 
In  t hi s  c onte xt, we  woul d l i ke  t o pr es e nt  a  c ouple  of i nt er nat i ona l  i nnova t i ve  and s ys t e ma -
t i ze d s ol uti ons  t o il lus tr at e  i n wha t  ext ent  e cot ouri s m mode l s  c a n e vol ve  a nd be  re i nt e r pr et e d t o 
i nc or pora te  va l ue  i n ar e as  wi t h si mi l a r  proble ms  a nd opport uni ti e s  as  t he  Dour o r e gi on. T he  e x-
a mpl e s  wher e  c hose n onl y f or  t he  s i mpl ic it y a nd s ma l l s c al e a nd innova t i ve  a ppr oa c h, though 
a r e  not  t o be  s e en a s  a  bes t  pr a ct ic e s  or  “how t o do”  sol uti on f or  t he  Dour o r e gi on.  
 
 
 
Fig ur e  3 .  Fe a the r  D o wn Fa r m te nt la yo ut 
w w w. fe a t he r d o wn fa r m. c o m  
Fig ur e  4 .  Carré d’étoiles  3 D  C AD  si mu la tio n  
w w w. c a r r e -d e to ile s. c o m 
 
 
 
Fi gur e  3 i s a va il a bl e  on the  i nt er net  si te  of  “ Fe at he r Down Fa r m® ”  whic h i s  a  f a r me r s ' a l -
l i anc e i n t he  Unit e d K i ngdom, Hol l a nd, Be l gi um, Ge rma n y a nd Unit e d St at es  of  A me r i c a. T hi s  
on-l i ne  t our is m bus i ne ss  s tr uc tur e  i s  l oca t ed i n s el e cte d f ar ml a nd a nd r ura l  a r eas . The  Fea t he r 
Down f a r ms  pr e te nds  t o r ec r e at e  t he  r ur al  e xpe ri e nce , i n ha r mony wi t h t he  r hyt hm of  s uc h li fe . 
Ope r at i ng onl y on wor ki ng f a r ms  whe r e  t he  f ar me r s  a re  pa s si onat e  gua r di a ns  of  t he  c ountr ys i de . 
Eve r y Fe a t he r  Down fa r m ha s  it s  own s pe ci a li t y:  one  mi ght  s pe ci a li ze  i n bee f;  a not her  i n or ga n-
i c  pr oduct s;  one  mi ght  be  da i r y;  anot he r  mi ght  c ombi ne  c at tl e  wit h hor s es  or  s heep. Not  e nt er i ng 
i n a rc hit ec t ur al  or  ma r ke t i ng va l ue  j udgme nt s , t he  mode l  Fea t he r  Down fa r m t e nt , i s  de sc ri be d 
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a s  “i nc re dibl y s pac i ous  a nd c omf or t abl e” , wit h a  “ tr adi ti onal  i nte ri or s”  re c re at i ng a nc i e nt  r ur al 
l if e . T ough t hi s  busi nes s  is  not  gl obal l y pr es e nt e d as  i ndepe ndentl y e c o c e rt if ie d f ra nc hi si ng 
s t r uc t ur e , i t a i ms  t o e mpha s i ze  s it e  hi st ori ca l  s i gni fi canc e  a nd r ur a l c ons e r va ti on i s  hi gh on t he 
a ge nda . Some  f a r ms  a r e  i nt o a  Hi ghe r  Le ve l  Envi r onme nt a l  St e war ds hi p Sc he me s , a i mi ng t o 
e nc our a ge  ma n y a s pe c t s  of c ons e r va ti on. T hi s  wor k i nc l ude s  r es t or at i on of  ol d ponds , dit c he s , 
f e nce s  and hedge s  a s  well  as  c onst ruc ti ng ne w ponds  and l a ke s  t o e nc our a ge  wil dli f e ha bi ta t s of 
r a re  a nd e nda nge re d pl a nt s  a nd a ni ma l s . 
Fi gur e  4 is  the  ke y i ma ge  of  a  tot all y di f fe r ent  a pproa ch t o what  pr omot e r s  na me  a s  “ ge t  a wa y 
f r om i t al l t our is m” . T hi s “ Carré d’étoiles ” i s al s o on-l i ne  t ouri s m bus ine ss  st ruc tur e  whi c h pro-
pos e s  t he  r e di s cove r y of  night  s pe nt  i n t he  ope n ai r , t hr ough a  f or wa r d-t hi nki ng innova t i ve  t ype  
of  a cc ommoda t i on. It  i s  a  por ta ble  a nd r e ve rs i bl e s truc t ur e  se t t o be  pl a ce d i n a ny c ompa t i ble 
e nvi r onme nt . The  c once pt  is  de c la r ed t o be  ba se d on wi s dom a nd pe r fe c ti on, dar ing a r c hi t ec t ur e 
c ube  s ha pe d a c c ommoda t i on e mbodyi ng s t a bi li t y a nd pr obabl y a  s pac e s hi p l ike  e xpe r ie nc e. 
Ea c h “c ube”  is  hi -t e c h e qui pme nt  a nd i s pre pa re d to pr opor ti ona t e s upe r b s ky ga zi ng e xpe -
r i e nc e . Ea c h modul e  c ome s wi t h a  s ky obs e r va t i on ki t , i ncl udi ng t el e sc ope , st e ll ar c har t  a nd pe -
da gogi c  a s t r onomy ga me s . Some  c ons t r uc ti on de t ai ls  a r e  dec l ar e d as  e nvi r onme nt  f r i e ndl y, 
na me l y bi o-e t ha nol  c hi mne ys  a nd r e c yc la ble  wood st ruc t ure . 
5 T HE APPROACH 
W it hi n t he  Dour o ge ogr a phi c al  conte xt , t he s e r es e ar ch f ocus  i s  t o a nal yze  t he  arc hit e ct ura l  f ea -
t ur es  of  re gi on's  mos t  r e pre s e nt a ti ve  t ouri s m bui l di ngs , i de nt if y wha t  de fi ne s and det e r mi nes 
c omf or t  a nd s a ti sf a ct ion of  bui ldi ngs  vi si t or s a nd us er s a nd f ina ll y, pr omot e c or r ect i ve  st ra t e gi es 
f or  t he  a nal yze d bui l di ngs  al ong wi t h or ga ni ze d inf or ma t ion t o s upport  f ut ure  bui ldi ng pr oj e ct s . 
T he fi el dwor k is  bei ng pr epa r e d wit h t he  obj e c ti ve  of ga t he r ing a r c hi te ct ura l  s ur ve ys  on e ac h 
c hos e n t our is ti c  f a ci li t y. T ough Chr i s ti a n Ba umga r t ne r ( Cos ta , 2006)  s t at es  t ha t  "vi s i t or s  ar e  not 
i nte r es t ed i n s t a yi ng i n a  sus t ai na bl e  hot el  i n a  non sus t ai na bl e  r e gi on" , we  fe e l t hat  t he  s ust ai -
na bil it y i s n't  ye t  a s se s s ed nor  gua ra nte e d i n t he  buildi ng l e ve r a nd s o, t he  r e gions  sus ta i na ble  
ba l a nc e  ca n be  ir r e ve rs i bl y c ompr omi s e d.  
T he  W orl d T ouri s m Or ga ni za t i on ( Ins ke e p, 1998)  r ec omme nds  t ha t  t he  pri nci pl e s of  s us ta i n-
a bl e  touri s m de ve l opme nt  s houl d unde r go a  c a r ef ul  a na l ys i s  of  the  t our is t s  sa ti s fac t ion l e ve l s  s o 
t hat  de sti nat i ons  re t ai n t heir  popul ar it y a nd at tr a ct i ve ne s s . Tr a c ki ng t hi s  r e c omme nda ti ons  i n t he 
a r c hi te c tur al  per s pec ti ve , me a ns  t ha t  pr i ma r y f ont s  in t he  s ha pe  of  da ta  ga t he ring ne a r  vi s i t or s 
a nd us e rs  of  buil di ngs , i s  ne c e ss a r y t o mi ni mi ze  e n vi r onme nt a l  da ma ge  a nd pr omot e  t he  us e  of 
e c o-e f f i ci e nt  t ec hnique s  of c ons tr uct i on a nd de s i gn. T hi s  det a il e d dat a , c ol le ct ed f r om vi s i t or s 
a nd di r ec t us er s c ompl i es  wi t h t he pri nci pl e  of  " par tic i pat or y t ouri s m, whi c h a rgue s  t hat " s us -
t a ina bl e  t ouri s m i s r ef le c ted i n a  st ra te gy t o c onve r t the  tr a di ti onal  mode l a nd t he  i nc or por at ion 
of  ne w par a me t e rs  ma na ge me nt  ( Fr a gue ll , 1998) . T his  wi ll  pe r mi t  a  soli d s et ti ng of  s t a ndar ds 
f or  " e nvi ronme nt a l  c omf or t"  i n t he r e gi on. 
T he a mbi ti one d re s ul t , wi ll not c re at e  a nothe r a ss e ss me nt  s ys t e m of  sust a ina bl e  cons tr uct i on, 
t he  ai m of  t hi s  r e se ar c h, i s  t o fi nd c oncr et e  sol ut i ons , s t ar ti ng f r om t he  e xis ti ng s ys t e ms  a va i l a -
bl e  a nd t he  ne w dat a c ol le ct e d on s it e , i n orde r to de ve l op i ndi ca t or s t o a ss e ss  s us t ai na bl e c on-
s t r uc ti on i n t he  c ont e xt  of the  Dour o r e gi on. T his  re s ea r c h a i ms  t o pr ovi de  s pec ifi c  dat a t o i m-
pr ove  e xis ti ng me t hods  s uch a s  SBT ool , Li der A, LEED or  BREEAM  in the  spe ci fi c  a na l ys is  of 
t ouri s m bui ldi ngs . 
6 CONCLUS IONS  
T he  pot e nti a l  c onfl i ct s  or  be ne fi ts  t hat  a ri se  f r om l oca l  ve r s us  gl obal  c onst ruc tion s t a nda r ds  i s 
one  of  t he  ke y f a c t or s  t o det e r mi ne  the  out c ome  of  t he  r e gi on t ouri s ti c  suc c es s  e xtr e me l y de pe n-
de nt on t er ri t or ia l l ands ca pe  i de nti t y. Conf li ct s  c a n a ris e  due  t o sc ar c e r es our c e s a bus e a nd mi -
s us e , whe re a s  in t his  s e nse bui l di ngs  a nd pa r ti c ul ar l y t hos e  re la t ed t o t our is m us e  ha ve  i nc on-
t e st a bl y r e s pons ibil it y i f  not  prope rl y c once i ve d a nd ma na ge d. Be ne di ct s  ca n be f ound i f s ma l l  
s c a le , l oc al l y int e gr at e d t our i sti c  f a ci li ti e s whic h ar e  i n har mony wi t h t he  loc al  l a ndsc a pe  a nd 
whe r e  t ouri st s  s har e  s pa c e  wi t h hos ts  a nd s oci al  e xchange  oc c ur s ( Lul e ci le r , 2009) . 
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Sus t ai nabl e touri s m i s  a n ext e nsi ve l y pr oc la i me d st r ate gi c a ll  goa l f or  t he Douro r e gi on, t hi s 
ongoi ng wor k a nd ot he r  r ela t e d and c ri ti c al  i nve st i ga tion i s  i ndi spe nsa ble  t o provi de  va l i d i nput 
f or  l oca l  gove r na nce  dec i sions  a nd t er ri t or ia l  ma na ge me nt  t ool s. 
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1 INT RODUCT ION 
T he  LCA i s  a  t e c hni que  t ha t  e va l ua t e s  t he  i nput s  a nd out put s  of  r a w ma t e r i a l  a nd e mi s s i ons  i n 
e a c h s t e p of  t he  ma t e r i a l  l i f e , a ddi ng t he  r e s our c e  e xt r a c t i on i mpa c t  a nd t he  e mi s s i on of  
pol l ut a nt s . It s  or i gi n i s  t he  i mme di a t e  pr oduc t s  i ndus t r y ( Sonne ma nn, G., 2003)  a nd i t  wa s  
a da pt e d t o t he  e nvi r onme nt a l  bui l di ng e va l ua t i ons . Howe ve r , t he  c ons t r uc t i on pr oc e s s , us e  a nd 
de mol i t i on of  t he  bui l di ngs , i s  s t i l l  a r t i s a na l , a nd t he r e  i s  no pr e c i s e  i nf or ma t i on on t he  i nput s  
a nd out put s  of  r e s our c e s  a nd e mi s s i ons . T he  a bs e nc e  of  da t a ba s e  of  Br a zi l i a n ma t e r i a l s  ma ke s  
t he  us e  of  LCA s of t wa r e , c r e a t e d i n ot he r  c ount r i e s  di f f i c ul t , be c a us e  t he s e  a r e  s uppl i e d by 
l oc a l  da t a ba s e s  or  s i mi l a r . Cons i de r i ng t hi s  di f f i c ul t y, t he  que s t i on i s  how t o t r a ns f or m t he  
r e s ul t s  of  a n LCA a s  pr e s c r i be d i n ISO 14040 s e r i e s  i n da t a  unde r s t a nda bl e  t o a r c hi t e c t s , 
r e s pons i bl e  f or  t he  s e l e c t i on of  bui l di ng s ys t e ms . T he  f a c i l i t y of  us i ng t he  s ys t e m a nd 
unde r s t a ndi ng of  t he  r e s ul t s  a r e  c ons i de r e d c r uc i a l  i n t he  us e  of  t he  LCA f or  s e l e c t i ng bui l di ng 
s ys t e ms . 
T o a ns we r  t hi s  que s t i on, i t  wa s  s e l e c t e d a  bui l di ng whi c h wa s  pr e pa r e d a n or ga ni gr a m of  
pe r c e i ve d e nvi r onme nt a l  i mpa c t . 
2 DEV ELOPM ENT  
Nowadays, the use of LCA in the construction industry is based on the analysis of each material 
used in the construction system. T he  r e s ul t  of  t hi s  e va l ua t i on i s  t he  s um of  pa r t i a l  r e s ul t s  of  e a c h 
ma t e r i a l . Howe ve r , a  bui l di ng i s  f or me d by c ons t r uc t i ve  s ys t e ms  t ha t  a r e  c onne c t e d, f or mi ng 
t he  whol e . As  a  huma n body:  e a c h s ys t e m wor ks  t hr ough t he  f unc t i oni ng of  or ga ns  a nd t he i r  
c onne c t i ons , a nd t he  whol e  i s  f or me d by a l l  t he  s ys t e ms  a nd t he i r  i nt e r f a c e s . T he  f a i l ur e  of  one  
of  t he m i nt e r f e r e s  i n t he  whol e  f unc t i on. Li ke wi s e  i s  t he  bui l di ng:  i t s  ope r a t i on de pe nds  on t he  
i nt e gr i t y of  e a c h bui l di ng s ys t e m, whi c h c ons i s t s  of  ma t e r i a l s , c onne c t i ons  a nd i nt e r f a c e s . For  
t hi s  r e a s on, t he  pos i t i ve  out c ome  of  t he  e va l ua t i on of  ma t e r i a l s  doe s  not  gua r a nt e e  t ha t  a  
bui l di ng s ys t e m c ompos e d of  t he s e  ma t e r i a l s  i s  a l s o pos i t i ve . T he  a ppl i c a t i on, a s s e mbl y f or m 
a nd us e  of  e qui pme nt  i n t he  bui l di ng s ys t e m modi f y i t s  e nvi r onme nt a l  pe r f or ma nc e . 
Lif e C ycle As s es s men t o f  co n s tru ctiv e materials  –  a q u alitativ e 
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ABST RACT :  T hi s  wor k c onc e r ns  wi t h t he  Li f e  Cyc l e  As s e s s me nt  ( LCA)  of  c ons t r uc t i ve  
ma t e r i a l s  s t a r t i ng f r om t he  a na l ys i s  of  a  s t e e l  c ons t r uc t i on bui l di ng. T he  a i m i s  t o f i nd a  
LCV  r e pr e s e nt a t i on whi c h wi l l  be  a bl e  t o c ommuni c a t e  t he  e nvi r onme nt a l  pe r f or ma nc e  i n a  
mor e  e f f e c t i ve  wa y t he  c ons t r uc t i ve  s ys t e ms  f or  de s i gne r s . Some  me t hodol ogi e s  a nd pos s i bl e  
t ool s  of  LCA we r e  s t udi e d a nd one  of  t he m wa s  a da pt e d c onc e r ni ng c ommuni c a bi l i t y of  t he  
r e s ul t s . T he  r e s ul t  i s  a n or ga ni gr a m t ha t  i ndi c a t e s  t he  ma t e r i a l  e nvi r onme nt a l  pe r f or ma nc e  f or  
e a c h c ons t r uc t i ve  s ys t e m, c ons i de r i ng t he  c ove r e d a s pe c t s  i n t he  Li f e  Cyc l e  As s e s s me nt  of  t he  
ABNT  NBR ISO 14040:  2004. 
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There are researches focused at the evaluation of the impact of the manufacturing of the materials 
in Brazil, but data are scarce when it comes to materials us e d i n c ons t r uc t i on ( Soa r e s , S. R., e t  a l , 
2006). The creation of a national database of the life cycle of products is the goal of several 
research groups, but it is an extensive work for the urgency in the selection of sustainable building 
systems. T he  a i m of  t hi s  wor k i s  t o s how c l e a r  r e s ul t s  of  t he  e nvi r onme nt  pe r f or ma nc e  of  t he  
ma t e r i a l s  a nd c ons t r uc t i ve  s ys t e ms  t o c ons t r uc t i on i ndus t r y pr of e s s i ona l s , i n t he  pr oj e c t  s t e p or  
dur i ng t he  e xe c ut i on of  t he  wor k. 
2.1 Materials and methods  
T he  c hos e n bui l di ng i s  t he  ba s i s  f or  de f i ni ng t he  pa r a me t e r s , l i mi t s  a nd bounda r i e s  of  t he  
f unc t i ona l  uni t  t o be  us e d. T hus , t he  l i mi t  of  t he  f unc t i ona l  uni t  i s  a  bui l di ng wi t h a  t ot a l  a r e a  of  
1575.00 m² , de pl oye d i n La goa  do Pi a u, a n e nvi r onme nt a l  pr ot e c t i on a r e a , l oc a t e d i n Ca r a t i nga , 
M i na s  Ge r a i s , Br a zi l . 
T he  i ni t i a l  c hoi c e  of  Pi a u Bui l di ng a s  t he  ba s i s  f or  t he  f unc t i ona l  uni t  i s  j us t i f i e d by t he  
di s c our s e  of  s us t a i na bi l i t y, whe r e  t he  a r c hi t e c t , Syl vi o de  Pode s t á , a c t s  us i ng t he  c onc e pt s  of  
r e duc i ng, r e us i ng a nd r e c yc l i ng t o s e l e c t  t he  c ons t r uc t i ve  s ys t e ms  a nd  c onc e pt s  of  bi oc l i ma t i c  
a r c hi t e c t ur e , a s  ve nt i l a t i on a nd na t ur a l  l i ght i ng ( Fi g. 1) . 
T he  a r c hi t e c t ur a l  pr oj e c t  wi t h t hi s  de pl oyme nt  de f i ne s  t he  l i mi t s  of  t he  f unc t i ona l  uni t . T o 
de f i ne  t he  pa r a me t e r s  i t  wa s  obs e r ve d t he  c ons t r uc t i ve  s ys t e ms  t ha t  t a ke  pa r t  of  t he  or i gi na l  
bui l di ng, whi c h a r e :  
− i nt e r na l  s e a l i ng s ys t e m:  dr ywa l l ;  
− e xt e r na l  s e a l i ng s ys t e m:  a ut oc l a ve d a e r a t e d c onc r e t e  pa ne l s ;  
− c ove r  s ys t e m:  me t a l  t i l e  wi t h pol yur e t ha ne  s a ndwi c h +  c r a t e  of  c ol d-f or me d s t e e l ;  
− s t r uc t ur a l  s ys t e m:  c ol d-r ol l e d +  s l a b wi t h e mbe dde d me t a l l i c  mol d. 
Ba s e d on t he  c ha r a c t e r i s t i c s  of  t he s e  s ys t e ms , s ubs t i t ut i ons  c a n be  ma de . T he  de f i ni ng 
c ha r a c t e r i s t i c s  of  t he  pa r a me t e r s  we r e  ba s e d on s t a nda r ds  s e t  by ABNT  NBR 15.575: 2008 f or  
e a c h of  t he  c ons t r uc t i ve  s ys t e ms . T he s e  r e qui r e me nt s  a r e  de s c r i be d be l ow:  
− i nt e r na l  s e a l i ng s ys t e m:  f i r e  f i ght i ng pe r f or ma nc e , t he r ma l  pe r f or ma nc e , a c ous t i c  
pe r f or ma nc e , dur a bi l i t y a nd ma i nt a i na bi l i t y, f unc t i ona l i t y ( i nt e r a c t i on wi t h door s  a nd 
wi ndows )  s i mi l a r  t o dr ywa l l ;  
− e xt e r na l  s e a l i ng s ys t e m:  s t r uc t ur a l  pe r f or ma nc e  ( pr oduc t i on of  c r a c ks ) , a i r t i ght ne s s , f i r e  
f i ght i ng pe r f or ma nc e , t he r ma l  pe r f or ma nc e , a c ous t i c  pe r f or ma nc e , ma i nt a i na bi l i t y a nd 
f unc t i ona l i t y ( i nt e r a c t i on wi t h door s  a nd wi ndows )  s i mi l a r  t o a ut oc l a ve d a e r a t e d c onc r e t e  
bl oc k;  
− c ove r  s ys t e m:  s t r uc t ur a l  pe r f or ma nc e  ( s t r e ngt h a nd de f or ma bi l i t y) , f i r e  s a f e t y, s a f e t y i n us e  
( s l i p a nd di s pl a c e me nt  of  pa r t s ) , a i r t i ght ne s s , t he r ma l  pe r f or ma nc e , a c ous t i c  pe r f or ma nc e  
a nd ma i nt a i na bi l i t y s i mi l a r  t o s a ndwi c h t i l e , ha vi ng ve r y s i mi l a r  we i ght  t o s a ndwi c h t i l e  
wi t h pol yur e t ha ne  c or e ;  
− s t r uc t ur a l  s ys t e m:  s t a bi l i t y a nd s t r uc t ur a l  s t r e ngt h a nd f unc t i ona l i t y ( i nt e r a c t i on wi t h s e a l i ng)  
s i mi l a r  t o t he  l a mi na t e d pr of i l e  a nd s l a b wi t h e mbe dde d me t a l l i c  mol d. 
 
 
 
Figur e  1  –  So uth Fa c a d e  with gla z ing a nd  p r o te c te d  p la ns  
Portugal SB10: Sustainable Building Affordable to All
78
  
 
T he  bounda r i e s  of  t hi s  s t udy a r e  f r om t he  t r a ns por t a t i on of  r a w ma t e r i a l s  t o t he  c ons t r uc t i on 
s i t e  t o t he  di s pos a l  or  di s ma nt l i ng of  c ompone nt s . T he  us e f ul  l i f e  of  t he  s ys t e ms  i s  a c c or di ng t o 
t he  dur a t i ons  pr ovi de d by ABNT  NBR 15575: 2008. Ac c or di ng t o t hi s  r ul e  ( Fi g. 2) , t he  
s t r uc t ur a l  a nd i nt e r na l  s e a l i ng s ys t e ms  mus t  ha ve  a  mi ni mum us e f ul  l i f e  of  40 ye a r s , but  t he  
i nt e r na l  ve r t i c a l  s e a l i ng a nd t he  c ove r  s ys t e ms  mus t  ha ve  a  mi ni mum us e f ul  l i f e  of  20 ye a r s . 
T hus , i t  wi l l  be  pr ovi de d t wo l i f e  c yc l e s  of  i nt e r na l  ve r t i c a l  s e a l i ng a nd of  c ove r  t o ge t  t he  
c ompa t i bl e  r e s ul t  of  t he  bui l di ng s ys t e m a s  a  whol e . T he  a s s e s s me nt  wi l l  be  ma de  f r om t he  
pr oduc t i on of  c ompone nt s  s t a ge , t hr ough t he  us e  a nd ope r a t i on, a nd e ndi ng wi t h t he  di s pos a l  of  
t he  bui l di ng. 
T he  pr opos e d me t hod s t a r t s  i n t he  pl a nne d bui l di ng, whi c h s houl d be  e va l ua t e d i n t wo wa ys :  
t he  hi s t or y of  c ons t r uc t i ve  s ys t e ms  a nd t he  di s ma nt l i ng of  t hi s  bui l di ng ( Fi g. 3) . T hus , i t  i s  
di s me mbe r e d i n c ons t r uc t i ve  s ys t e ms  a nd c ompone nt s  a r i s i ng t he  di s ma nt l i ng of  t hi s  bui l di ng, 
i n ot he r  wor ds , t he  pa s t  a nd t he  f ut ur e  of  t he  bui l di ng i s  i nve s t i ga t e d.   
In t he  hi s t or i c , or  “ c r a dl e ”  of  t he  bui l di ng, e a c h one  of  t he  c ons t r uc t i ve  s ys t e ms  i s  f or me d by 
c ompone nt s  t ha t  a r e  de s c e nda nt  of  pr oc e s s e s . T he s e  a r e  ma nuf a c t ur i ng, t r a ns por t a t i on, 
a s s e mbl y, di s pos a l  pr oc e s s e s  - s hown i n f i gur e  3 a s  “ Pr oc e s s  yn”  - whe r e  e a c h one  r e qui r e s  
r e s our c e s  ( i nput s )  a nd e mi s s i ons  ( out put s ) . T he s e  i nput s  a nd out put s  a r e  l i nke d t o t he  pr oc e s s  
by da s he d a r r ows  t ha t  i ndi c a t e  t he  a mount  us e d ( l i t t l e , r e a s ona bl e  or  ve r y) . In e a c h c a s e , t he  
e mi s s i ons  a nd t he  us e  of  r e s our c e s , whe t he r  ma t e r i a l  or  e ne r gy, a r e  i de nt i f i e d by i nput s  a nd 
out put s  a r r ows . 
Obs e r vi ng t he  f i gur e  3, i t  i s  not i c e d t ha t  i n t he  wa y of  t he  hi s t or y of  t he  c ons t r uc t i ve  s ys t e m, t he  
l a s t  f r a me  of  t he  or ga ni gr a m r e f e r s  t o t he  i nve nt or y of  t he  “ X  Compone nt ” , t he  i nve nt or y of  a  
c ons t r uc t i ve  ma t e r i a l , whi c h i s  out s i de  of  t he  l i mi t s  of  t he  e va l ua t i on pr opos e d i n t hi s  pa pe r . 
In t he  s t e p of  us e  a nd ope r a t i on wi l l  be  a s s e s s e d r e qui r e me nt s  r e l a t e d t o t he  bi oc l i ma t i c  
s t r a t e gi e s , whi c h a r e  de s c r i be d t hr ough t he  us e  of  e ne r gy r e s our c e s , us e  a nd ma na ge me nt  of  
wa t e r  a nd e ne r gy, ma i nt a i na bi l i t y of  c ons t r uc t i ve  s ys t e ms , de s c r i be d by t he  c ons umpt i on of  
ma t e r i a l  r e s our c e s  f or  r e pa i r s  a nd r e pl a c e me nt  a nd t he  pe r f or ma nc e  of  t he  c ons t i t ue nt  ma t e r i a l s  
of  t he  s ys t e m, r e ga r di ng t he  i s s ue  of  a i r  pol l ut a nt s  ha r mf ul  t o huma n he a l t h, t he  t he r ma l  
pe r f or ma nc e  a nd a i r t i ght ne s s . 
 
 
 
Figur e  2 : U se ful life  o f the  p r o j e c t p r o vid e d  b y N B R 1 5 5 7 5 .  Ad a p te d : AB N T  N B  1 5 5 7 5 :2 0 0 8  
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Figur e  3  –  M e tho d o lo gy mo d e l b a se d  o n LCA - ne w p r o p o sa l 
 
For  t hi s  pur pos e , t he  a r c hi t e c t ur a l  pr oj e c t , s ol a r  or i e nt a t i on a nd di r e c t i on of  t he  domi na nt  wi nds  
wi l l  be  obs e r ve d. St r a t e gi e s  f or  r e us e  of  wa t e r  wi l l  be  c ons i de r e d a nd c ount e d pos i t i ve l y i f  t he y 
e xi s t . As  f or  ma i nt a i na bi l i t y, t he r ma l  pe r f or ma nc e  a nd a i r t i ght ne s s , i t  wi l l  be  us e d a s  a  
r e f e r e nc e  t o NBR 15575: 2008, whi c h de s c r i be s  pr oc e dur e s  f or  a s s e s s i ng t he s e  r e qui r e me nt s . 
In t he  di s a s s e mbl e , or  “ t omb” , t he r e  i s  t he  pos s i bi l i t y of  di s ma nt l i ng t he  bui l di ng i nt o 
c ompone nt s  a nd t he  f i na l  de s t i na t i on of  e a c h one . T he s e  c ompone nt s  c a n, i n t ur n, s pl i t  i nt o t wo 
de s t i na t i ons  s i mul t a ne ous l y or  ha ve  t wo c hoi c e s  of  de s t i na t i on. In f i gur e  3, t he  r e pr e s e nt a t i on 
of  t he  out put  l i ne s  of  t he  “ X n Compone nt ”  i ndi c a t e s  t ha t  t hi s  ma y ha ve  t he  “ f i na l  de s t i na t i on 1”  
or  t he  “ f i na l  de s t i na t i on 2” . In t he  c a s e  of  “ X m Compone nt ” , t he  out put  l i ne  of  t hi s  f r a me  
i ndi c a t e s  t ha t  t hi s  ha d t he  “ f i na l  de s t i na t i on 1”  a nd t he  “ f i na l  de s t i na t i on 2” , s i mul t a ne ous l y. 
T he  r e s ul t  of  t hi s  pr opos e d me t hodol ogy i s  a n or ga ni gr a m whe r e  t he  qua nt i t i e s  of  e mi s s i ons  a r e  
i ndi c a t e d by t hi c k t ha t  r e l a t e  t o l i t t l e , r e a s ona bl e  or  ve r y. It  i s  s t i l l  a  s ubj e c t i ve  c l a s s i f i c a t i on, 
but  t r yi ng t o pr e s e nt  s i mpl e  r e s ul t s  t o be  us e d by t he  pr of e s s i ona l  who doe s  not  ha ve  a ny 
knowl e dge  of  t he  c a t e gor i e s  of  e nvi r onme nt a l  i mpa c t  pr opos e d by i nt e r na t i ona l  or ga ns . 
T hus , i t  i s  be l i e ve d t ha t  t he  f or ma t  of  c ha r t  f a c i l i t a t e s  i nt e r ve nt i on by t he  de s i gne r , be c a us e  i t  i s  
e a s y t o i de nt i f y t he  l oc a t i on of  t he  he a vi e s t  pos s i bl e  e nvi r onme nt a l  i mpa c t s  a nd i t  i s  pos s i bl e  
t he  r e pl a c e me nt  of  bui l di ng s ys t e ms  t o mi ni mi ze  t he s e  i mpa c t s . 
2.2 The life cicle assessment of the building piau 
Ac c or di ng t o t he  me t hodol ogy de s c r i be d a bove , t he  a s s e s s me nt  of  Bui l di ng Pi a u be ga n a t  t he  
bui l di ng i n us e  a nd ope r a t i on t owa r d i t s  hi s t or y ( l i mi t e d t o t he  t r a ns por t  of  r a w ma t e r i a l s  t o t he  
c ons t r uc t i on s i t e )  a nd i t s  de mol i t i on ( l i mi t e d t o t he  t r a ns por t  of  de mol i t i on c ompone nt s  f or  
di s pos a l , r e c yc l i ng a nd r e us e ) . T he r e f or e , i t  ha s  be e n di vi de d i nt o Ext e r na l  Se a l i ng Sys t e m, 
Int e r na l  Se a l i ng Sys t e m, Cove r  Sys t e m a nd St r uc t ur a l  Sys t e m. Ea c h of  t he s e  s ys t e ms  l e a d t o a  
hi s t or y a nd a  di s a s s e mbl e , a s  s hown i n f i gur e  4. 
In us e  a nd ope r a t i on, t he  bui l di ng r e qui r e s  a n a ve r a ge  a mount  of  wa t e r  f or  e ve r yda y us e , t oi l e t s  
a nd ge ne r a l  c l e a ni ng, a nd i t  doe s  not  ha ve  box a t t a c he d or  wa t e r  r e us e  s ys t e ms . T he  r e que s t  f or  
e l e c t r i c i t y i s  s ma l l , be c a us e  t he  ve nt i l a t i on a nd na t ur a l  l i ght i ng s t r a t e gi e s  wi l l  r e duc e  t he  
de ma nd f or  a c t i ve  pr ovi di ng e ne r gy. T he  a ut oc l a ve d a e r a t e d c onc r e t e  a nd dr ywa l l  ha ve  
a de qua t e  t he r ma l  i ne r t i a  t o a  hot  a nd humi d pl a c e . As  f or  i t s  ma i nt e na nc e , t he  s a ni t a r y a nd 
e l e c t r i c a l  s ys t e ms  a nd l ogi c  a r e  i ns pe c t e d unde r  t he  s t i l t s  t o a voi d t he  di s ma nt l i ng of  pa r t  of  t he  
s e a l i ng f or  ma i nt e na nc e . T he  ma t e r i a l s  us e d do not  e mi t  vol a t i l e  or ga ni c  c ompounds  ( V OCs )  
t ha t  c a us e  da ma ge  t o huma n he a l t h. 
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Figur e  4  –  O r ga nigr a m o f ge ne r a l c o nstr uc tive  syste ms o f P ia u B uild ing 
 
 
At  t he  de m ol i t i on of  t he  bui l di ng c a n be  ve r i f i e d t he  pos s i bi l i t i e s  of  di s pos a l , r e c yc l i ng a nd 
r e us e  ( Fi g. 4) . T he  a ut oc l a ve d a e r a t e d c onc r e t e  a nd t he  pl a s t e r  ma y be  di s c a r de d or  r e c yc l e d a s  
i ne r t  a ggr e ga t e s  i n c onc r e t e  a nd mor t a r . In t hi s  c a s e , t he  i mpa c t  wi l l  de pe nd on a  de c i s i on a t  t he  
t i me  of  de mol i t i on. T he  gl a s s  wool  c a n not  be  r e c yc l e d a nd i t s  di s pos a l  ha s  t o be  i n s pe c i a l  
l a ndf i l l s , be c a us e  of  i t s  t oxi c i t y. T he  woode n door s , t he  me t a l  t i l e , t he  a l umi num f r a me s  a nd t he  
gl a s s  c a n be  r e us e d wi t h l e s s  wa s t e  i f  t he  r e us e  pr oj e c t  c ons i de r s  t he  e xi s t i ng di me ns i ons . T he  
l a mi na t e d s t e e l  pr of i l e , t he  c ol d-f or me d pr of i l e  a nd t he  ga l va ni ze d pr of i l e  c a n a l s o be  r e us e d, 
but  wi t h a  gr e a t e r  ge ne r a t i on of  wa s t e , e s pe c i a l l y i n t he  l a mi na t e d s t e e l  pr of i l e  a nd t he  c ol d-
f or me d pr of i l e  t ha t  ha ve  unde r gone  a  pr oc e s s  of  we l di ng. In t he  c a s e  of  ga l va ni ze d pr of i l e s , 
whi c h a r e  s c r e we d, t he  ge ne r a t i on of  wa s t e  wi l l  be  l e s s . 
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Among t he  pr oc e s s e s  of  t r a ns por t  a nd i ns t a l l a t i on of  s ys t e ms  t ha t  t a ke  pa r t  of  Pi a u Bui l di ng, i t  
c a n be  ve r i f i e d t ha t  t he  gr e a t e s t  i mpa c t s  a r e  i n t he  e ne r gy us e d f or  a s s e mbl y of  s t e e l  s t r uc t ur e , 
bot h i n t he  c ove r  s ys t e m, a s  t he  s t r uc t ur a l  s ys t e m, whi c h i s  due  t o t he  s t r uc t ur e s  be  we l de d a nd 
not  bol t e d. Anot he r  e l e me nt  of  i mpa c t  i n t he  c ons t r uc t i on of  t he  bui l di ng s ys t e ms  we r e  t he  
a t mos phe r i c  e mi s s i ons  i n t he  t r a ns por t  of  a ut oc l a ve d a e r a t e d c onc r e t e , a s  t hi s  ma t e r i a l  i s  f r om 
t he  s t a t e  of  Sa o Pa ul o, a bout  800km a wa y of  Ca r a t i nga , M i na s  Ge r a i s . T hi s  ma t e r i a l  i s  
t r a ns por t e d by t r uc ks , whi c h me a ns  t ha t  t he  a i r  pol l ut i on i s  hi gh. T he  de ma nd f or  r e s our c e s , 
wa s  c ons i de r e d l ow. 
T hus , t he  e va l ua t i on i nc l ude d t he  i nt e r a c t i on of  t he  c ons t i t ue nt  ma t e r i a l s  of  t he  bui l di ng s ys t e m, 
s howi ng  t ha t  t he  e nvi r onme nt a l  i mpa c t  of  a  s ys t e m i s  not  t he  r e s ul t  of  t he  a ddi t i on of  LCA of  
e a c h ma t e r i a l , a nd a s s e mbl y, di s a s s e mbl y pr oc e s s e s  a nd i nt e r a c t i on be t we e n c ompone nt s  
ge ne r a t e  i nde pe nde nt  i mpa c t s  t hr oughout  t he  l i f e  c yc l e . 
3 CONCLUSION 
T he  l a c k of  da t a  a bout  pr oduc t s  of  Br a zi l i a n c ons t r uc t i on i ndus t r y i s  a  r e f l e c t i on of  l a c k of  
a wa r e ne s s  of  mor e  “ e c ol ogi c a l ”  ma nuf a c t ur i ng pr oc e s s e s . T he  s a me  ma t e r i a l  c a n ha ve  di s pa r a t e  
e nvi r onme nt a l  i mpa c t s  onl y i n a  pr oc e dur a l  c ha nge  i n ma nuf a c t ur i ng. T hi s  i s  a n obs t a c l e  t o t he  
i mpl e me nt a t i on of  LCA i n t he  c ons t r uc t i on i ndus t r y i n Br a zi l . 
Anot he r  i mpor t a nt  i s s ue  i s  t ha t , a s  t he  LCA i s  f r om i ndus t r y pr oduc t s  f or  i mme di a t e  us e , t he  
ma nuf a c t ur i ng pr oc e dur e s  a r e  f ul l y c ont e mpl a t e d i n c ur r e nt  s of t wa r e  LCA, but  t he  a s s e mbl y 
pr oc e dur e s  a nd t he  f or ma t i on of  t he  c ons t r uc t i ve  s ys t e m on t he  c ons t r uc t i on s i t e  a r e  not  
c ove r e d. T he  me t hodol ogy us e d f r om t he  de s i gne d bui l di ng a nd di vi di ng i t  i n c ons t r uc t i ve  
s ys t e ms  i s  s hown a s  a n a l t e r na t i ve  t o t hi s  ne e d. In a ddi t i on, t he  pr opos e d e va l ua t i on i nt e gr a t e s  
t he  LCA of  i s ol a t e d c ons t r uc t i ve  s ys t e ms  wi t h t he  i de a  of  a r c hi t e c t ur a l  pr oj e c t , t hr ough t he  
a na l ys i s  of  bi oc l i ma t i c  s t r a t e gi e s  a nd t he i r  c ons e que nc e s  i n t he  us e  a nd ope r a t i on of  t he  
bui l di ng. T hi s  wor k i s  t he  be gi nni ng of  t he  pr oc e s s  f or  c r e a t i ng a  t ool  f or  ma t e r i a l  s e l e c t i on 
ba s e d on c r i t e r i a  of  s us t a i na bi l i t y, but  i t  de pe nds  on t he  a wa r e ne s s  of  a l l  t he  a ge nt s  i nvol ve d t o 
e ns ur e  t he  a c c ur a c y of  t he  i nf or ma t i on pr ovi de d t ha t  wi l l  be  a na l yze d. 
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1 INT RODUCT ION 
T he  r e duc t i on of  gr e e nhous e  ga s e s  e mi s s i ons , na me l y c a r bon di oxi de  ( CO 2 ) , a nd s e c ur i t y ha ve  
be e n i de nt i f i e d by t he  Eur ope a n Commi s s i on a s  pr i or i t y a r e a s  f or  a c t i on i n or de r  t o c ompl y 
wi t h t he  K yot o Pr ot oc ol . And a bout  50%  of  t he  e ne r gy r e l a t e d t o CO 2  e mi s s i ons  de r i ve  f r om 
e ne r gy us e  i n bui l di ngs . 
T he  s t udi e s  c a r r i e d out  i n t he  ni ne t i e s  c onc l ude d t ha t  i f  a ny a c t i on wa s  t a ke n i n 2020, Eur ope  
woul d i mpor t  a bout  80%  of  t he  e ne r gy c ons ume d a nd t he  e ne r gy us e  i n bui l di ngs  r e pr e s e nt s  
40%  of  t he  t ot a l  e ne r gy c ons umpt i on i n Eur ope , f ur t he r mor e , i mpl e me nt i ng a  s e t  of  e c onomi -
c a l l y s us t a i na bl e  e f f i c i e nt  me a s ur e s , t he  pot e nt i a l  of  e ne r gy s a vi ngs  i s  mor e  t ha n 30% . 
T o ove r c ome  t hi s  s i t ua t i on, i n 2000, t he  Eur ope a n Commi s s i on i de nt i f i e d t he  ne e d t o i nt r o-
duc e  s pe c i f i c  me a s ur e s  i n t he  bui l di ng s e c t or , na me l y wi t h t he  Ene r gy Pe r f or ma nc e  Bui l di ng 
Di r e c t i ve  ( EPBD)  - 2002/ 91/ EC - wa s  publ i s he d on 16 De c e mbe r  2002. T hi s  Di r e c t i ve  pr opos -
e s  t he  a dopt i on of  c ommon me t hodol ogi e s  f or  c a l c ul a t i ng e ne r gy c ons umpt i on, qua l i t y r e -
qui r e me nt s  f or  ne w a nd e xi s t i ng bui l di ngs , pe r i odi c  i ns pe c t i on of  boi l e r s  a nd c e nt r a l  s ys t e ms  
a i r  c ondi t i oni ng, a s  we l l  a s  t he  bui l di ngs  e ne r gy c e r t i f i c a t i on. 
Por t uga l  mus t  e va l ua t e , a c c or di ng t o t he  EPBD, t he  na t i ona l  r e qui r e me nt s  f or  e ne r gy pe r f or -
ma nc e  of  ne w bui l di ngs  unt i l  2011, whi c h c a n be  a n e xc e l l e nt  oppor t uni t y t o dr a w up a  na t i ona l  
s t r a t e gy t i ght e ni ng t he  mi ni mum e ne r gy pe r f or ma nc e  r e qui r e me nt s . Re vi e ws  of  na t i ona l  bui l d-
i ng r e gul a t i ons  s houl d a l wa ys  be  s e e n a s  a n e f f e c t i ve  i ns t r ume nt  f or  a c hi e vi ng hi ghl y e ne r gy e f -
f i c i e nt  bui l di ngs . 
T he  pr e s e nt  s t udy a i ms  a t  a na l yzi ng t he  c ha nge s  t ha t  s houl d be  i nt r oduc e d i n t he  Por t ugue s e  
Re gul a t i on, “ RCCT E – Re gul a me nt o da s  Ca r a c t e r í s t i c a s  de  Compor t a me nt o T é r mi c a  dos  
Edi f í c i os ”  f or  di f f e r e nt  s c e na r i os  i n or de r  t o a c hi e ve  ve r y l ow e ne r gy de ma nds  i n bui l di ngs . 
P o rtu g u es e Th ermal B u ild in g  Leg is latio n  an d  S trateg ies  f o r th e 
F u tu re 
H. J . P . G onçal ves , M . J . N. Ol i vei ra P anão & S .M .L. C am el o 
LNEG, Lisboa, Portugal 
ABST RACT :  Por t uga l  mus t  e va l ua t e , a c c or di ng t o t he  Ene r gy Pe r f or ma nc e  Bui l di ng Di r e c t i ve , 
t he  na t i ona l  r e qui r e me nt s  f or  e ne r gy pe r f or ma nc e  of  ne w bui l di ngs  unt i l  2011, whi c h c a n be  a n 
oppor t uni t y t o de vi s e  a  na t i ona l  s t r a t e gy t ha t  t i ght e ns  t he  mi ni mum e ne r gy pe r f or ma nc e  r e -
qui r e me nt s . T he  pr e s e nt  s t udy i nt e nds  t o a na l yze  t he  c ha nge s  t ha t  s houl d be  i nt r oduc e d i n t he  
Por t ugue s e  Re gul a t i on t o a c hi e ve  hi ghl y e ne r gy e f f i c i e nt  bui l di ngs . T he  obj e c t i ve  c ons i s t s  on 
e va l ua t i ng t he  r e l e va nt  i mpr ove me nt  of  t he r ma l  e nve l ope  pe r f or ma nc e  s uc h a s  wa l l s , r oof s  a nd 
f l oor s  t he r ma l  i ns ul a t i on ( ma xi mum U-va l ue s ) , a i r  t i ght ne s s  ( ve nt i l a t i on s t r a t e gi e s )  a nd wi n-
dows  ( mi ni mum s ha di ng r e qui r e me nt s ) , he a t i ng a nd c ool i ng s ys t e ms , a s  we l l  a s  wi de r  us e  of  i n-
t e gr a t e d r e ne wa bl e  e ne r gy. T he  s t udy c ons i de r s  a pa r t me nt s  wi t h di f f e r e nt  s ha pe  f a c t or s  l oc a t e d 
i n di f f e r e nt  c l i ma t i c  zone s . T he  opt i mi zi ng me t hodol ogy ma ke s  us e  of  a  ge ne t i c  a l gor i t hm f or  
t he  e s t i ma t i on of  pr i ma r y he a t i ng a nd c ool i ng e ne r gy i nde xe s  t hr ough a  s i mpl i f i e d c a l c ul a t i on 
me t hodol ogy e s t a bl i s he d by Por t ugue s e  Re gul a t i on. 
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T hi s  s t udy i s  ba s e d on t he  RCCT E me t hodol ogy whe r e  t he  e ne r gy pe r f or ma nc e  s us t a i ns  t he  
bui l di ng e ne r gy c l a s s i f i c a t i on a nd, t he r e f or e , e ne r gy l a be l i ng. For  a n opt i mi ze d a na l ys i s  a  ge -
ne t i c  a l gor i t hm i s  us e d f or  a  l a r ge  numbe r  of  pa r a me t r i c  va r i a t i ons , i n or de r  t o f i x up t he  be s t  
s ol ut i ons  i n t e r ms  of  pr i ma r y e ne r gy ne e ds , he a t i ng a nd c ool i ng e ne r gy i nde xe s . 
2 M ET HODOLOGY 
2.1 Optimization method 
Ins t e a d of  c a l c ul a t i ng a l l  pos s i bl e  c ombi na t i ons , whi c h c a n e a s i l y r e a c h t hous a nds  of  pos s i bi l i -
t i e s  ( f or  t he  pa r a me t e r s  of  t hi s  wor k, a l l  c ombi na t i ons  woul d be  mor e  t ha n 5,000,000 f or  e a c h 
c a s e  s t udy) , a  ge ne t i c  a l gor i t hm i s  us e d. T he  me t hodol ogy c ons i s t s  of  ge ne r a t i ng a  popul a t i on 
wi t h n i ndi vi dua l s , whi c h c ha r a c t e r i s t i c s  ( ‘ ge ne s ’ )  a r e  r a ndoml y ge ne r a t e d wi t hi n de f i ne d i nt e r -
va l s . At  e a c h i t e r a t i on, f or  a l l  i ndi vi dua l s , a  f i t ne s s  va l ue  – ζ – i s  c a l c ul a t e d a nd t he  be s t  s ol u-
t i ons  a r e  s a ve d. 
Af t e r wa r ds , ge ne t i c  c r os s -ove r  or  mut a t i on, a c c or di ng t o t he  pr oba bi l i t y a s s oc i a t e d t o e a c h 
e ve nt , i s  a ppl i e d f or  t he  ‘ be s t ’  i ndi vi dua l s  wi t hi n t he  popul a t i on. Ge ne t i c  c r os s -ove r  of  e a c h 
ne w i ndi vi dua l  ( ‘ c hi l d’ )  c ons i s t  of  c ombi ni ng pa r t  of  t he  ge ne t i c  c ode  be t we e n t wo i ndi vi dua l s  
( ‘ pa r e nt s ’ )  r a ndoml y s e l e c t e d. M ut a t i on i s  obt a i ne d by a  r a ndoml y c ha ngi ng one  of  t he  ‘ ge ne s ’ . 
T he  ge ne t i c  c ode  of  a n i ndi vi dua l  i s  a  ve c t or  wi t h pa r a me t e r s , s uc h a s , wa l l s , r oof  a nd f l oor  
t he r ma l  i ns ul a t i on ( U-va l ue ) , wa l l s  a nd r oof  c ol or  ( s ur f a c e  a bs or pt a nc e ) , wi ndows  gl a zi ng ( s i n-
gl e  or  doubl e ) , t ype  of  s ha di ng de vi c e s  ( i nt e r na l  or  e xt e r na l ) , bui l di ng i ne r t i a , a i r  t i ght ne s s  ( i n-
f i l t r a t i on) , e xi s t e nc e  a nd t ype  of  s ol a r  pa ne l s  f or  dome s t i c  hot  wa t e r  ( DHW ) , t ype  of  he a t i ng 
a nd c ool i ng s ys t e ms  a nd, f i na l l y, t ype  of  DHW  s ys t e m. 
2.2 Case studies  
It  i s  not e wor t hy t ha t  t he  c a s e  s t udi e s  pr e s e nt e d i n t hi s  pa pe r , a s  we l l  a s  t he  pa r a me t e r s , a r e  us e d 
t o e xe mpl i f y t he  a ppl i c a t i on of  t he  opt i mi za t i on me t hod. T he  s a me  me t hodol ogy c oul d be  a p-
pl i e d f or  ot he r  c a s e s  whe r e a s  t he y a r e  r e s i de nt i a l , unde r  Por t ugue s e  c l i ma t e  c ondi t i ons  a nd f ol -
l owi ng Por t ugue s e  t he r ma l  c a l c ul a t i ons  f or  t he  e ne r gy i nde x, e ve n i f  ge ne r a l i zi ng t he  me t hod 
f or  ot he r  c ount r i e s  i s  e f f or t l e s s . 
T he  ba s e  c a s e  s t udy i s  a  s ma l l  a pa r t me nt  wi t h 53.5 m 2  of  f l oor  a r e a , oc c upi e d by t wo pe opl e , 
l oc a t e d a bov e  a  pa r ki ng a r e a . T he  a pa r t me nt  ma i n f a ç a de s  a r e  s out h a nd e a s t  or i e nt a t e d. T he  
s t udy c ove r s  a l s o t he  s a me  a pa r t me nt  but  l oc a t e d i n di f f e r e nt  pos i t i ons  i ns i de  t he  bui l di ng, va r y-
i ng t he  s ha pe  f a c t or  ( FF) . T he  ba s e  c a s e  ha ve  a  s ha pe  f a c t or  e qua l  t o 0.50;  t he  ot he r  c a s e s  c on-
s i s t  of  a n i nt e r me di a t e  a pa r t me nt  be t we e n t wo r e s i de nt i a l  a pa r t me nt s  ( FF =  0.34) , i n t he  l a s t  
f l oor  ( FF =  0.74)  a nd a s  a  uni que  f l oor  ( FF =  1.14) .  
W a l l s  a r e  doubl e  br i c k, mi ddl e  i ns ul a t e d wi t h e xpa nde d pol ys t yr e ne . In t hi s  s t udy, t he r ma l  
i ns ul a t i on t hi c kne s s  va r i e s  f r om 0.03 t o 0.08 m ( U-va l ue  f r om 0.57 t o 0.34 W m -2 K -1 ) . Fl oor  s l a b 
i s  a l s o t he r ma l l y i ns ul a t e d by 0.03 t o 0.10 m of  e xpa nde d c or k a ggl ome r a t e  ( U-va l ue  f r om 0.88 
t o 0.40 W m -2 K -1 ) ;  0.03 t o 0.08 m of  e xpa nde d pol ys t yr e ne  i s  us e d f or  r oof  s l a b ( U-va l ue  f r om 
0.77 t o 0.39 W m -2 K -1 ) . 
W i ndow s  a r e  s i ngl e  or  doubl e  gl a ze d, e xt e r na l l y s ha de d by r ol l e r  bl i nds  or  i nt e r na l l y s ha de d 
by s e mi -t r a ns pa r e nt  c ur t a i ns ;  s l i di ng f r a me s  a r e  i n a l umi ni um wi t hout  t he r ma l -br e a ki ng. 
V a r i a t i ons  a r e  c a r r i e d out  on he a t i ng a nd c ool i ng s ys t e ms  e f f i c i e nc y ( or  c oe f f i c i e nt  of  pe r -
f or ma nc e  f or  he a t  pumps )  s uc h a s  e l e c t r i c  r e s i s t a nc e , he a t  pump, ga s  or  f ue l  boi l e r , a bs or pt i on 
a nd c ompr e s s i on c hi l l e r s . For  DHW , ga s  boi l e r , a s  we l l  a s  e l e c t r i c  a nd ga s  s t or a ge  wa t e r  he a t e r s  
a r e  c ons i de r e d;  i n s ome  c a s e s , s t a nda r d s ol a r  pa ne l s  ( 2 m 2 )  a l s o c ont r i but e  f or  DHW  pr oduc -
t i on. 
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2.3 Parametric variations 
T hi s  s t udy a i ms  a t  s e a r c hi ng f or  t he  opt i mum s ol ut i ons  a mong s e ve r a l  pos s i bl e  c ombi na t i ons , 
e na bl i ng t he  va r i a t i on of  a  l a r ge  numbe r  of  pa r a me t e r s , a s  s ynt he s i ze d i n T a bl e  1. 
 
T a b le  1 .  P a r a me tr ic  va r ia tio ns.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
P a r a me te r s              P o ssib le  so lutio ns  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
W a ll the r ma l insula tio n,  U -va lue  ( W m - 2 K - 1 )   0 . 3 4    0 . 4 0     0 . 5 0    0 . 5 7  
Ro o f the r m a l insula tio n,  U -va lue  ( W m - 2 K - 1 )   0 . 3 9    0 . 4 5     0 . 5 3    0 . 6 6    0 . 7 7  
Flo o r  the r ma l insula tio n,  U -va lue  ( W m - 2 K - 1 )   0 . 4 0    0 . 4 7     0 . 5 7    0 . 7 5    0 . 8 8  
W ind o w U -v a lue  * ( W m - 2 K - 1 )        4 . 1 /5 . 2  ( single )   3 . 1 /3 . 9  ( d o ub le )  
P o sitio n a nd  typ e  o f sha d ing d e vic e s,  g⊥  †    0 . 1 0 /0 . 0 7  ( e xte r na l)    0 . 4 7 /0 . 4 6  ( inte r na l)  
B uild ing i ne r tia ,  c o e ffic ie nt a        1 . 8  ( light)  2 . 6  ( me d ium)  4 . 2  ( he a vy)  
Air  tightne ss,  infiltr a tio n ( ACH )       1 . 0 0    1 . 0 5     1 . 1 0  
W a ll c o lo r ,  a b so r p ta nc e          0 . 4  ( light)  0 . 5  ( me d ium)  0 . 8  ( d a r k)  
Ro o f c o lo r ,  a b so r p ta nc e          0 . 4  ( light)  0 . 5  ( me d ium)  0 . 8  ( d a r k)  
H e a ting syste m e ffic ie nc y a nd  e ne r gy so ur c e   1  ( e l. )  4  ( e l. )   0 . 8 7  ( ga s)  0 . 8 7  ( liq . )  0 . 6 0  ( so l. )  
Co o ling syste m e ffic ie nc y a nd  e ne r gy so ur c e   3  ( e l. )  0 . 8  ( e l. )  
D H W  syste m e ffic ie nc y         0 . 8 7   0 . 8 2   0 . 8 0   0 . 7 5   0 . 7 0   0 . 6 5   0 . 5 0  
So la r  p a ne ls c o ntr ib utio n to  D H W  ( kW h/ye a r )  0  ( witho ut)   7 9 4  ( fo r c e d  c ir c ula tio n)   9 4 4  ( kit)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
*U -va lue  d e p e nd s a lso  o f the  sha d ing d e vic e  ( e xte r na l r o lle r  b lind s/inte r na l c ur ta ins)  
†  g⊥   is a  func tio n o f the  gla z ing typ e  ( single /d o ub le )  
 
Fur t he r mor e , a  s e ns i t i vi t y a na l ys i s  t o e a c h one  of  t he s e  pa r a me t e r s  i s  c a r r i e d out  i n or de r  t o 
e va l ua t e  t he i r  i nf l ue nc e  i n t he  pr i ma r y e ne r gy i nde x ( Nt c / Nt ) , he a t i ng e ne r gy i nde x ( Ni c / Ni )  
a nd c ool i ng e ne r gy i nde x ( Nvc / Nv) , gi ve n by t he  r a t i o of  a pa r t me nt  e ne r gy ne e ds  ( Nxc )  a nd t he  
s t a nda r ds  e s t a bl i s he d by Por t ugue s e  l e gi s l a t i on ( Nx) , s e e  T a bl e  2. An e l i gi bl e  s ol ut i on s houl d 
ve r i f y l e gi s l a t i on r e qui r e me nt s  f or  he a t i ng e ne r gy i nde x ( Ni c / Ni  ≤  1) , c ool i ng e ne r gy i nde x 
( Nvc / Nv ≤  1) , DHW  e ne r gy i nde x ( Na c / Na  ≤  1)  a nd pr i ma r y e ne r gy i nde x ( Nt c / Nt  ≤  1) . 
In t e r ms  of  c l i ma t i c  va r i a bi l i t y, Por t ugue s e  l e gi s l a t i on de f i ne s  t hr e e  s e ve r i t y i nde x va l ue s  
( f r om 1 t o 3, whe r e  3 i s  t he  mos t  s e ve r e )  f or  bot h wi nt e r  ( I)  a nd s umme r  ( V )  s e a s ons . T he r e -
f or e , t hr e e  l oc a t i ons  a r e  c hos e n r e pr e s e nt i ng t hos e  c l i ma t i c  zone s :  Li s bon ( I1,V 2) , Por t a l e gr e  
( I2, V 3)  a nd M ont a l e gr e  ( I3,V 1) . 
 
T a b le  2 .  S ta nd a r d  he a ting,  c o o ling a nd  D H W  a c c o r d ing to  P o r tugue se  le gisla tio n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 kW h/( m 2 . ye a r )            N i        N v   N a            _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _           
Clima tic  z o ne       FF  0 . 3 4   0 . 5 0   0 . 7 4   1 . 1 4   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Lisb o a  ( I 1 ,  V 2 ) ,  So uth     5 1 . 5   5 1 . 6   6 2 . 1   7 7 . 4    3 2     4 4 . 2  
P o r ta le gr e  ( I 2 , V 3 ) ,  N o r th    7 3 . 2   7 3 . 4   8 8 . 7     1 1 1 . 1    2 6      4 4 . 2  
M o nta le gr e  ( I 3 ,  V 1 ) ,  N o r th     1 1 5 . 9     1 1 6 . 2     1 4 1 . 0     1 7 7 . 4    1 6     4 4 . 2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3 RESULT S ANALYSIS 
3.1 The ‘best’ solutions 
T he  f i r s t  goa l  of  t hi s  pa pe r  i s  s e a r c hi ng f or  t he  be s t  s ol ut i on i n t e r ms  of  pr i ma r y e ne r gy ne e ds  
f or  t he  ba s e  c a s e  s t udy a nd r e s pe c t i ve  s ha pe  f a c t or  va r i a t i ons . T he  f i t ne s s  c oe f f i c i e nt  ζ  c or r e s -
ponds  t o t he  mi ni mi za t i on of  t he  pr i ma r y e ne r gy i nde x, Nt c / Nt . 
Af t e r  s ome  ge ne r a t i ons  f or  di f f e r e nt  c l i ma t i c  zone s , we  c onc l ude  t ha t  t he  be s t  s ol ut i on i n 
t e r ms  of  c ons t r uc t i on opt i ons  f or  a l l  of  t he m s houl d be :  
 
 hi gh i ns ul a t e d wa l l s , r oof  a nd f l oor  ( U-va l ue s  of  0.34, 0.39 a nd 0.40, r e s pe c t i ve l y) ,
 wa l l s  a nd r oof  l i ght  c ol or  ( a bs or pt a nc e  of  0.40) , 
 doubl e  gl a z i ng wi ndows  wi t h e xt e r na l  r ol l e r  bl i nds  ( U-va l ue  of  3.1 a nd g of  0.07) , 
 he a vy i ne r t i a  ( c oe f f i c i e nt  a  e qua l  t o 4.2)  a nd 
 mi ni mum a i r  i nf i l t r a t i ons  ( ACH of  1.00) . 
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In t e r ms  of  s ys t e ms  f or  he a t i ng a nd c ool i ng pr oduc t i on, t he  be s t  s ol ut i on i s  a  he a t  pump 
( COP e qua l  t o 4 f or  he a t i ng a nd 3 f or  c ool i ng)  or  a  c ompr e s s i on c hi l l e r  f or  c ool i ng ( COP of  3) . 
For  DHW  e ne r gy pr oduc t i on i ns t e a d, s ol a r  pa ne l s  of  ki t  t ype  s ys t e m s houl d be  s e l e c t e d, a s  we l l  
a s  a  he a t  ga s  boi l e r  ( η =  0.87)  a s  ba c kup. 
It  c a n a l s o be  obs e r ve d t ha t  t he  pr i ma r y e ne r gy i nde x of  t he  be s t  s ol ut i ons  i s  a l mos t  i nva r i a -
bl e  f or  t he  di f f e r e nt  ge ome t r i e s  c ons i de r e d ( a pa r t me nt  s ha pe  f a c t or )  a nd c l i ma t e  c ondi t i ons ;  i n 
f a c t , pr i ma r y e ne r gy i nde x l i e s  be t we e n 0.24 a nd 0.31. 
Ana l yzi ng t he  c a s e  of  t he  a pa r t me nt  wi t h FF e qua l  t o 0.50 ( no e xt e r na l  r oof )  a t  Li s bon;  
Nt c / Nt  of  t he  opt i mum s ol ut i on i s  0.24, i .e . a  bui l di ng t ha t  onl y c ons ume s  24%  whe n c ompa r e d 
t o a  s t a nda r d bui l di ng ( A +  i n t e r ms  of  bui l di ng l a be l i ng) . Howe ve r , s ome  ot he r  pos s i bl e  c ombi -
na t i ons  a r e  a l s o ve r y c l os e  t o t ha t  va l ue , a s  s hown i n Fi gur e  1. Bui l di ng c ha r a c t e r i s t i c s , s uc h a s  
wa l l s  c ol or , i ne r t i a , wa l l s  i ns ul a t i on a nd a i r  t i ght ne s s  a r e  t he  l e s s  s e ns i t i ve  e l e me nt s ;  pr i ma r y 
e ne r gy i nde x va r i e s  l e s s  t ha n 3% . T he  gl a zi ng t ype  a nd s ha di ng de vi c e s  ha ve  a  s ma l l  i nf l ue nc e  
of  l e s s  t ha n 8% . 
On t he  ot he r  ha nd, t he  t ype  a nd e f f i c i e nc y of  t he  e ne r gy s ys t e ms  ( he a t i ng, c ool i ng a nd DHW )  
c a us e  hi gh va r i a t i ons . For  e xa mpl e , t he  us e  of  c e r t i f i e d s ol a r  pa ne l s  f or  DHW  r e duc e s  t he  pr i -
ma r y e ne r gy i nde x by 48% , a nd t he  s e l e c t i on of  a  he a t  pump i ns t e a d of  a n e l e c t r i c  r e s i s t a nc e  f or  
he a t i ng r e duc e s  pr i ma r y e ne r gy i nde x by 25% . Ne ve r t he l e s s , t he  mos t  i nf l ue nt i a l  pa r a me t e r  i s  
t he  DHW  s ys t e m whe r e  t he  wor s t  s ol ut i ons  a r e  t he  e l e c t r i c  s t or a ge  wa t e r  he a t e r  wi t h di f f e r e nt  
l e ve l  of  t he r ma l  i ns ul a t i on. 
T he r e f or e , one  of  t he  f i r s t  c onc l us i ons  of  t hi s  s t udy i s  t ha t  s ys t e ms  e f f i c i e nc y a nd t he  e xi s -
t e nc e  of  c e r t i f i e d s ol a r  pa ne l s  a r e  de t e r mi na nt  on t he  pr i ma r y e ne r gy i nde x, a nd a l l  t he  ot he r  pa -
r a me t e r s  ha ve  a  mi nor  i nf l ue nc e . 
 
 
 
 
Figur e  1 .  P r ima r y e ne r gy ind e x c a lc ula te d  to  the  b e st so lutio n va r ying o nly o ne  o f the  p a r a me te r s fo r  b a se  
c a se  a p a r tme nt ( FF= 0 . 5 0 )  a t Lisb o n.  
 
3.2 Heating energy index 
Sys t e ms  e f f i c i e nc y, unl i ke  c ons t r uc t i on c ha r a c t e r i s t i c s , ha s  a  ma j or  i mpa c t  on t he  pr i ma r y e ne r -
gy i nde x. Howe ve r , c ons t r uc t i on c ha r a c t e r i s t i c s  a r e  e xt r e me l y i mpor t a nt  f or  he a t i ng a nd c ool i ng 
e ne r gy i nde x va l ue s . In t hi s  s e c t i on, t he  s a me  s t udy i s  pe r f or me d but  e s t a bl i s hi ng a s  f i t ne s s  
c oe f f i c i e nt  t he  he a t i ng e ne r gy i nde x.  
Fr om t he  va r i a bl e s  s umma r i ze d i n T a bl e  1, onl y t he  f i r s t  s e ve n ha ve  a  di r e c t  i mpa c t  on t hi s  
c oe f f i c i e nt . Not e  t ha t  wa l l s  a nd r oof  a bs or pt a nc e  a r e  not  c ons i de r e d f or  t he  he a t i ng i nde x c a l c u-
l a t i on. 
Runni ng t he  ge ne t i c  a l gor i t hm f or  a pa r t me nt s  wi t h di f f e r e nt  s ha pe  f a c t or s  i n t he  t hr e e  c l i ma t -
i c  zone s , he a t i ng e ne r gy i nde x i nc r e a s e s  wi t h c l i ma t e  s e ve r i t y a nd va r i e s  wi t h s ha pe  f a c t or  a s  
s hown i n Fi gur e  2. T he  s e ns i t i vi t y i n one  of  t he  poi nt s  ( FF= 0.50 a nd I1)  i s  t e s t e d by ma ki ng 
va r i a t i ons  t o e a c h of  t he  pa r a me t e r s  ( Fi g. 3) . 
T he  mos t  s e ns i t i ve  pa r a me t e r  i s  t he  bui l di ng i ne r t i a ;  c ha ngi ng f r om l i ght  t o he a vy c ons t r uc -
t i on r e duc e s  t he  he a t i ng e ne r gy i nde x ( Ni c / Ni )  by 38% . Fl oor  i ns ul a t i on i s  a l s o a n i mpor t a nt  
e l e me nt  be c a us e  a n i nc r e a s e  of  t he  t he r ma l  i ns ul a t i on t hi c kne s s  ( f r om 0.03 t o 0.10 m)  r e duc e s  
Ni c / Ni  by 19% . M or e ove r , i nc r e a s i ng t he  wa l l  i ns ul a t i on t hi c kne s s  f r om 0.03 t o 0.08 m r e duc e s  
Ni c / Ni  by 9% . Inf i l t r a t i ons  a l s o pl a y a n i mpor t a nt  r ol e  on de c r e a s i ng Ni c / Ni , na me l y, t he  wor s t  
t e s t e d s ol ut i on ( 1.1 ACH)  ha s  a  Ni c / Ni  8%  hi ghe r  t ha n t he  be s t  t e s t e d s ol ut i on ( 1.0 ACH) . 
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Se l e c t i ng doubl e  gl a zi ng r e duc e s  t he  he a t i ng e ne r gy i nde x by 11%  c ompa r e d wi t h t he  s i ngl e  
gl a zi ng s ol ut i on. Adopt i ng e xt e r na l  s ha di ng de vi c e s  r e duc e s  t he  he a t i ng e ne r gy i nde x by 18%  
due  t o i t s  a ddi t i ona l  t he r ma l  i ns ul a t i on f or  ni ght  t i me  pe r i ods . 
Some  of  t he s e  pa r a me t e r s  c a n a l s o be  c r uc i a l  f or  Re gul a t i on ve r i f i c a t i on. For  e xa mpl e , t he  
s a me  a pa r t me nt  ( FF= 0.50)  l oc a t e d i n M ont a l e gr e  ( I3)  ma y ha ve  a  f l oor  i ns ul a t i on hi ghe r  t ha n 
0.04 m, a s  we l l  a s  e xt e r na l  r ol l e r  bl i nds  t ha t  r e duc e  t he  wi ndows  doubl e  gl a zi ng U-va l ue  f r om 
3.9 t o 3.1 W / ( m 2 .K ) . 
 
 
 
Figur e  2 .  H e a ting e ne r gy ind e x c a lc ula te d  to  the  b e st so lutio n fo r  d iffe r e nt ge o me tr ie s a nd  c lima te s.  
 
 
 
Figur e  3 .  H e a ting e ne r gy ind e x c a lc ula te d  to  the  b e st so lutio n va r ying o nly o ne  o f the  p a r a me te r s fo r  b a se  
c a se  a p a r tme nt ( FF= 0 . 5 0 )  a nd  fo r  Lisb o n.  
 
3.3 Cooling energy index 
Some  of  t he  bui l di ng c ha r a c t e r i s t i c s  a r e  a l s o i mpor t a nt  i n t e r ms  of  s umme r  pe r f or ma nc e , whi c h 
i s  he r e  a na l yze d i n t e r ms  of  t he  c ool i ng e ne r gy i nde x ( Nvc / Nv) . T he  s e ns i t i vi t y a na l ys i s  r e ve a l s  
t he  domi na nc e  of  t he  s ha di ng de vi c e s  pos i t i on r e l a t i ve l y t o ot he r s  pa r a me t e r s  ( Fi g. 4) . T he  
c ool i ng e ne r gy i nde x f or  t he  s i ngl e  gl a zi ng s ol ut i on i s  10%  hi ghe r  t ha n c ons i de r i ng doubl e  
gl a zi ng. Se l e c t i ng l i ght e r  i ns t e a d of  da r ke r  c ol or s  f or  r oof  a nd wa l l s  de c r e a s e s  Nvc / Nv i n 19%  
a nd 13% , r e s pe c t i ve l y. Inc r e a s i ng r oof  t he r ma l  i ns ul a t i on i s  a l s o de c i s i ve , a s  we l l  a s  t he r ma l  i n-
e r t i a . W a l l s  i ns ul a t i on a nd i nf i l t r a t i ons  ha s  a  mi nor  i nf l ue nc e  on Nvc / Nv, whi c h i s  l e s s  t ha n 4% . 
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Figur e  4 .  Co o ling e ne r gy ind e x c a lc ula te d  to  the  b e st so lutio n va r ying o nly o ne  o f the  p a r a me te r s fo r  the  
la st flo o r  a p a r tme nt ( FF= 0 . 7 4 )  a t Lisb o n.  
 
3.4 Defining a target value 
For  a  gi ve n c a s e  s t udy, a not he r  c ommon pr obl e m c ons i s t s  of  knowi ng wha t  c ha r a c t e r i s t i c s  a n 
a pa r t me nt  s houl d ha ve  i n or de r  t o be  i n c l a s s i f i e d by a  c e r t a i n l a be l , i .e . Nt c / Nt  s houl d be  l e s s  
t ha n a  t a r ge t  va l ue . 
T a ki ng t he  ba s e  c a s e  a pa r t me nt  ( FF= 0.50)  wi t h t he  f ol l owi ng bui l di ng c ha r a c t e r i s t i c s :  he a vy 
i ne r t i a , wa l l s  me di um c ol or , 1.0 ACH of  i nf i l t r a t i ons , t he  me t hod i s  a ppl i e d t o de f i ne  t he  s ys -
t e ms  t ype  or  how muc h i ns ul a t e d s houl d be  bui l di ng wa l l s , s o t ha t  Nt c / Nt  ≤  0.5 ( A or  A+  l a be l  
i n bui l di ng c e r t i f i c a t i on) . 
In t hi s  s e c t i on t he  s t a nda r d s ol ut i on f or  s ys t e ms  i s  a  ga s  boi l e r  f or  DHW  wi t h e f f i c i e nc y of  
0.87 a nd a  he a t  pump of  COP 4 a nd 3 f or  he a t i ng a nd c ool i ng, r e s pe c t i ve l y. 
3.4.1 Standard systems and no solar panels 
Af t e r  r unni ng t he  ge ne t i c  a l gor i t hm i n s e a r c h of  s ol ut i ons  wi t h Nt c / Nt  of  l e s s  a nd c l os e  t o 0.5, i t  
i s  pos s i bl e  t o know t he  mi ni mum of  wa l l  a nd f l oor  i ns ul a t i on f or  di f f e r e nt  c a s e s :  
 
A - doubl e  gl a zi ng ( DG)  a nd e xt e r na l  s ha di ng de vi c e s  ( ESD) ;   
B - doubl e  gl a zi ng a nd i nt e r na l  s ha di ng de vi c e s  ( ISD) ;   
C - s i ngl e  gl a zi ng ( SG)  a nd e xt e r na l  s ha di ng de vi c e s  a nd;  
D - s i ngl e  gl a zi ng a nd i nt e r na l  s ha di ng de vi c e s .  
 
T he s e  r e s ul t s  a r e  pr e s e nt e d i n T a bl e  3 whi c h s hows  t ha t  0.30 m of  t he r ma l  i ns ul a t i on ( e x-
pa nde d pol ys t yr e ne  i n wa l l s  a nd e xpa nde d c or k a ggl ome r a t e  i n f l oor s )  i s  e nough f or  I1 c l i ma t e , 
e xc e pt  f or  D c a s e  ( SG/ ISD)  whe r e  0.40 m of  t he r ma l  i ns ul a t i on s houl d be  us e d i ns i de  wa l l s . For  
I2 c l i ma t e , 0.30 m of  t he r ma l  i ns ul a t i on i s  e nough whe n doubl e  gl a zi ng i s  us e d, ot he r wi s e , 
wa l l s  s houl d be  i ns ul a t e d wi t h 0.60 m a nd f l oor s  wi t h 0.80 m. For  D c a s e  of  I2 a nd I3 c l i ma t e , 
t he r e  a r e  no s ol ut i ons  pe r f or mi ng a s  r e qui r e d. 
 
T a b le  3 .  M a ximum a llo we d  wa ll a nd  flo o r  U -va lue  fo r  a  A  b uild i n g ( N tc /N t ≤  0 . 5 0 )  with sta nd a r d  syste ms 
a nd  no  so la r  p a ne ls.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
       I 1  ( Lisb o n)     I 2  ( P o r ta le gr e )     I 3  ( M o nta le gr e )         _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ca se  stud y    wa ll  flo o r    wa ll  flo o r      wa ll  flo o r  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A –  D G /E SD    0 . 5 7   0 . 8 8    0 . 5 7   0 . 8 8        * 
B  –  D G /I SD    0 . 5 7   0 . 8 8    0 . 5 7   0 . 8 8        * 
C –  SG /E SD    0 . 5 7   0 . 8 8    0 . 4 0   0 . 4 7        * 
D  –  SG /I SD    0 . 5 0   0 . 8 8      *         * _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
* the r e  is no  so lutio ns fo r  the  d e fine d  c o nd itio n.  
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3.4.2 Double glazing, external shading devices and 0.30 m of thermal insulation 
Anot he r  pos s i bi l i t y i s  t o e va l ua t e  di f f e r e nt  s ys t e ms  s ol ut i ons  ke e pi ng t he  s a me  l e ve l  of  t he r -
ma l  i ns ul a t i on on wa l l s  a nd f l oor  ( 0.30 m) . In t hi s  s t udy i t  i s  a s s ume d t ha t  a n e l e c t r i c  or  ga s / f ue l  
s ys t e m c a n be  us e d f or  he a t i ng . For  c ool i ng, a n e l e c t r i c  s ys t e m wi t h COP e qua l  t o 3 i s  a l wa ys  
s e l e c t e d a nd f or  DHW  a  ga s  s ys t e m i s  a l wa ys  us e d. T a bl e  4 s hows  t he  mi ni mum of  s ys t e m e f f i -
c i e nc y t o a s s ur e  t ha t  Nt c / Nt  i s  l e s s  t ha n 0.50 f or  t wo c l i ma t i c  zone s , I1 a nd I2. 
 
T a b le  4 .  M inimum syste m e ffic ie nc y ( CO P  fo r  he a t p ump )  fo r  he a ting a nd  D H W  syste ms fo r  a n A  b uild -
in g ( N tc /N t ≤  0 . 5 0 )  with d o ub le  gla z ing,  e xte r na l sha d ing d e vic e s a nd  0 . 3 0  m o f the r ma l insula tio n.  Co o l-
ing CO P  is a lwa ys 3 .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
          I 1  ( Lisb o n)         I 2  ( P o r ta le gr e )              _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
So la r  p a ne ls      H e a t     D H W    H e a t    D H W  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A –  no         0 . 8 0  ( no t e le c . )  0 . 8 7     * ( no t e le c . )  
          4  ( e le c tr ic )    0 . 8 7     4  ( e le c tr ic )    0 . 8 7            _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
B  –  fo r c e d  c ir c ula tio n    0 . 6 0  ( no t e le c . )  0 . 6 5     0 . 8 0  ( no t e le c . )   0 . 6 5  
          1  ( e le c tr ic )    0 . 7 0     1  ( e le c tr ic )    0 . 8 7             _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C –  kit         0 . 6 0  ( no t e le c . )  0 . 6 5     0 . 6 0  ( no t e le c . )   0 . 6 5  
          1  ( e le c tr ic )    0 . 6 5     1  ( e le c tr ic )    0 . 8 2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
* the r e  is no  so lutio ns fo r  the  d e fine d  c o nd itio n.  
 
T he  r e s ul t s  e vi de nc e  di f f e r e nt  pos s i bl e  c ombi na t i ons . W he n c e r t i f i e d s ol a r  pa ne l s  a r e  not  i n-
s t a l l e d, i t  i s  ne c e s s a r y t o c hoos e  s ys t e ms  wi t h a  hi ghe r  e f f i c i e nc y, s uc h a s , f or  he a t i ng, a  f ue l  
he a t  boi l e r  ( η =  0.80)  or  a n e l e c t r i c  he a t  pump ( COP =  4)  a nd, f or  DHW , a  ga s  he a t  boi l e r  ( η =  
0.87) . In t e r ms  of  c l i ma t e  s e ve r i t y, hi ghe r  e f f i c i e nc y i s  ge ne r a l l y r e qui r e d whe n t he  a pa r t me nt  i s  
l oc a t e d i n I2. 
4 FINAL REM ARK S AND CONCLUSIONS 
In t hi s  s t udy, a  ge ne t i c  a l gor i t hm i s  us e d t o c a l c ul a t e  t he  e ne r gy i nde xe s  of  a  l a r ge  numbe r  of  
pa r a me t r i c  va r i a t i ons , wi t h t he  goa l  of  s e a r c hi ng f or  t he  be s t  s ol ut i on a c c or di ng t o di f f e r e nt  c r i -
t e r i a , na me l y t he  l owe s t  pr i ma r y, he a t i ng or  c ool i ng e ne r gy i nde x. T hi s  opt i mi za t i on me t hod i s  
us e f ul  f or  t he  i de nt i f i c a t i on of  t he  pa r a me t e r s  whi c h e xe r t  mos t  i nf l ue nc e  on t hos e  i nde xe s . 
T he  ma i n c onc l us i on i s  t ha t  t he  pr i ma r y e ne r gy i nde x ( t he  i nde x us e d f or  c e r t i f i c a t i on l a be -
l i ng)  i s  ma i nl y e s t a bl i s he d by t he  s ys t e ms  e f f i c i e nc y, a s  we l l  a s  t he  us e  of  c e r t i f i e d s ol a r  pa ne l s  
( or  ot he r  r e ne wa bl e  e ne r gy s our c e s , not  he r e  c ons i de r e d) . Pa s s i ve  s t r a t e gi e s , l i ke  a de qua t e  
t he r ma l  i ns ul a t i on or  wi ndows  di me ns i oni ng, ha ve  a  s ma l l  i nf l ue nc e  on bui l di ng l a be l i ng. 
T hi s  i nf l ue nc e  i s , howe ve r , di s gui s e d on he a t i ng a nd c ool i ng e ne r gy i nde xe s , whi c h a r e  qui t e  
r e s t r i c t i ve  i n t e r ms  of  t he  qua l i t y of  t he  bui l di ng e nve l ope . For  t he  a pa r t me nt  s t udi e d a t  t he  
mor e  s e ve r e  wi nt e r  c l i ma t i c  zone  ( I3) , s ol ut i ons  a c c or di ng t o Por t ugue s e  l e gi s l a t i on a r e  ha r dl y 
f ound. In f a c t , t he  he a t i ng e ne r gy i nde x i s  c l os e  t o 1 f or  t he  be s t  s ol ut i on a nd a ny s ma l l  va r i a -
t i on i n one  of  t he  pa r a me t e r s  ma ke s  t he  s ol ut i on i mpr a c t i c a bl e . For  wi nt e r  t he r ma l  pe r f or ma nc e , 
t he r ma l  i ne r t i a , t he r ma l  i ns ul a t i on, i nf i l t r a t i ons  a nd wi ndows  c ha r a c t e r i s t i c s  a r e  e l e me nt s  t ha t  
pl a y a n i mpor t a nt  r ol e  on t he  he a t i ng e ne r gy i nde x. It  i s  not e wor t hy, howe ve r , t ha t  t hi s  s t udy 
doe s  not  c ove r  a l l  t he  pos s i bl e  pa r a me t r i c  va r i a t i ons  i n a  bui l di ng, s uc h a s  a i r  t i ght ne s s  wi ndow 
f r a me s  a nd me c ha ni c a l  ve nt i l a t i on. 
Ins t e a d, f or  s umme r  s e a s on, wi ndows  s ha di ng de vi c e s  pos i t i on a r e  c r uc i a l  f or  c ool i ng e ne r gy 
i nde x. But  r oof  t he r ma l  i ns ul a t i on, s ur f a c e s  c ol or , t he r ma l  i ne r t i a  a nd wi ndows  gl a zi ng a r e  no 
l e s s  i mpor t a nt . Due  t o t he  mont hl y de pe nde nc e  on t he  a ve r a ge  t e mpe r a t ur e  i n t he  me t hodol ogy 
t o c a l c ul a t e  c ool i ng e ne r gy ne e ds , he a t  t r a ns f e r  by ve nt i l a t i on, c onduc t i on a nd c onve c t i on a l -
wa ys  c ont r i but e  f or  bui l di ng l os s e s . Howe ve r , t he r ma l  ga i ns  t r ough t he  e nve l ope  a r e  c ons i de r e d 
by t he  s ol -a i r  t e mpe r a t ur e  c onc e pt , whi c h i s  not  t r ue  f or  i nf i l t r a t i on ga i ns . In f a c t , t he  ‘ be s t ’  s o-
l ut i on f or  mi ni mi zi ng c ool i ng e ne r gy ne e ds  c or r e s ponds  t o i nf i l t r a t i ons  i nc r e a s i ng. So, s umme r  
me t hodol ogy s houl d be  r e t hi nki ng, be s i de s  mi ni mum s ha di ng r e qui r e me nt s , i n or de r  t o pr e ve nt  
ove r he a t i ng pe r i ods . 
T he  opt i mi za t i on me t hod a ppl i e d i n t hi s  pa pe r  i s  a  good c ont r i but i on f or  c ommon c a s e  s t u-
di e s  a na l ys i s . Howe ve r , t hi s  s t udy i nt e nds  t o go f ur t he r  a nd r a i s e  que s t i ons  f or  t he  Ene r gy Pe r -
f or ma nc e  Bui l di ng Di r e c t i ve  r e vi s i on a t  na t i ona l  l e ve l . Ac c or di ng t o our s  poi nt  of  vi e w, bui l d-
i ng c ha r a c t e r i s t i c s  di f f e r e nt i a t i on s houl d ha ve  a  gr e a t e r  i mpa c t  on bui l di ng l a be l i ng. As  s hown 
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i s  t he  pa pe r , i t  i s  pos s i bl e  t o ha ve  a n A +  a pa r t me nt  wi t h wi ndows  s i ngl e  gl a ze d, s i nc e  i t  ha s  s o-
l a r  pa ne l s  f or  DHW  a nd e f f i c i e nt  s ys t e ms . Is  t ha t  a  r e a l  c ont r i but i on t o e ne r gy c ons umpt i on r e -
duc t i on?  
Anot he r  i s s ue  i s  t ha t  r e l a t e d t o t he  c l i ma t i c  zone s  whe r e  bui l di ngs  a r e  l oc a t e d, f or  t he  mor e  
s e ve r i t y wi nt e r  c l i ma t i c  zone  ( I3)  i t  wa s  not  pos s i bl e  t o a c hi e ve , f or  t he  s ol ut i on a dopt e d of  no 
s ol a r  pa ne l s  a nd s t a nda r d s ys t e ms , a ny c ombi na t i on whe r e  Nt c / Nt  ≤  0.50, howe ve r  t hi s  wa s  
pos s i bl e  f or  I1 a nd I2, t r ough t he  i nc r e a s e  of  t he r ma l  i ns ul a t i on. T he  pa r i t y of  c r i t e r i a  s houl d 
not  be  t he  s a me ?  
T he s e  r a i s e d que s t i ons  di r e c t  t he  pr obl e m t o t he  de f i ni t i on of  s t a nda r ds  i nde xe s  a nd t he  pos -
s i bi l i t y of  t he i r  r e duc t i on, whi c h f or  c e r t a i n c a s e s  c oul d l e a d t o i mpr a c t i c a bl e  s ol ut i ons . Ot he r  
i mpor t a nt  i s s ue  woul d be  mi ni mum r e qui r e me nt s  f or  A a nd A +  bui l di ng i n t e r ms  of  e nve l ope  
t he r ma l  qua l i t y, s uc h a s  doubl e  gl a zi ng, a s  we l l  a s  t he  us e  of  r e ne wa bl e  e ne r gy pr oduc t i on ( c e r -
t i f i e d s ol a r  pa ne l s , f or  e xa mpl e ) , i n or de r  t o s t a nda r di ze  bui l di ngs  l a be l i ng t hr oughout  c l i ma t i c  
zone s . 
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1 T HE SURE - AFR ICA PRO J ECT:  INT RODUCT ION  
T he pr oj e c t ai me d a t  s tr e ngt he ni ng knowl e dge  a nd its  a ppl ic at i on in pr a ct ic e , cont ri but i ng to a 
s us ta i na ble  de ve l opme nt  t hr ough t he  vi ta l  ar e a  of  e ne rgy e f f i ci e nc y i n buil di ngs  a nd c it ie s  and, 
ul ti ma t e l y, t o r educ e  pove rty. T he  s it uat i on f ound i n t he  pa rt i ci pant  c ountr ie s  wa s  r e pre s ent at i ve 
of  ma ny ot he r  c ount ri e s  i n Af r ic a , wit h de ve l opi ng e conomi e s  of te n s ca rr e d by l ong-t e r m a r me d  
c onfl i ct s . Buil di ng a nd ur ba n r ene wa l ha ve  a n ur ge ncy t ha t  re qui r es  a  di ff er e nt  appr oac h to t he 
i nc or pora ti on of  re ne wa bl e t e c hnol ogi e s  fr om t ha t  i n Eur ope . T hi s  i s  due  t o t he  s c a rc it y of  r e -
s our ce s , t he  pr es si ng de ma nd f or  s oc i al  hous ing a nd re f urbi she d or  ne w publ i c bui l di ngs  s uc h a s 
s c hool s  and hospit a ls , a nd t he  di ff ic ult ie s  of  i mpl e me nt i ng buil di ng a nd town pla nni ng r e gula -
t i ons  ( of te n def ic ie nt  or  e ven non-e xi s t ent) .  
It  i s  i mpor t a nt  t o c ons i de r  e ne r gy c ons e r va ti on thr ough pa s si ve  bui ldi ng de si gn a s  a  prove n 
e qui va l ent  t o r e ne wabl e  ene r gy powe r  ge ne r a ti on. T he  pr oj e c t  a da pte d we ll -e s t abl is he d know-
l e dge  i n t his  ar e a  t o the  ec onomi c  a nd c li ma t i c  c onte xt. Empha s i s  wil l  be  on net  de ma nd r e duc -
t i on r at her  t ha n ge ne r ati on;  thi s a ppr oac h ma ki ng l e ss  downst re a m de ma nds  f or  ma i nt e na nce  
a nd r e pl a ce me nt , a nd be i ng mor e  c ompa t i bl e  wit h tr a di ti onal  l if e -s t yl e s . In non -d ome s t i c  buil d-
i ngs , a  hi gh pri ori t y wa s  t he  a voi da nce  of  ai r -c ondit i oni ng. In t he  c a se  of  housi ng, i t  i s  i mpor ta nt 
t hat  ba si c  comf or t  per f or ma nc e  cr it er ia  a re  me t , s i nce  f a il ure  i n t hi s  re s pec t  wi ll  pr ompt  t he  oc -
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ABST RACT:  This  pa per  s umma r i ze s  t he  r es ult s  achi e ve d by t he  3-ye a r  E.U. S URE -Af r i c a 
pr oj e c t. T he pr oj e ct  a i ms  at  st r engt he ning knowl e dge  a nd it s a pp l ic a ti on i n pr ac ti c e , c ont ri but -
i ng t o a  s ust ai na bl e  de ve l opme nt  t hr ough t he  vi ta l  a rea  of  e ner gy e f f i ci e nc y i n bui l di ngs  a nd c i -
t i es , a nd, ult i ma t el y, t o r educ e  pove r t y. Ac a de mi c  a nd pr of es si onal  e xper ti se  fr om t hr e e  E.U. 
Uni ve r s it ie s  - na me l y t he  Hi ghe r  T ec hnic al  Ins t i t ute  ( IST , Coor d, Por t uga l) , t he Uni ve r s i t y of 
Ca mbr i dge  ( UK )  and t he  Uni ve r s it y of  Lund ( Swe de n) - wa s  or ga ni s e d t o s et  up a  da ta -ba s e  of 
i nf or ma t i on, i n c ooper at i on wi t h Ac a de mi c  Ins t it uti ons  i n Port ugue s e -s pe a ki ng Af r ic a n c oun-
t ri e s  ( Angol a , M oza mbi que , Ca pe  V er de  a nd Guine a) , wi t h i nf or ma ti on a bout  t ools , c a s e  st udi es 
a nd t e ac hing ma t e r i al  i n the  f i el d of  s us ta i na ble , e ne r gy-e f f i c ie nt  bui l di ng a nd ur ba n de si gn. 
Se mi na r s , wor ks hops  a nd conf er e nce s  wer e  ca rr i ed out , a nd be st -pr a c ti c e  M a nua ls  a r e a ls o be -
i ng publ is he d a s  a  fi nal  outc ome  of  t he  pr oj e ct .  
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c upa nt s  to purc ha se  pa c ka ge  a ir -c ondi t ioner s  if  a nd whe n r educ e d c ost s  a nd i mpr ove d f i na nc es 
a l low. 
T he proj ec t ha s al s o dr a wn f rom e xi s ti ng a re a s of expe rt i se  i n pos t c onf li ct  rec ons tr uct ion, 
t r yi ng t o r es ol ve  i ne vit a bl e c onf li c ts  be t wee n t he s hort -t e r m ne e d, a nd t he l onge r-t e r m i mpe r a -
t i ve  of  s ust ai na bi li t y. It  r e cogni s e d, t hat  i n t he  a re a  of hous ing i n par ti c ul ar , t he re  i s  muc h se lf -
bui ld, a nd i t  was  a c knowledge d t ha t  t he  s uppor t  ma t eri a ls  mus t  not  onl y be  a cc e ss i bl e  to t he  de -
s i gn pr of e s si ona l  but  t o t he  l a yma n a s  we l l . 
T he  ove r a ll  obj e ct i ve  is  t o c r e at e  a  ne t wor k of  pr ac tic a l  and s ci e nt if ic  knowl e dge  be t we e n 
Af r ic a n a nd Eur ope a n Unive r s i ti e s, in the  f i el d of  e ne r gy-e f f i c ie nt  buil di ng a nd ur ban des i gn. 
T ra i ni ng wor ks hops , Se mi na r s  a nd Conf er e nce s  we r e he l d i n e ac h of  t he  Af r ic an c ountr i es  i n-
vol ve d ( Ca pe  V er de , Gui né-Bi s s a u, Angol a  a nd M oza mbi que ) . W it hi n t hi s  progr a mme  di f f e re nt 
t a r ge t  gr oups  ( l oc a l  poli ti ci a ns , t e ac her s , pr of es s ionals , s t ude nts , s el f -bui l der s)  we r e  a ddr e ss e d 
a t  a ppr opr ia te  l e ve ls .  
Ac a de mi c  a nd prof es si onal e xpe rt is e  fr om t hr e e  E.U. Uni ve r s it ie s  - na me l y t he  Hi ghe r  Te c h-
ni c al  Ins t i tut e  ( IST , Coor d., Por t uga l) , the  Uni ve rs it y of  Ca mbr i dge  ( UK)  a nd t he  Uni ve r si t y of 
Lund ( Swe den)  - wa s  or ga ni s e d t o gi ve  t he  le ct ur es  at  al l  tr ai ni ng c our s es  a nd works hops , a nd to 
c ontr i but e  t o doc ume nt a r y ma t e r i al . A da ta -ba s e  of  infor ma t i on wa s  s et  up, i n c oope r at ion wit h 
Ac a de mi c  Ins t it uti ons  in Af r ic a , wit h i nfor ma t i on a bout  t ool s , c as e  s t udy e xe mpl a r s  a nd te a c h-
i ng ma t e r ia l  i n t he  f ie l d of  s us ta i na ble , e ner gy-e f f i c i ent  buil ding a nd ur ba n des i gn. Be s t -pr a c ti c e 
ma nua l s  a r e  al s o be i ng publ i she d a s  a  f i na l  out c ome  of  t he  pr oj e c t. T he  ba si s  for  l ong t e r m c ol -
l a bor a ti ve  r es e ar c h on e ne rgy e f f ic i ent  a nd sus ta i na ble c onst r uc ti on wer e  de ve l ope d duri ng t hi s 
3-ye a r  E.U. COOPENER p r oj ec t . 
2 RESULT S 
T he  ma i n, l ong-t e r m, obj ect i ve  of  t he  pr oj e ct  wa s  to es t a bl is h a  net wor k of  pr ac tic a l  a nd i nt e l -
l e ct ual  knowl e dge  bet we e n Af r ic a n and Europe an Unive r s i ti e s i n t he  f ie l d of  sust a ina bl e , low-
e ne r gy bui l di ng de s i gn a nd c onst r ucti on. T he pr oj e ct  ha s  e nha nce d t he  c ommuni c a ti on and i n-
f or ma t i on e xc ha nge  be t wee n hi ghe r  educ at ion i ns ti t ut i ons  i n t he  EU a nd Lus ophone  Afr i can 
c ountr ie s  i n the  fi el d.  
Se ve r a l  s t eps  wer e  ta ke n f or  t hi s  pur pos e , f oll owi ng t he  i ni ti al  wor kpl a n, ma i nl y:  
 De ve l opme nt  of a  websi t e , whi c h i s updat e d re gul a rl y a s  a c entr a l re s our c e f or  i nfor ma -
t i on a nd communi c a ti on (htt p:/ / www.s ur e -a f r ic a .or g ) . 
 Or ga ni s at i on of  Pr oj e ct  me e t ings  a nd product i on of  Repor ts . 
 Pl a nni ng, or ga ni s at i on a nd r e a li za t ion of  Se mi na r s  and W or ks hops  tha t  took pl a c e  i n 
Ca pe  V er de , Angol a , M ozambi que  a nd Gui ne a -Bi s s a u, wi t h par ti ci pat ion of  t he va r i ous  
i nst it uti ons  i nvol ve d. The  Se mi na r s  a nd Tr a ini ng Wor ks hops  we re  de si gne d ba s e d on 
t he  i denti fi c at ion of  t he s pe c if i c nee ds a nd c ons tr ai nts  e xi st i ng in ea c h of t he  Af r ic a n 
c ountr ie s  i nvol ve d, a nd succ e s sf ull y de li ve r e d. 
 De ve l opme nt  a nd c ompl e t ion of  t he  Be st -Pr a c t ic e  M anua l s  and t ea c hi ng ma t e r ial . T he 
Be s t -Pr a c ti c e M anual s  a r e pi one e r publ ic at i ons  i n t hi s  a r ea  (a  r e fe r enc e not onl y f or 
Por t ugue se -s pe a ki ng c ount r i es  but  al s o f or  ot he r  Afr ic a n c ount ri e s) , a nd ar e  one of  t he 
ma i n out c ome s  of  t he  pr oj ec t . 
2.1 The Seminars and Training Workshops 
T oge t he r  wi th t he  publ ic a tion of  t he  Be st -Pr a c t ic e  ma nua l s, t he  r ea li za t ion of  t he va r i ous  Se mi -
na r s , Tr ai ni ng W or ks hops , a nd Conf er e nc e s  wer e  one  of  t he  mos t  i mpor ta nt  a c hi eve me nt s  of  the 
pr oj e c t. T he s es  t hre e  t ype s  of  e ve nt s  we r e  di st i nc t  i n na t ure . The  Se mi na r s  c ons is te d on s e ri e s  of 
pr e se nta ti ons , wit h mo me nt s  f or  que ri e s  be t wee n e a ch pr e s ent at ion, a nd a udi e nc e s  i nvol ve d a 
di ve r s it y of  at te ndee s , f r om Gove r nme nt  a nd Loc al  Aut hori ti es  Re pre s ent at i ve s , t o Pr of es si onal s 
of  t he  Buil di ng Se ct or  ( Ar chi te c ts , Engi ne er s , Bui l de r s, Re pr e se nta ti ve s  of  t he  Prof e ss i ona l  Or -
de r s a nd As s oci at i ons ), Aca de mi c s  a nd Stude nt s . In ge ne ra l , a tt e nda nce  wa s ma de  by In vi t a t ion 
( f rom t he  Loc a l  Te a m Coor di na ti on). The  T ra i ni ng W or ks hops  we re  mos t l y di r ect e d to Uni ve r -
s i t y St ude nt s  and Prof es si ona l s ( mos t l y Ar c hi te ct s  and Engi ne e rs ) , a nd t ook pl ac e ge ne r a ll y a f -
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t e r  t he  Se mi na r s  ( wher e  va r i ous  pre s e nt at ions  wer e  ma de );  in t he s e , di sc uss i ons  we r e  e nc our -
a ge d on va r i ous  topic s , ques t ions  (of  a  pr a ct ic a l  na t ur e)  we r e  pos e d a nd a ns wer e d, a nd c a se  s t u-
di e s  we re  a nal ys e d. T he  Conf e re nce s  we r e  ope ne d t o the  ge ne r a l  publ ic , i ncl udi ng a  br oa de r  a u-
di e nce , a nd wer e  ge ner al l y ope ne d a nd c los e d f or ma l l y by i mpor t a nt  per s ona li ti es  ( Gove r nme nt , 
De a n of  t he  Uni ve r si t y) . 
T he  Se mi na r s  in Angol a   took pl a c e  bet we e n t he  26-29 th  M a y 2009. T he  Se mi na r s , T ra i ni ng 
W or ks hops a nd  Confe r ence  t ook pl a ce  in t he  pr e mi s es  of Fa c ul t y of  Ci vil  Engi ne e ri ng a nd Ar -
c hit e ct ure  of  UAN. T he  semi na r s  t ook pl a c e  i n t he  f irs t  da ys , t o a n a udi e nc e  of  mos t l y s t ude nts , 
a c a de mi c s  a nd pr ofe s si onals . 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  1  ( r ight) : P ho to  o f the  SU RE - A fr ic a  Se mina r s in L ua nd a  ( M a y 2 0 0 9 ) 
 
Inf or ma l  w or ks hops  we r e  re a li ze d a ft e r  t he  e nd of  e ac h da y, mos t l y wi t h st ude nt s , whe re  a 
numbe r  of  i ss ues  we r e  de ba t e d. The  fi nal  e ve nt  was  a  c onfe re nc e , ope ne d by the  Mi nis t er  of 
Envi r onme nt  a nd t he  Uni ve r s it y De a n, wher e  a  s e ri es  of  pr es e nt at i ons  we re  ma de , bot h by Loc al 
( e .g. T own Ha ll  Ar c hi te ct s  a nd Engi ne er s , Uni ve r si t y St a ff )  a nd EU e xpe rt s . 
In Ca pe  V er de , t wo s er ie s  of  Se mi na r s  a nd Wor ks hops  we r e  ca rr ie d out , one  i n Pr a ia  Is l a nd 
( Ci t y of  Pr a ia , Capit al  of  Ca pe  V er de)  and a nothe r in t he  Is l a nd of S. Vi c e nt e , a t t he  M _EIA 
pr e mi s e s  ( Ci t y of  Mi ndel o). At t e nda nts  we r e  mos t l y pr of es si onal s  ( Ar c hi t ec ts , Engi ne e r s) , Ac a -
de mi c s , a nd re pre s e nt a nt s  of  l oc a l  Gove r nme nt  (Town Ha l l)  a nd t he  Or de r  of  Ar c hit e ct s  and 
Engi ne e r s. A fi nal  c onfe renc e  was  al s o r ea li ze d in Mi ndel o ( i n c ol la bora ti on wi th ot he r  i ns ti t u-
t i ons ) , a t  t he  Town Ha ll , ope ne d t o t he  ge ne ra l  publi c . 
 
 
 
 
 
 
 
 
 
Fig ur e  2 : SU RE - A fr ic a  Se mi n a r s in P r a ia  ( le ft)  a nd  M ind e lo  ( Rig ht) ,  Ca p e  V e r d e  ( M a r c h 2 0 0 8) . 
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In Gui ne a -Bi s s a u, t he  f i na l  Se mi na r s  took pl a ce  i n be twe e n 07/12/2009 and 09/ 12/ 2009. Both 
t he  Se mi na r  a nd the  Confe r e nc e  (a t  t he  Fra nc o-Gui ne e s e  Ins t it ut e ’  Audi tori um)  ha d a  hi gh -
pr ofi le  at t enda nc e , i ncl uding r e pr e se nta nts  of  a  numbe r of  Off i ci al  a nd Pri va t e  Ins t i t ut i ons .  
 
      
Fig ur e  3 : P ho to s o f the  SU RE - A fr ic a  Co n fe r e nc e  ( le ft)  a nd  Se mi na r s ( r ig ht)  i n B issa u ( D e c .  2 0 09 ) .  
 
In M oza mbi que , t he  Se mi na r s  and T ra i ni ng W or ks hops  we r e  c a rr ie d out  bet we e n 04/ 06/ 2009 
a nd 07/ 06/ 2009. T he  Se mi na rs ’  audie nc e  i n M oza mbi que  was  a bout  90-100 pe opl e, mos t l y 
r e pre s enti ng St a t e  Ins t it uti ons , Ac a de mi c  St af f , a nd st ude nt s. Some  NGO’ s  we r e  a l s o pre s ent . A 
s pe ci a l pre s e nt at i on wa s  ma de  for  st ude nts  onl y on t he 7 th , a t  t he  Fac ult y. 
 
   
 
 
 
 
 
 
 
Fig ur e  4 : P ho to s o f the  SU RE - A fr ic a  Se mina r s in M a p uto ,  M o z a mb iq ue  ( J une  2 0 0 9 ) .  
 
2.2 Publications 
A s e r ie s  of  publi ca ti ons  we r e  pr oduce d by t he  pr oj ec t , bei ng t he  mos t  i mpor t ant  ones  t he 
Be s t -Pr a c ti c e M anual s  and T ea c hi ng M at e ri al  ( Br oc hur e s  a nd Sl ide s) . A numbe r  of  ot her  publ i -
c a ti ons  we r e  a ls o produced, na me l y pr e s s  r el e a se s  and a dve r ti se me nt s  ma de  dur i ng t he  Se mi -
na r s  i n Ca pe  V er de , Angola , M oza mbi que  a nd Gui ne a-Bi s s a u inc ludi ng T V  a nd ra di o ne ws  a nd 
i nte r vi e ws , we b pos ti ngs , pos t er s , f l ye rs , e tc .. Howeve r , t he  bul k of  t he  publi ca t ions  we re  t he  
Be s t -Pr a c ti c e M anual s  - a  re f er e nce  not  onl y f or Port ugue s e -s pe a ki ng c ount r ie s  but  al s o f or  ot h-
e r  Afr i ca n c ountr ie s , and are  one  of  the  ma i n out c ome s  of  t he  pr oj e c t . 
One  M a nua l  – “M a nua l  of  Sus ta i na ble  Ar c hi te ct ur e” - wa s  pr oduce d f or  e ac h c ountr y i n-
vol ve d:  Angol a , Ca pe  V e rde , Gui ne a -Bi s s a u and M oza mbi que , wi t h appr oxi ma t e l y 300 pa ge s 
e a c h. T he y ar e  de st i ne d t o be  us e d by prof es s ional s , a c a de mi c s , a nd ge ne ra l publ ic . T he  M a -
nua l s  i ncl ude  a  ge ner a l  over vi e w of  t he  l oc al  c ont e xt  (s oc ia l -e c onomi c , c l i ma ti c , c ult ur al , loc al  
r e s our ce s  a nd te c hnol ogy, e t c)  a nd pre s e nt  a  s et  of  des i gn r e c omme nda t i ons , a ppl i ca ble  t o mos t 
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t ype s  of  bui ldi ngs  – fr om s e l f -c ons tr uct i on t o mor e  c ompl e x buil dings , s uch as  off i ce s  or  t our is -
t i c  infr a st r uc t ur es . T he y a l s o i ncl ude  re c omme nda t ions  on ot her  c ri ti c al  i ss ue s , s uc h a s  ur ban 
pl a nni ng, t he  use  of  wat e r, a nd t he us e of re ne wa bl e e ne r gy s ys t e ms . A numbe r  of  l oca l c a se  
s t udi e s  a re  pre s e nt e d. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2 2 : T he  B e st-P r a c tic e  M a nua ls: Co ve r s  
 
 
Fig ur e  5 : T he  B e st-P r a c tic e  M a nua l s: Co ve r s  
 
3 FUT URE  A CT IONS          
T her e i s no doubt  t hat  the  pr oj ec t wa s  t he “ e mbr yo”  f or  a  l ong-l a s t i ng fut ur e  c oll abor at i on. V ar -
i ous  r e se a rc h a nd s t ude nt  e xc ha nge  pr ot oc ols  a re  being f or ma l i s e d be t wee n E.U. a nd Af ri c an 
Ins t i t uti ons  a s  a dir e ct  re s ult  of  SURE-Af r i c a . A Net wor k of  Sust a ina bl e  Arc hit e ct ur e a nd Urba n 
De s i gn is  al s o bei ng c re a ted f or  Lus ophone  count ri e s ( inc ludi ng Bra zi l) , whi c h i s  now on t he 
pr oc es s  of  be i ng e xte nded t o Uni ve r si ti e s  e xis ti ng i n ot her  E.U. a nd Af ri ca n c ount ie s  ( Fr a nco-
phone  and Angl ophone ) . 
T he  c ons or ti um i s  a l so c ons i der ing c a ndi da c y f or  new j oi nt  pr oj e ct s  i n t he  l ine  of  SURE-
Af r ic a . The  E.U. te a m i s  a t t he mome nt  pr e par ing a not he r funding c a ndi dac y f or a  ne w pr oj e ct , 
a  c onti nua ti on of  SURE-A f r ic a  f or  ot her  Lus ophone  c ountr ie s  s uc h as  S. T omé  e  Pr í nc i pe  a nd 
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Ti mor  ( l oc a l c ol le a gue s  have  a l r ea dy s hown gr e at  i nte r e st  i n j oini ng i n) , a s  wel l a s  ot her  Fr a n-
c ophone  a nd Angl ophone  count ri es  i n Af ri c a . T he  e xi st i ng E.U. t e a m wi ll  a ls o be di la t ed t o i n-
c l ude ot he r  EU uni ve r si ti es .  
T he re s ul ts  of  t he Pr oj e ct  ar e  now goi ng t o be f ur t he r di s se mi na t e d, bot h i n t er ms  of t he  di s -
t ri buti on of  t he ma nua l s , t he  ma i nt e na nc e of t he  we bsit e , t he  pa rt ic i pa ti on i n Int e rna ti onal  me e t -
i ngs  ( e .g. SB10, PLEA a nd W REC) , a nd publi c at ion i n pe e r -r e vi e we d ma ga zi ne s . An Int e r na -
t i ona l  Conf er e nc e  on Sus ta ina bl e Const r uc ti on i n Afr i ca , pl anne d f or Fe brua r y 2011 i n Li s bon is 
be i ng or ga nis e d.  
4 CONCLUS IONS  
T he ge ne r al  opi ni on of  a ll t e a ms  is  t ha t good wor k wa s  ma de , wit h e nduri ng i mpa c t . T hi s 
pr oj e c t  was  t he  s t ar ti ng point  f or  f ut ur e  pr oj e ct s , s o nec e s sa r y i n t he  a r ea . T he  mos t  va l ua bl e  de -
l i ve r a bl es  we re  t he  Se mi nar s , T ra i ni ng W or ks hops  a nd Conf er e nce s , and ve r y i mpor t a ntl y t he 
Be s t -Pr a c ti c e  M a nua ls , whic h a re  a  pi onee r  publi c ati on i n thi s  f ie l d of  s t udi es . 
One  i s  c e rt ai n of  the  cr e at i on of  f utur e l ong-t i me  l i nks  be t we e n t he va r i ous  te a ms  of  the 
SURE -Af r i c a  pr oj ec t . T he  pr oj e c t  i s  a c hi e vi ng one  of  i t s  mos t  i mpor t a nt  a i ms :  bei ng t he  e mbr yo  
f or  a f ut ure  e xt e nde d net wor k of  i nf or ma t i on bet we e n EU a nd Af ri c an Ins t i t uti ons. 
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1 INT RODUCT ION 
T he  s t a t i s t i c  i ndi c a t or s  s how t ha t  t he  pe r c e nt a ge  of  s i ngl e -f a mi l y bui l di ngs  i s  ve r y s i gni f i c a nt  i n 
t he  Eur ope a n c ount r i e s  a nd e s pe c i a l l y i n Gr e a t  Br i t a i n a nd Por t uga l . For  e xa mpl e , i n Ge r ma ny 
i t  i s  56% , i n Spa i n, 33.3% , i n It a l y, 45.5% , i n Fr a nc e  69.1%  a nd i n Por t uga l , 86.9% . In t he  c a s e  
of  Ce nt r e  Re gi on of  Por t uga l , t he  pe r c e nt a ge  i s  94% . T he r e  a r e  a r e a s  of  s t a t i s t i c a l  a na l ys i s , 
s uc h a s  Pi nha l  Int e r i or  Sul , whe r e  t he  pe r c e nt a ge  i s  97.1% .  
Be f or e  t hi s  numbe r s , i t  i s  ne c e s s a r y t o gi ve  s pe c i a l  a t t e nt i on t o i ndi vi dua l  hous i ng i f  t he  
gl oba l  obj e c t i ve  i s  t o s t op de popul a t i on i n r ur a l  a r e a s  a nd c ont r i but e  t o t he  s us t a i na bi l i t y of  t he  
t e r r i t or y. 
On t he  ot he r  ha nd, c ons i de r i ng t he  a ge  of  t he  bui l di ngs , t he  s i t ua t i on i n Por t uga l  s t a r t s  t o be  
qui t e  wor r yi ng. T he  s t a t i s t i c a l  da t a  r e l a t e d wi t h t he  a ge  of  t he  bui l di ngs  us ua l l y s how good i n-
f or ma t i on i n wha t  c onc e r ns  t o t he i r  phys i c a l  c ha r a c t e r i s t i c s , s i nc e  t he  bui l di ngs  a r e  t he  r e s ul t  of  
t he  a ppl i a nc e  of  bui l di ng t e c hni que s  c ommon a t  t he  t i me  of  c ons t r uc t i on. At  t he  s a me  t i me  t he y 
gi ve  i nf or ma t i on a bout  t he i r  qua l i t y, whe n c ompa r e d t o t he  pr e s e nt  pa r a me t e r s . T he  e va l ua t i on 
of  pr e s e nt  t he r ma l  qua l i t y i s  one  of  t hos e  e xa mpl e s . Ac c or di ng t o Ce ns us  2001 a nd t he  4 th Ge n-
e r a l  Hous i ng Ce ns us , t he  pe r c e nt a ge  of  bui l di ngs  ove r  31 ye a r s  i n Por t uga l  wa s  43.2%  a nd t he  
pe r c e nt a ge  of  bui l di ngs  ove r  56 ye a r s  ( hi ghe r  t ha n t he i r  l i f e  e xpe c t a nc y)  wa s  a l mos t  20% . 
It  i s  a  va l ua bl e  pa t r i mony t ha t  ha s  r e s ul t e d ma i nl y f r om t he  f i na nc i a l  e f f or t  of  f a mi l i e s  a nd t o 
whom t he  publ i c  a ut hor i t i e s  ha ve  gi ve n l i t t l e  a t t e nt i on. T he r e  i s  muc h c onc e r n a bout  t he  ne w 
c ons t r uc t i on, s oc i a l  hous i ng pr ogr a mme s , r e hous i ng, but  t he  s i ngl e -f a mi l y bui l di ngs  a r e  de -
gr a de d a nd t he  ma i nt e na nc e  of  t hi s  Pa r t i c ul a r  Cul t ur a l  Pa t r i mony mus t  be  c ons i de r e d a s  a  na -
t i ona l  pr i or i t y. 
R eh ab ilitatio n  o f  ru ral  h o u s es  as  a co n trib u tio n  to  S u s tain ab le 
C o n s tru ctio n  
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ABST RACT :  R e l e va nt  da t a  a bout  Por t ugue s e  hous i ng s t oc k a r e  pr e s e nt e d i n t hi s  pa pe r , a c c or d-
i ng t o Ce ns us  2001 a nd t he  4 th  Ge ne r a l  Hous i ng Ce ns us , pa r t i c ul a r l y i n Be i r a  Int e r i or  a nd Cova  
da  Be i r a . T he s e  da t a  s how t ha t  t he  pe r c e nt a ge  of  s i ngl e  f a mi l y hous i ng i n Por t uga l  i s  ve r y hi gh. 
In a ddi t i on, t he  i nde x of  bui l di ng a ge i ng i ndi c a t e s  t he  s i t ua t i on i s  wor r yi ng i f  t he r e  i s  no i n-
ve s t me nt  i n ma i nt e na nc e  a nd r e ha bi l i t a t i on.  
It  i s  a l s o pr e s e nt e d c ha r a c t e r i s a t i on a nd e va l ua t i on wor k a nd pr opos a l s  of  i mme di a t e  i nt e r ve n-
t i on on a  s e t  of  hous e s  pl a c e d i n r ur a l  a r e a s , i n Cova  da  Be i r a  ( Por t ugue s e  c e nt r e  c ount r ys i de  
r e gi on) . 
Hous e s ’  e xt e r na l  a nd s t r uc t ur a l  c ondi t i ons  a nd ot he r  a s pe c t s  r e l a t e d t o oc c upa t i on a nd us e  we r e  
e va l ua t e d. Not i c i ng t he  ne e d of  i mme di a t e  i nt e r ve nt i on, a  gr a dua t e d l i s t  of  c ons e r va t i on c ondi -
t i ons  of  t he  bui l di ngs  wa s  e s t a bl i s he d. Fi na l l y, obt a i ne d r e s ul t s  a r e  di s c us s e d, a nd r e ha bi l i t a t i on 
pr opos a l s  f or  r ur a l  hous e s  a r e  pr e s e nt e d, j oi nt l y wi t h s ome  i de a s  of  r e s e a r c h, s o t ha t  t he  i nt e r -
ve nt i ons  ma y a i m t he  pr omot i on of  Sus t a i na bl e  Cons t r uc t i on.  
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In t he  c a s e  of  t he  s ubr e gi on of  Be i r a  Int e r i or , i n Por t uga l , t he  s i t ua t i on i s  e ve n wor s e , r e a c h-
i ng t he  pe r c e nt a ge  of  46%  of  bui l di ngs  ove r  31 ye a r s  a nd 23.4%  ove r  56 ye a r s . T he  numbe r  of  
bui l di ngs  t ha t  ha ve  ove r c ome  t he i r  l i f e  e xpe c t a nc y i s  hi ghe r  t ha n 25% .  
Fr om a  mor e  gl oba l  pe r s pe c t i ve , t he  i nde x of  bui l di ng a ge i ng of  Por t ugue s e  hous i ng pr e s e nt s  
wor r yi ng va l ue s  a nd t he s e  va l ue s  a r e  e s pe c i a l l y hi gh i n t he  c ount r ys i de . It  i s  a  s t a t i s t i c a l  r e a l i t y, 
but  one  j us t  ha s  t o obs e r ve  a t t e nt i ve l y t he  ge ne r a l  s t a t e  of  hous i ng c ons t r uc t i ons  f r om t he  c oun-
t r ys i de  a nd f r om t he  hi s t or i c  c e nt r e s  of  bi g c i t i e s  t o c onf i r m t hi s  wor r yi ng r e a l i t y. 
2 HOUSING IN BEIRA INT ERIOR AND COV A DA BEIRA 
In t he  r e gi ons  of  Nor t he r n Be i r a  Int e r i or  ( c ount i e s  of  Al me i da , Ce l or i c o da  Be i r a , Fi gue i r a  de  
Ca s t e l o Rodr i go, Gua r da , M a nt e i ga s , M e da , Pi nhe l , Sa buga l  a nd T r a nc os o) , Sout he r n Be i r a  In-
t e r i or  ( Ca s t e l o Br a nc o, Ida nha -a -Nova , Pe na ma c or  a nd V i l a  V e l ha  de  Ródã o)  a nd Cova  da  Be i -
r a  ( Be l mont e , Covi l hã  a nd Fundã o)  t he  hous i ng s t oc k i s  wor r yi ng a s  we l l , i n wha t  c onc e r ns  t o 
i t s  a ge i ng. In t he s e  t hr e e  r e gi ons , whi c h a r e  l oc a t e d i n t he  c ount r ys i de  of  t he  Ce nt r e  Re gi on of  
Por t uga l , t he r e  a r e  154.352 bui l di ngs , a c c or di ng t o Ce ns us  2001, f r om whi c h 36.288 we r e  bui l t  
be f or e  1995 a nd 23.884 a f t e r  1991. T he  i nde x of  a ge i ng of  bui l di ngs  i n t he s e  t hr e e  r e gi ons  i s  
152, be i ng 92.5%  of  t he  bui l di ngs  c ons t i t ut e d of  s i ngl e  hous i ng bui l di ngs . 
Cons i de r i ng t ha t  t he s e  t hr e e  r e gi ons  a r e  ma r ke dl y r ur a l  a nd t a ki ng i nt o a c c ount  t he  i nde x of  
a ge i ng of  t he  bui l di ng s t oc k, i t  i s  e s t i ma t e d t ha t , f r om t he  142.764 s i ngl e -f a mi l y bui l di ngs  e xi s t -
i ng t he r e , a  gr e a t  ma j or i t y i s  r ur a l  hous i ng ( or  ha ve  be e n bui l t  i n r ur a l  a r e a s ) . 
T he r e  a r e  s e ve r a l  pl a c e s  a nd hi s t or i c  vi l l a ge s  i de nt i f i e d i n t he s e  r e gi ons , whos e  r ur a l  hous i ng 
ha s  be e n c ha r a c t e r i s e d a nd s ome  of  t he m ha ve  be e n r e c ove r e d due  t o i t s  c ul t ur a l , hi s t or i c a l , a r -
c hi t e c t ur a l  a nd c ons t r uc t i ve  va l ue , s uc h a s , f or  e xa mpl e , t he  vi l l a ge s  of  Sor t e l ha , Al me i da , Ca s -
t e l o Novo, Ida nha -a -V e l ha , M ons a nt o, Pi ódã o, a mong ot he r s . 
3 CHARACT ERIST ICS OF RURAL HOUSING IN COV A DA BEIRA 
Rur a l  c ons t r uc t i on i s  nor ma l l y ve r y di ve r s e , f r om Re gi on t o Re gi on a nd i ns i de  t he  s a me  Re -
gi on. It  va r i e s  i n i t s  c ha r a c t e r i s t i c s  a nd ma t e r i a l s , a s  we l l  a s  i n i t s  qua l i t y. For  e xa mpl e , i n M i n-
ho, T r á s -os -M ont e s , Be i r a  Ba i xa  a nd Be i r a  Al t a  t he  a ppl i a nc e  of  a ppa r e nt  s t one , t he  c ons t r uc -
t i on of  ve r a nda s , s he ds  a nd r oof -e dge s  i s  ve r y us ua l . In Ba i xo Al e nt e j o, Ri ba t e j o a nd Al ga r ve  
t he  a ppl i c a t i on of  a dobe , pug, br i c k ( a nd l a t e r , c e me nt  bl oc k) , l i me  wa s hi ng of  wa l l s , c oa t i ng of  
t he  c e i l i ngs  wi t h r e e d, a r t i s t i c  t r a c e r y of  t he  c hi mne ys , a mong ot he r  a s pe c t s  pr e domi na t e s  ( M a -
c ha do, 2002)  
T he  mos t  us e d s t one  i n Cova  da  Be i r a  i s  gr a ni t e . Nor ma l l y s t i f f e r  s t one s  a nd wi t h a  be t t e r  
a ppe a r a nc e  a r e  c hos e n a nd l a i d on one  of  t he  f a c e s . T he  c or ne r s  a r e  bui l t  us i ng bi gge r  s t one s  
( bond s t one s )  t o he l p t he  f i xi ng of  t he  wa l l s . T he  e xt e r na l  wa l l s  a r e  pl a s t e r e d f i r s t  wi t h c l a y a nd 
a f t e r  wi t h l i me  a nd s a nd mor t a r , a nd ma y be  l i me  whi t e ne d or  pa i nt e d i n t he  out s i de  f i ni s hi ng. 
Br i c k ma s onr y i s  a l s o us e d t o bui l d t he  e xt e r na l  wa l l s  of  t he  f i r s t  f l oor  a nd t he  mud wa l l , bot h 
f or  e xt e r na l  a nd pa r t i t i on wa l l s . Anot he r  c ommon ma t e r i a l  us e d i n t hi s  ki nd of  hous e s  i s  t i mbe r . 
It  i s  us e d i n t he  c ons t r uc t i on of  woode n f l oor s , s uppor t e d by woode n be a ms , a nd a t t i c s  a nd 
r oof i ng t ha t  a r e  c oa t e d wi t h c e r a mi c  t i l e s . 
In Pa ul , a  vi l l a ge  l oc a t e d i n Cova  da  Be i r a , 12 km di s t a nt  f r om Covi l hã , t he r e  a r e  r ur a l  hous -
e s  ( Fi gur e  1)  wi t h a  pa r t i c ul a r  f or m of  c ons t r uc t i on of  e xt e r na l  wa l l s . Ne a r  t he  l oc a l  s t r e a m be d 
t he r e  e xi s t  ve r y s t i f f  gr a ni t e  pe bbl e s  ( c obbl e  s t one s ) , wi t h s phe r i c a l  or  ovoi d s ha pe s . T he s e  ma -
t e r i a l s  ha ve  be e n us e d t o bui l d t he  wa l l s  of  t he  ol d hous e s  i n t he  vi l l a ge  a nd a l s o s i de wa l ks , l a i d 
wi t h mor t a r s  of  s a nd of  r e d c l a y, whi c h pr e domi na t e s  i n pl a c e . Pe bbl e s  we r e  br oke n i n mi ddl e s  
t o c ompos e  t he  wa l l s , whi c h f i na l l y ge t  a n or i gi na l  s ha pe , ma r ke d a l s o by t he  a ppl i c a t i on of  
s c hi s t  or  gr a ni t e  f l a gs t one s , f or mi ng t he  wi ndows  f r a me s . T he  c ommon t i l e  of  r oof i ng i s  Por t u-
gue s e  t i l e  a nd t he  t i mbe r  t ha t  i s  us e d f or  woode n f l oor s  a nd r oof  s t r uc t ur e s  i s  c he s t nut  or  pi ne , 
whi c h a r e  a bunda nt  ma t e r i a l s  i n t hi s  r e gi on. 
In t he  vi l l a ge  of  Ca s e ga s , 20 K m di s t a nt  f r om Covi l hã  ( ne a r  Pa úl ) , t he  e l e c t e d bui l di ng ma -
t e r i a l  f or  wa l l s  i s  s c hi s t , whi c h pr e domi na t e s  i n t he  pl a c e , whe r e , due  t o t he i r  ge ol ogi c a l  c ons t i -
t ut i on, ve r y a nc i e nt  s c hi s t  f i e l ds  pr e va i l . In t he s e  hous e s  ( Fi gur e  2) , t he  s t a bi l i t y of  t he  s c hi s t  
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wa l l s  i s  r e i nf or c e d wi t h l i nt e l s  a nd c or ne r s  of  gr a ni t e  i ns e r t e d i n c ur r e nt  ma s onr y. Onl y i n s ome  
pr i vi l e ge d pl a c e s  i s  i t  pos s i bl e  t o e xt r a c t  a  s t one  f or  a  door  or  wi ndow f r a me  f r om a  pi e c e  of  
s c hi s t . T hi s  di f f i c ul t y ha s  i mpos e d t he  us i ng of  t hi n-gr a i ne d gr a ni t e  i n t hi s  a r e a . Al t hough t he  
us e  of  gr a ni t e  i n t he  wi ndows  a nd door s  f r a me s  i s  t he  mos t  c ommon s i t ua t i on, t i mbe r  i s  a l s o 
us e d i ns t e a d. T he  r oof i ng i s  ma de  of  c e r a mi c  t i l e , f i xe d t o a  t i mbe r  s t r uc t ur e , a nd s t one s  a r e  put  
on t he m i n or de r  t o a voi d t he  wi nd e f f e c t . 
 
Figur e  1  –  E xa mp le s o f r ur a l ho using in Co va  d a  B e ir a  –  P a úl.  
 
  
Figur e  2  –  E xa mp le s o f r ur a l ho use s in Co va  d a  B e ir a  –  Ca se ga s.  
 
     
Figur e  3  –  O the r  e xa mp le s o f r ur a l ho use s in Co va  d a  B e ir a  
 
Anot he r  e xa m pl e  of  r ur a l  hous i ng i n Cova  da  Be i r a  c a n be  s e e n i n t he  vi l l a ge  of  Sobr a l  de  
Sã o M i gue l . M os t  of  t he  c ons t r uc t i ons  a r e  i n s c hi s t  ma s onr y ( domi na nt  i n t he  ge ol ogi c  c ompo-
s i t i on of  t hi s  pl a c e ) , a nd t he  r oof i ng i s  ma de  wi t h s l a t e  f l a gs t one s . Sc hi s t  r e pl a c e s  gr a ni t e  be -
c a us e  i t  i s  e a s i e r  t o s t oc k i t  l oc a l l y be i ng gr a ni t e s  onl y us e d f or  t he  r i c he s t  hous e s  i n t he  vi l l a ge . 
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Sc hi s t  i s  us e d a l mos t  e xc l us i ve l y i n i t s  e xt r a c t i on na t ur a l  f or ms , i n ma s onr y wa l l s , muc h l e s s  
s t a bl e  t ha n t he  gr a ni t e  one s , or  i n s i mpl e  r oof i ng of  poor  bui l di ngs , be i ng t he  f l a gs t one s  f i xe d t o 
a  t i mbe r  s t r uc t ur e . T he  l i nt e l s  of  t he  door s  a nd wi ndows  a r e  ma de  of  s ol i d a nd l a s t i ng t i mbe r , 
a l mos t  a l wa ys  c he s t nut  t i mbe r , whi c h l ooks  ve r y s i mi l a r  t o s c hi s t , t hr oughout  t he  ye a r s . Ot he r s  
e xa mpl e s  of  r ur a l  hous e s  ma y be  f ound i n r ur a l  a ggl ome r a t e s  i n t he  r e gi on of  Cova  da  Be i r a . 
Unha i s  da  Se r r a , Sa r ze do, Ba r r oc a  or  J a ne i r o de  Ci ma  a r e  s ome  of  t hi s  e xa mpl e s . 
4 ST UDY ON T HE ST AT E OF DEGRADAT ION OF A SET  OF RURAL HOUSES 
LOCAT ED IN COV A DA BEIRA 
T he  de ve l opme nt  of  t hi s  mul t i di s c i pl i na r y s oc i a l -hous i ng pr oj e c t  i nvol ve d t he  s t udy of  a  gr oup 
of  74 f a mi l i e s  di s t r i but e d by 7 vi l l a ge s  of  a  c ounc i l  wi t h r ur a l  c ha r a c t e r i s t i c s , l oc a t e d a t  t he  i n-
t e r i or  c e nt r e  of  Por t uga l . One  of  t he  ma i n a xe s  of  t he  pr oj e c t  wa s  t o i nt e r ve ne  i n t he  bui l di ngs  
wi t h t he  obj e c t i ve  t o pr ovi de  ba s i c  l i vi ng c ondi t i ons .  
T o a c c ompl i s h s uc h obj e c t i ve , a  s t udy wa s  ma de  by t he  t e c hni c a l  t e a m of  t he  Ar c hi t e c t ur e  
a nd Ci vi l  Engi ne e r i ng De pa r t me nt  of  Uni ve r s i t y of  Be i r a  Int e r i or  ( UBI)  pa r t i c i pa t i ng i n t he  pr o-
j e c t  wi t h t he  pr i or i t y of  e va l ua t e  a nd ma ke  t he  c ha r a c t e r i za t i on of  t he  hous e s ’  i nt e r na l  a nd e x-
t e r na l  c ondi t i ons  a nd e s t a bl i s h a  hous e  r a nki ng t ha t  woul d f unda me nt  t he  i nt e r ve nt i on pr i or i t i e s . 
4.1 Adopted Methodology 
4.1.1 Inspection and Diagnosis 
T he  pr e l i mi na r y vi s i t  t o t he  pl a c e s  a nd hous e s  obj e c t  of  s t udy de mons t r a t e d t ha t  t he  gr oup of  
hous e s  ha d di ve r s i f i e d c ha r a c t e r i s t i c s . T he  hous e s  pr e s e nt e d a  l ow l e ve l  of  c ons t r uc t i on qua l i t y 
a nd of  l i vi ng c ondi t i ons . For  t ha t  r e a s on, a  me t hodol ogy t o pi c k up da t a  or i e nt e d s pe c i f i c a l l y 
f or  t he  s a mpl e  s t udy obj e c t  wa s  de ve l ope d. Obvi ous l y, t hi s  me t hodol ogy i s  ve r y di f f e r e nt  f r om 
t he  ot he r  me t hodol ogi e s  t ha t  a r e  us ua l l y a dopt e d f or  bui l di ngs  of  me di um qua l i t y ( La nzi nha  e t  
a l ., 2001a ,b, 2002) . It  wa s  a l s o c onc l ude d t ha t  mos t  of  t he  hous e s  unde r  a na l ys i s  we r e  s i ngl e -
f a mi l y hous e s , ha vi ng a  ma i nl y r ur a l  a r c hi t e c t ur e , a nd bui l t  by us i ng t he  l oc a l  bui l di ng ma t e r i -
a l s  a nd t ha t  a r e  not  us ua l l y s ubj e c t  t o pe r i odi c  ma i nt e na nc e  wor ks . 
Dur i ng t he  de ve l opme nt  of  t hi s  ne w me t hodol ogy ( La nzi nha  e t  a l ., 2002b)  i t  ha s  be e n e s t a b-
l i s he d t he  ne c e s s i t y of  or ga ni s i ng t he  da t a  ga t he r i ng i n or de r  t o ge t  t hr e e  i nf or ma t i on l e ve l s :  
-  HOUSING SURV EY – T hi s  i nqui r y “ pi c ks  up”  de t a i l e d i nf or ma t i on on t he  hous e  t ype . It  
c ol l e c t s  e l e me nt s  f or  c ha r a c t e r i za t i on of  t he  hous e , oc c upa t i on r e gi me , i nf r a s t r uc t ur e s  
a nd a va i l a bl e  e qui pme nt s  a nd ma i n i nt e r na l  a nd e xt e r na l  a noma l i e s . T he  obj e c t i ve  of  t hi s  
i nqui r y wa s , f unda me nt a l l y, t o know t he  hous e s  ge ne r a l  c ondi t i ons  a nd t o pr ovi de  t he  
s t a t i s t i c a l  t r e a t me nt  of  t hi s  t ype  of  i nf or ma t i on. 
-  OPINION SURV EY – It s  obj e c t i ve  wa s  t o ga t he r  t he  opi ni ons  of  t he  r e s i de nt s  r e ga r di ng 
t he i r  hous e . It  i nt e nds  t o c onf r ont  t he i r  opi ni on r e l a t i ve l y t o t he  ge ne r a l  r e qui r e me nt s  of  
c omf or t  a nd l i vi ng c ondi t i ons  t ha t  a r e  de f i ne d by r e gul a t i ons  a nd t o de t e c t  e ve nt ua l  
a noma l i e s  or  s ys t e ma t i c  di s c onf or mi t i e s  i n r e s pe c t  t o t ha t . T hi s  i nqui r y c a n he l p t o de -
f i ne  i nt e r ve nt i on pr i or i t i e s  ba s e d on r e s i de nt ’ s  e xpe c t a t i ons  i n r e s pe c t  t o t he i r  c omf or t  
a nd l i vi ng c ondi t i ons . 
-  DIAGNOSIS SURV EY – T hr ough t hi s  l a s t  i ndi c a t or  i t  wa s  i nt e nde d t o ge t  a  t e c hni c a l  
e va l ua t i on of  t he  s i t ua t i on. Ha vi ng a s  a n obj e c t i ve  t he  qua nt i t a t i ve  s t udy of  t he  qua l i t y of  
t he  hous e s  a nd of  t he i r  c ons e r va t i on /  de gr a da t i on c ondi t i ons , t he  f i l l i ng f or m t ha t  ha s  
be e n c r e a t e d pr e di c t s  t he  e xi s t e nc e  of  33 obs e r va t i on poi nt s . T he  de f i ne d s t r uc t ur e  pe r -
mi t s  t o know t he  bui l di ng i n t hr e e  ma i n a s pe c t s :  e xt e r na l  c ondi t i ons , s t r uc t ur a l  s i t ua t i on 
a nd i nt e r i or  l i vi ng c ondi t i ons . It  i s  pr e di c t e d t he n t he  pos s i bi l i t y of  not  be i ng pos s i bl e  t o 
e va l ua t e  t he  hous e  i n i t s  t ot a l i t y, r e ma i ni ng, e ve n s o, t he  pos s i bi l i t y of  a  pa r t i a l  e va l ua -
t i on. In t hi s  di a gnos i s  f i l l i ng f or m, t he  e xt e r na l  e va l ua t i on ha s  be e n s ubdi vi de d i n 4 ma i n 
a r e a s :  r oof , e xt e r na l  wa l l s , wi ndow s ys t e m a nd pl uvi a l  dr a i na ge  s ys t e m, i n a  t ot a l  of  14 
obs e r va t i on poi nt s .  
T he  e va l ua t i on of  t he  s t r uc t ur a l  s i t ua t i on s ys t e m i nc l ude s  5 obs e r va t i on poi nt s . 
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T he  e va l ua t i on of  t he  i nt e r na l  s i t ua t i on i nc l ude s  t he  obs e r va t i on of  14 poi nt s , i nc l udi ng 
e va l ua t i on of  c ons t r uc t i ve  a noma l i e s , s a f e t y's  c ondi t i ons , l i vi ng c ondi t i ons , ba s i c  s a ni t a r y i nf r a -
s t r uc t ur e s  a va i l a bl e  a nd oc c upa t i on c ondi t i ons . 
T he  s ur ve y of  hous e  de t a i l e d c ons t r uc t i on c ons i de r s  t he  gr a dua t i on of  a l l  i ns pe c t e d poi nt s  
( e l e me nt s )  i n 4 l e ve l s , be i ng a c c ompa ni e d of  a n a uxi l i a r y r e c or d of  gr a dua t i on c r e a t e d f or  t he  
e f f e c t , de s c r i bi ng t he  e va l ua t i on c ondi t i ons  of  e a c h one  a nd t he  r e s pe c t i ve  c l a s s i f i c a t i on. It  i s  
i nt e nde d wi t h t hi s  a uxi l i a r y doc ume nt  t ha t  t he  a na l ys i s  i s  r i gor ous  a nd t e c hni c a l l y ba s e d, be i ng 
a voi de d s ubj e c t i ve  a ppr e c i a t i ons . 
Si nc e  t hi s  ki nd of  i ns pe c t i on ha s  a  r e ma r ka bl e  t e c hni c a l  c ha r a c t e r  i t  i s  obvi ous  t ha t  i t s  c om-
pl e t i on s houl d be  ma de  by qua l i f i e d a nd t e c hni c a l l y i nf or me d pe r s onne l . 
4.1.2 Evaluation and production of complementary information 
T he  a ppl i c a t i on of  t he  hous e  de t a i l e d c ondi t i ons  s ur ve y r e s ul t e d i n t wo ma i n doc ume nt s :  a  r e -
c or d of  hous e  i ndi vi dua l  a na l ys i s  a nd a  r e c or d of  gl oba l  a na l ys i s  f or  t he  gr oup of  hous e s . 
T he s e  t wo r e c or ds  we r e  s pe c i f i c a l l y c r e a t e d t o gi ve  t he  i nt e r -di s c i pl i na r y pr oj e c t  i nt e r ve ni e nt  
pa r t ne r s  a  wor ki ng doc ume nt , e a s i l y unde r s t a nda bl e , t ha t  obj e c t i ve l y he l p t he  i nt e r ve nt i on de c i -
s i ons  f or  e a c h hous e . 
4.1.3 Record of individual house analysis  
T he  r e c or d of  r e s ul t s  r e l a t i ve  t o e a c h i ns pe c t e d hous e , a s  pr e s e nt e d i n f i gur e  2, i nc l ude s  a n 
i de nt i f i c a t i on c ode  a nd a  pi c t ur e  f or  e a c h hous e . In t hi s  r e c or d, t he  t r e a t me nt  of  c ol l e c t e d da t a  i s  
or ga ni ze d i n s uc h wa y t ha t  gi ve s  t he  pos s i bi l i t y t o a na l ys e  ne e ds  of  i mme di a t e  i nt e r ve nt i on a nd 
s t a t e  of  hous e  c ons e r va t i on. 
4.1.3.1 - 1st Analysis - Needs of immediate intervention 
T he  1 s t  a na l ys i s  i s  t he  pr i ma r y “ s c r e e n”  of  t he  de t e c t e d a noma l i e s . It  ha s  t he  obj e c t i ve  t o e va l u-
a t e  a n i m me di a t e  i nt e r ve nt i on t o be  done , whe ne ve r  pe opl e 's  a nd goods  s a f e t y i s  a t  r i s k or  
whe ne ve r  mi ni mum l i vi ng c ondi t i ons  a r e  not  gua r a nt e e d. 
T he  1 s t  a na l ys i s  gi ve s  c l e a r  i ndi c a t or s  of  r i s k a l e r t . T he s e  i ndi c a t or s  a r e  or ga ni ze d i n 4 l e ve l s , 
whi c h r e f l e c t  t he  de gr e e  of  s e ve r i t y of  t he  c ondi t i ons  f ound i n e a c h hous e , f or  de c r e a s i ng or de r  
of  i mpor t a nc e , a s  f ol l ows :  
-  Le ve l  1.1 - St r uc t ur a l  s a f e t y ( 5 c he c ki ng poi nt s ) :  T o i nt e r ve ne  whe ne ve r  t he  r ui n i s  e mi -
ne nt ;  
-  Le ve l  1.2 – Us e  s a f e t y c ondi t i ons  ( 3 c he c ki ng poi nt s ) :  T o i nt e r ve ne  whe ne ve r  c ondi t i ons  
of  s a f e t y r e l a t e d t o ga s e s  e xt r a c t i on or  e l e c t r i c a l  s ys t e m a r e  s e r i ous  de f i c i e nt ;  
-  Le ve l  1.3 – W a t e r  pe ne t r a t i on ( 1 c he c ki ng poi nt ) :  T o i nt e r ve ne  whe ne ve r  s e r i ous  pr obl e ms  
of  wa t e r  i nf i l t r a t i on e xi s t ;  
-  Le ve l  1.4 – Li vi ng c ondi t i ons  ( 3 c he c ki ng poi nt s ) :  T o i nt e r ve ne  whe ne ve r  publ i c  wa t e r  
s uppl y, dome s t i c  s e we r s  a nd s a ni t a r y f a c i l i t i e s  a r e  i ne xi s t e nt  a s  we l l  a s  i n c a s e s  whe r e  
t he  hous e  i s  ove r  oc c upi e d ( mor e  t ha n one  f a mi l y or  i na de qua t e  be d r oom s ha r i ng) .  
W he ne ve r  one  of  t he s e  c he c ki ng poi nt s  i s  r e gi s t e r e d by t he  i nqui r e r , a n a l e r t  a nd i nt e r ve nt i on 
i nf or ma t i on i s  i mme di a t e l y a va i l a bl e  a nd hi ghl i ght e d. For  e xa mpl e , i f  r i s k of  e mi ne nt  r ui n i s  i n-
di c a t e d i n t he  c he c ki ng poi nt  c or r e s pondi ng t o t he  di a gnos i s  of  t he  s t r uc t ur a l  e l e me nt s , t hi s  wi l l  
hi ghl i ght  t he  r e s pe c t i ve  a l e r t  i ndi c a t or . 
Fur t he r mor e , a s  c ompl e me nt  of  e a c h one  of  t he  a l e r t  i ndi c a t or s , t he  r e s pe c t i ve  c or r e c t i ve  a c -
t i ons  a r e  i mme di a t e l y pr e s e nt e d. 
4.1.3.2 - 2nd Analysis - Level of conservation of the house  
A r e s ul t i ng gr a phi c a l  a na l ys i s  of  t he  s t a t e  of  c ons e r va t i on of  t he  bui l di ng i s  s uppl i e d, i n a gr e e -
me nt  wi t h 3 e va l ua t i on l e ve l s :  Le ve l  2.1 - Qua l i t y of  t he  i nt e r i or ;  Le ve l  2.2 - Ext e r na l  a nd s t r uc -
t ur a l  qua l i t y;  Le ve l  2.3 - Gl oba l  qua l i t y ( e xt e r na l , s t r uc t ur a l  a nd i nt e r na l ) . 
T he  gr a phi c a l  a na l ys i s  r e s ul t s  a r e  e s t i ma t e d ba s e d on we i ght  f a c t or s , c ons i de r i ng t he  di f f e r -
e nt  c he c ki ng poi nt s  of  s ur ve y a nd di a gnos i s  pha s e . T he  we i ght  f a c t or s  we r e  e s t a bl i s he d i n a n 
e mpi r i c a l  wa y, ba s e d on t he  numbe r  of  i ns pe c t i on poi nt s  a nd t he  c ons e que nc e s  of  di f f e r e nt  
hous e  c ons t r uc t i on a noma l i e s  a nd i t s  e xpe c t e d e f f e c t  on t he  e vol ut i on of  t he  c ons e r va t i on c on-
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di t i ons  a nd gl oba l  be ha vi our  of  t he  hous e . T he  we i ght  f a c t or s  gi ve  mor e  i mpor t a nc e  t o t he  c on-
s e que nc e s  of  t he  e ve nt ua l  pr obl e ms  on t he  r oof , t he  de f e c t s  of  pl uvi a l  wa t e r  dr a i na ge  a nd t he  
s t r uc t ur a l  a noma l i e s  i n t he  e vol ut i on of  t he  s t a t e  of  de gr a da t i on of  t he  hous e , a s  t hus  ha ve  
hi ghe r  r e l a t i ve  we i ght  i n r e s pe c t e d t o ot he r  a s pe c t s . 
As  i t  c a n be  ve r i f i e d t hi s  me t hodol ogy of  i ndi vi dua l  hous e  a na l ys i s  i s  pr ogr e s s i ve . It  c ons i d-
e r s  t he  i ns pe c t i on poi nt s  a nd i t  de pe nds  on t he  pos s i bi l i t y of  vi s i t i ng or  not  t he  i nt e r i or  of  t he  
hous e . In t hi s  l a s t  c a s e , t he  e xt e r na l  s i t ua t i on of  t he  hous e  pr e va i l s . 
4.1.4 - Record of global house analysis  
As  i t  wa s  r e f e r r e d pr e vi ous l y i t  i s  i nt e nde d t ha t  i nt e r ve nt i on de c i s i ons  woul d be  obj e c t i ve  a nd 
ba s e d on doc ume nt s  of  e a s y i nt e r pr e t a t i on a nd us e , a l t hough e s s e nt i a l l y t e c hni c a l l y ba s e d. 
T o a c c ompl i s h t hi s  obj e c t i ve  a  gl oba l  a na l ys i s  r e c or d wa s  pr oduc e d, whi c h a l l ows  c ompa r i -
s on of  a l l  s t udi e d hous e s  a nd gi ve s  r e l a t i ve  gr a dua t i on be t we e n t he m. T hi s  ma ke s  pos s i bl e  t he  
de f i ni t i on of  t he  i nt e r ve nt i on pr i or i t i e s . 
T he  e l a bor a t i on of  t hi s  r e c or d, t ha t  e s t a bl i s he s  t he  r a nki ng of  t he  hous e s  i n t he  s a me  wa y, 
c ons i de r s  t he  l e ve l s  of  1 s t  a na l ys i s  of  i mme di a t e  i nt e r ve nt i on a s  we l l  a s  t he  l e ve l s  of  2 nd  a na l y-
s i s .  
 
 
  
 
Figur e  5  –  E xa mp le  o f a n ind ivid ua l filling fo r m ( le ft)   
a nd  o f the  glo b a l filling fo r m o f the  7 4  ho use s ( r ight)  
4.2  - Results  
Af t e r  a na l ys i ng t he  gl oba l  f i l l i ng f or m of  t he  74 i ns pe c t e d r ur a l  hous e s  i t  ha s  be e n c onc l ude d 
t ha t  54 of  t he m ( 73%  of  t he  t ot a l )  ha s  i mme di a t e  i nt e r ve nt i on ne e ds , whi c h r e ve a l s  t he  hi gh 
s t a t e  of  de gr a da t i on of  t he  gr oup of  hous e s  a nd s hows  t ha t  t he  c a r e  wi t h t he  de f i ni t i on of  t he  
mos t  a de qua t e  me t hodol ogy ha ve  be e n a de qua t e , be f or e  t he  e xpe c t e d r e s ul t s . 
T he  ma i n pr obl e ms  de t e c t e d i n t he  us i ng of  hous e s  a r e  t he  i ne xi s t e nc e  of  a ny s a ni t a r y i ns t a l -
l a t i on ( 43%  of  t he  c a s e s )  a nd t o t he  ha ndi c a ps  de t e c t e d i n t he  ki t c he ns  ( 42%  of  t he  c a s e s ) . In 
t he  c a s e  of  ki t c he ns , t he  i ne xi s t e nc e  of  c hi mne ys  or  dome s  t o e xt r a c t  s moke s  a nd ga s e s  i s  c om-
mon. 
T he  opi ni on s ur ve y ha s  s hown t ha t  humi di t y, t he r ma l  c omf or t  c ondi t i ons  a nd, ma i nl y, t he  
non-e f f i c i e nc y of  wa r mi ng s ys t e ms  a r e  t he  ma i n wor r i e s  of  t he  r e s i de nt s . It  ha s  not  be e n de -
t e c t e d a ny ki nd of  s e ns i t i vi t y t o noi s e  or  ba d-s me l l  pr obl e ms . 
T hi s  me t hodol ogy ha s  a l s o be e n s uc c e s s f ul l y a ppl i e d i n t he  pr oj e c t  of  r e ha bi l i t a t i on of  
hous e s  de ve l ope d s ome  ye a r s  a go i n t he  pa r i s h of  Ca nt a r  Ga l o, Covi l hã . 
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5 T HE INT ERV ENT ION ON T HE REHABILIT AT ION OF RURAL HOUSES AS A 
CONT RIBUT E FOR T HE SUST AINABLE CONST RUCT ION 
T he  r e s ul t s  obt a i ne d r e f l e c t  t he  ne e d t o f ur t he r  s t udy t he  gl oba l  s i t ua t i on of  t he  r ur a l  t ype  of  
hous e s . It  s e e ms  e vi de nt  t ha t , be s i de s  na t ur a l  de gr a da t i on of  t he  c ons t r uc t i ve  e l e me nt s , gr e a t  de -
f i c i e nc i e s  i n t he  us e  of  t he  hous e s  we r e  ve r i f i e d, a bove  a l l  f or  l a c k of  t he  r e s i de nt s ´ i nf or ma t i on. 
It  wi l l  be  oppor t une  t o de ve l op s ome  a c t i vi t i e s  t ha t  woul d c ompl e me nt  t he  s i mpl e  a c t i ons  of  
c ons t r uc t i ve  r e ha bi l i t a t i on, s uc h a s :  Cr e a t i on of  a  gui de  t o us e  c or r e c t l y t he  hous e ;  Gi ve  ba s i c  
not i ons  on us e  of  ki t c he ns  a nd s a ni t a r y f a c i l i t i e s ;  Expl a i n t he  c a us e s  of  mor e  c ommon de gr a da -
t i on of  t he  hous e s ;  De ve l op a wa r e ne s s  of  hygi e ne  ha bi t s ;  Impl e me nt a t i on of  i nt e gr a t e d hous i ng 
pi l ot  pr ogr a m de s t i ne d t o s t udy ne w hous e  s ol ut i ons  t o t he  a ge d r ur a l  popul a t i ons . 
In Por t uga l  a  ve r y s i gni f i c a nt  numbe r  of  t hi s  t ype  of  hous e s  e xi s t s , us ua l l y i n ba d s t a t e  of  
c ons e r va t i on a nd f or  t ha t  r e a s on i t  i s  ne c e s s a r y t o de ve l op i n t he  f ut ur e  t hi s  ki nd of  me a s ur e s  
t ha t  ma y ha ve  a  gr e a t  i mpa c t  on t he  popul a t i ons . 
T he  i nve s t i ga t i on on t he  f i e l d of  r ur a l  hous e s ’  r e ha bi l i t a t i on mus t  a l s o be  a  pr i or i t y. It  mus t  
c ont e mpl a t e , a mong ot he r s , t he  s t udy of  ne w s ol ut i ons  t o i mpr ove  t he  qua l i t y of  t hi s  ki nd of  
c ons t r uc t i on a nd, pa r t i c ul a r l y, i mpr ove  t he  hygr ome t r i c  a nd t he r ma l  c omf or t  of  t he s e  hous e s . 
Some  i de a s  f ol l ow, a s  a  c onc l us i on of  t hi s  wor k, s o t ha t  t he  i nve s t i ga t i on a nd i nt e r ve nt i on on 
t he  r e ha bi l i t a t i on of  r ur a l  hous e s  ma y be  done  unde r  a  pe r s pe c t i ve  of  Sus t a i na bl e  Cons t r uc t i on:  
-  T o i mpr ove  t he  t he r ma l  a nd hygr ome t r i c  c omf or t  of  t he s e  hous e s  mus t  be  one  of  t he  ma i n 
pr i or i t i e s  of  i nve s t i ga t i on a nd i nt e r ve nt i on. 
-  T o s t udy ne w s ol ut i ons  t o i mpr ove  t he  t he r ma l  be ha vi our  of  gr ound f l oor s , ma s onr y wa l l s  
a nd t i mbe r  r oof i ng s t r uc t ur e s . Obvi ous l y, t hos e  s ol ut i ons  mus t  be  c he a p s o t ha t  t he  r ur a l  
popul a t i on ma y a dopt  t he m a nd t he y mus t  be  a de qua t e  t o t hi s  ki nd of  c ons t r uc t i on. T o 
s t udy t he i r  c ombi na t i on wi t h t he  t r a di t i ona l  he a t i ng s ys t e ms  a nd wi t h ne w he a t i ng s ol u-
t i ons , mor e  e c ol ogi c  a nd wi t h r e ne wa bl e  powe r  s uppl y ( pa r t i c ul a r l y ge ot he r ma l  a nd s ol a r  
powe r ) . 
-  T o s t udy ne w c ons t r uc t i ve  a nd a r c hi t e c t ur a l  s ol ut i ons  s o t ha t  t he  he a t  l os s e s  a r e  l e s s  i m-
por t a nc e  but  t he r ma l  i ne r t i a  a nd t he  s ol a r  ga i ns  be  i mpr ove d, na me l y wi t h mor e  ope ni ngs  
i n t he  s out h qua dr a nt s . 
-  T o t a ke  a dva nt a ge  of  t he  e xi s t e nc e  of  t r e e s  i n t he  r ur a l  e nvi r onme nt  t o ve nt i l a t e  a nd c ool  
t he  hous e s  mus t  a l s o be  a  t he me  t o de ve l op. 
-  T o s t udy s ol ut i ons  t o r e ha bi l i t a t e  t he  hous e s  i n or de r  t o pr e ve nt  t he  i nf i l t r a t i on of  wa t e r  
t hr ough t he  r oof i ng, wa l l s  a nd pa ve me nt s , i n a  l a s t i ng wa y, i n pa r t i c ul a r  t o e l i mi na t e  t he  
a s c e ns i ona l  humi di t y a nd t he  pr obl e ms  of  i nf i l t r a t i on t hr ough t he  door  a nd wi ndows  
f r a me s , whi c h a r e  ve r y c ommon i n t hi s  ki nd of  hous e . 
-  T o pr omot e  t he  us e  of  t he  t r a di t i ona l  ma t e r i a l s , a s  f a r  a s  pos s i bl e , i n t he  r e ha bi l i t a t i on s o-
l ut i ons . 
-  T o a c t  c a r e f ul l y i n t he  de mol i t i ons . M a ny r ur a l  hous e s  ma y be  de mol i s he d, due  t o i t s  s t a t e  
of  de t e r i or a t i on. T hus , t he  e xi s t e nc e  of  a de qua t e  muni c i pa l  i nf r a s t r uc t ur e s  mus t  be  pr o-
mot e d, t o r e us e  a nd i nc r e a s e  t he  va l ue  of  t he  wa s t e s  pr oduc e d i n t he  de mol i t i ons . ( Gui a  
1999)   
-  T o s t udy s ol ut i ons  t o s e pa r a t e  t he  wa s t e  pr oduc e d dur i ng t he  de mol i t i on a nd s t or e  i t  a c -
c or di ngl y t o i t s  or i gi n. T o us e  de c ons t r uc t i on a nd di s a s s e mbl y t e c hni que s  i ns t e a d of  
ma ki ng ma s s i ve  de mol i t i ons . ( Gui a  1999)   
-  T o f or bi d t he  i nc i ne r a t i on of  c ons t r uc t i on wa s t e s  or  t he  de pos i t i on of  c ont a mi na nt  s ub-
s t a nc e s  i n t he  ge ne r a l  s a ni t a t i on i nf r a s t r uc t ur e s  a nd c ont r ol  t he  ha r mf ul  e mi s s i ons :  noi s e , 
dus t , wa t e r  ( l e a ka ge  or  wa s t e  wa t e r ) , e t c . t o mi ni mi ze  t he  e nvi r onme nt a l  i mpa c t  i n t he  
de mol i t i on pha s e . ( Gui a  1999)  
-  T o e xe c ut e  r e ha bi l i t a t i on wor ks  by a c c ompl i s hi ng t he  dut i e s , r e gul a t i ons  a nd e nvi r on-
me nt a l  l a ws , gua r a nt e e  t he  t a ki ng of  s a f e t y a nd he a l t h me a s ur e s  pr e di c t e d by t he  r e gul a -
t i on a nd ma ke  t he  a c t i ons  of  qua l i t y c ont r ol  ne e de d t o gua r a nt e e  a  good f i na l  qua l i t y. 
-  T o ha ve  s pe c i a l i s e d pe r s onne l  i n t he  a s s e mbl y of  pr e -f a br i c a t e d or  i ndus t r i a l i s e d bui l di ng 
s ys t e ms  t o gua r a nt e e  t he i r  good f unc t i oni ng a nd dur a bi l i t y.   
-  T o pl a n a nd c ont r ol  t he  e xe c ut i on of  t he  wor ks  s o t ha t  t he  pr oduc t  wa s t i ng ma y be  
a voi de d. 
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-  T o t a ke  a dva nt a ge  of  t he  e xi s t e nc e  of  de mol i t i on ma t e r i a l s  a nd s ma s he d pe t r o wa s t e s  t o do 
dr a i na ge  wor ks  or  unde r -ba s i s  pa ve me nt s . T o s e pa r a t e  t he  wa s t e  pr oduc e d dur i ng t he  
de mol i t i ons  a nd s t or e  t he m i n di f f e r e nt  boxe s , a c c or di ngl y t o t he i r  or i gi ns . ( Gui a  1999)   
-  T o r e s pe c t  t he  r ur a l  e nvi r onme nt , obl i gi ng t he  c ont r a c t or  t o de c l a r e  t he  vol ume  of  wa s t e  
pr oduc e d a nd t o s pe c i f y i t s  f i na l  de s t i ny, a s  a n i ndi r e c t  wa y of  pr omot i ng t he  e l i mi na t i on 
of  wa s t e s , t he  a de qua t e  ma na ge me nt  of  t he  wa s t e s  a nd a voi di ng t he  de pos i t i on of  wa s t e s  
i n non-c ont r ol l e d pl a c e s . 
-  T o pr omot e  t he  us e  of  e qui pme nt s  a nd r e us a bl e  a uxi l i a r y e xe c ut i on e l e me nt s , a nd wi t h 
l ow ga s e s  or  noi s e  e mi s s i on l e ve l s  a nd t o c ont r ol  t he  ha r mf ul  e mi s s i ons  i n t he  pha s e  of  
c ons t r uc t i on. 
-  T o a voi d t he  a ppl i c a t i on or  pr oduc t i on of  wor k ma t e r i a l s  wa s t e  pot e nt i a l l y da nge r ous :  
we l di ng pr oduc t s , bi t ume n or  a s be s t os  ma s t i c s , pr e s e r vi ng bi ol ogi c  a ge nt s  ( ge r mi c i de s , 
a nt i oxi da nt s , c r e os ot e ) , pa i nt i ngs  a nd va r ni s he s  ( wa s t e ) , l e a d-ba s e d pa i nt s , di ve r s e  
c he mi c a l  pr oduc t s  ( a nt i c or r os i on, f ungi c i de s , i ns e c t i c i de s , s ol ve nt s , di l ue nt s , a c i ds , a br a -
s i ve s , de t e r ge nt s , e t c .)  ( Gui a  1999)   
 
  
 
Figur e  6  –  E xa mp le s o f r e ha b ilita te d  r ur a l ho use s in P o r tuga l 
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1 PROPOSIT O 
Ga nha  c r e s c e nt e  de s t a que  na  nos s a  vi da  quot i di a na  a  ma ne i r a  c omo nos  r e l a c i ona mos  c om o 
mundo na t ur a l , ma t é r i a  de  e s t r e ma  i mpor t â nc i a  por que  a  t odos  c onc e r ne  o e s t a do de s t a  “ Gr a nde  
Ca s a  que  V i ve mos ” . Es t e  a r t i go pr e t e nde  r e ba t e r  o a c t ua l  pos i c i ona me nt o da  Ar qui t e c t ur a  c om 
o M undo Na t ur a l  que  a  c ont e m, c om e s pe c i a l  e nf oque  na  r e l a ç ã o e s t a be l e c i da  e nt r e  e s t a s  dua s  
di me ns õe s  e  i nc l ui ndo a  nos s a  a ge nda  pr obl e má t i c a :  a  que s t ã o da  s us t e nt a bi l i da de . Ne s t e  s e nt i -
do, c onvé m t r a ç a r  um qua dr o c ul t ur a l  e  t e c nol ógi c o do pr e s e nt e  mome nt o pa r a  di s c e r ni r  do 
i mpa c t o de s t e s  na  bi os f e r a  e  qua i s  a s  ma i s  va l i a s  de  uma  c ons t r uç ã o s us t e nt á ve l  a c e s s í ve l  a  
t odos .  
2 NAT URAL 
2.1 Espaço e tempo 
Sã o i r r e f ut á ve i s , hoj e , os  a r gume nt os  que  a pont a m uma  c a us a l i da de  a nt r opogé ni c a  pa r a  a s  
t r a ns f or ma ç õe s  oc or r i da s  na  Ec os f e r a . O a pe l o pa r a  a  pr obl e má t i c a  a mbi e nt a l  f a z, hoj e  e m di a , 
pa r t e  do nos s o i nt e r e s s e  c ol e c t i vo. Pa r a doxa l me nt e , t odos  os  s e c t or e s  da  s oc i e da de  j á  pe r c e be -
r a m que  e xi s t e m a l t e r na t i va s  vi á ve i s  pa r a  e s t e  i mpa s s e . A a c t ua l  t e c nos f e r a  e nc ont r a -s e  s uf i -
c i e nt e me nt e  de s e nvol vi da  pa r a  pr oduzi r  s ol uç õe s  c a pa ze s  de  r e s ponde r  s a t i s f a t or i a me nt e  à s  
nos s a s  pr e me nt e s  ne c e s s i da de s  e  vont a de s . Pr ova  di s s o me s mo f oi  a  r e c e nt e  i nt e r ve nç ã o do e x-
V i c e  Pr e s i de nt e  dos  Es t a dos  Uni dos  da  Amé r i c a , Al be r t  “ Al ”  Gor e , e m que  c or a j os a me nt e  l a n-
ç ou um r e pt o a  t odos  os  s e us  c ompa t r i ot a s :  
 
Arq u itectu ra En q u an to  In terf ace Din âmico  co m o  Mu n d o  Natu ral 
Al ex andre Lourei ro, Arq  
BAWLAB, Porto, Portugal 
ABST RACT :  O mode l o c onc e pt ua l  que  me l hor e s  r e s ul t a dos  pr á t i c os  c ons e gue  a  t odos  os  
ní ve i s  no domí ni o da  a r qui t e c t ur a  e nf or ma da  pe l a s  que s t õe s  e c ol ógi c a s  é  de  pr e oc upa ç õe s  
bi oc l i má t i c a s . As  pr i nc i pa i s  or i e nt a ç õe s  a r qui t e c t óni c a s  da  a c t ua l i da de  c onc e be m t odo t e r r i t ór i o 
c omo pa i s a ge m ( c ons t r uí da  ou nã o c ons t r uí da )  numa  a t i t ude  i nt e gr a dor a  que  e s ba t e  a  ve l ha  
s e pa r a ç ã o di c ot ómi c a  e nt r e  na t ur a l  e  a r t i f i c i a l . De s t a  s i mbi os e  e nt r e  o na t ur a l  e  o a r t i f i c i a l , 
na s c e  o c onc e i t o de  e c omonume nt a l i da de  que  e nt e nde , e m úl t i ma  i ns t â nc i a , a  s e ns i bi l i da de  pa r a  
c om o M undo Na t ur a l . De s t a  f e i t a , a  a r qui t e c t ur a  c ome ç a  a  i nc or por a r  o a pe l o à  Na t ur e za  e  à s  
pr e oc upa ç õe s  a mbi e nt a i s , na  qua l  s e  f unde m os  e ns i na me nt os  ve r ná c ul os  c om os  t e c nol ógi c os  
que  r e s ul t a m numa  c onc e pç ã o t é c ni c a  a nt i -de s pe s i s t a  e  c om pr of undo r e s pe i t o pe l o va l or  l uga r . 
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“ T oda y I c ha l l e nge  our  na t i on t o c ommi t  t o pr oduc i ng 100 pe r c e nt  of  our  e l e c t r i c i t y f r om r e -
ne wa bl e  e ne r gy a nd t r ul y c l e a n c a r bon-f r e e  s our c e s  wi t hi n 10 ye a r s . T hi s  goa l  i s  a c hi e va bl e , a f -
f or da bl e  a nd t r a ns f or ma t i ve . It  r e pr e s e nt s  a  c ha l l e nge  t o a l l  Ame r i c a ns  - i n e ve r y wa l k of  l i f e :  t o 
our  pol i t i c a l  l e a de r s , e nt r e pr e ne ur s , i nnova t or s , e ngi ne e r s , a nd t o e ve r y c i t i ze n” . ( Gor e , 2008)  
Um a us pi c i os o di s c ur s o poi s  a  c onf i r ma r -s e  e s t a  i nt e nç ã o, s e r i a  a  ma i s  r á pi da  t r a ns i ç ã o t e c -
nol ógi c a  de  t oda  a  hi s t ór i a  da  Huma ni da de . Se m dúvi da  que  e s t e  di s c ur s o i ns pi r a dor  c ons e gui u 
c a na l i za r  a s  a t e nç õe s  pa r a  a  ne c e s s i da de , c a pa c i da de  e  vont a de  de  uma  e f e c t i va  muda nç a  de  
pa r a di gma . J á  a nt e r i or me nt e  t i nha  c ons e gui do mobi l i za r  t oda  a  s oc i e da de  gl oba l  pa r a  a  pr obl e -
má t i c a  da  e c ol ogi a  e  s us t e nt a bi l i da de  i nt r oduzi ndo-nos  di da c t i c a me nt e  na s  que s t õe s  s i s t é mi c a s  
r e l a c i ona da s  c om a s  muda nç a s  c l i má t i c a s , s ua s  or i ge ns , e f e i t os  e  r i s c os  a s s oc i a dos . ( Gor e , 
2006)  Impor t a , no e nt a nt o, de s e nvol ve r  um pos i c i ona me nt o c r í t i c o r e l a t i va me nt e  a o mode l o de  
de s e nvol vi me nt o de s t a  pr obl e má t i c a , i s t o é , r e f l e c t i r  s obr e  a s  pr i nc i pa i s  opç õe s  t e c nol ógi c a s  e  
a s  s ua s  e ve nt ua i s  r e pe r c us s õe s  no M undo Na t ur a l  poi s  a  c ons t r uç ã o de  e di f í c i os  é  o pr oc e s s o 
c om ma i or  i mpa c t o na  e c os f e r a  a  qua l  e mpr e ga  c e r c a  de  60%  dos  r e c ur s os  ut i l i za dos  pe l a  
Huma ni da de . ( Edwa r ds , 2004)  Pa r a doxa l me nt e , os  pe que nos  c ont r i but os  t e c nol ógi c os , t a i s  
c omo a ut omóve i s  ma i s  e f i c i e nt e s , c om me nor e s  c ons umos  e  e mi s s õe s , pr oc e s s os  i ndus t r i a i s  
ma i s  l i mpos  e  s e gur os , t e nt a m mi t i ga r  os  e f e i t os  ne ga t i vos  dos  a nt e r i or e s  e , de s t a  f e i t a , mi nor a r  
o nos s o s e nt i me nt o de  c ul pa  pe r a nt e  a s  que s t õe s  a mbi e nt a i s . No c a mpo da  a r qui t e c t ur a  a  s i t ua -
ç ã o a c ompa nha  e s t a  t e ndê nc i a  ge ne r a l i za da  pa r a  a pe t r e c ha r  os  e di f í c i os  c om a r t i f í c i os  t e c nol ó-
gi c os  t r a ns f or ma ndo-os  e m obj e c t os  pr e t e ns i os a me nt e  ma i s  ‘ ve r de s ’ , ma i s  e c ol ógi c os , e c o-
e f i c a ze s , e c o-e f i c i e nt e s  e  i nt e r a c t i vos  c om os  e l e me nt os  na t ur a i s , de s t a c a ndo-s e  a pe na s  pe l os  
s e us  a t r i but os  t e c nol ógi c os . 
T or na -s e  e vi de nt e , por t a nt o, que  s ã o ne c e s s á r i a s  r e or ga ni za ç õe s  e s t r ut ur a i s  da s  c ol e c t i vi da -
de s , e m pa r t i c ul a r  da s  oc i de nt a i s , pa r a  mi ni mi za r  os  r i s c os  de c or r e nt e s  da s  t e c nol ogi a s  que  s ur -
gi r a m c om o a dve nt o da  M ode r ni da de , i s t o é , c om o pr oc e s s o de  mode r ni za ç ã o da  s oc i e da de . 
Pa r a  o s oc i ól ogo Al e mã o Ul r i c h Be c k a  M ode r ni da de , ou Pr i me i r a  M ode r ni da de , r e l a c i ona -s e  
hi s t or i c a me nt e  c om o pe r í odo c or r e s ponde nt e  a o na s c i me nt o da  Soc i e da de  Indus t r i a l , mome nt o 
e m que  s e  de s e nvol ve  o mode l o de  mode r ni za ç ã o da  s oc i e da de  e ur ope i a . Ca r a c t e r i za -s e , por t a n-
t o, por  um f or t e  i nc r e me nt o e  pr e domi nâ nc i a  da  a c t i vi da de  i ndus t r i a l , ba s e a da  na  e xpl or a ç ã o de  
r e c ur s os  huma nos  e  na t ur a i s , que  s ubt r a i u a s  c ol e c t i vi da de s  huma na s  do j ugo do s i s t e ma  f e uda l  
e  a s  i nt r oduzi u na  f r e né t i c a  t e c nos f e r a  da s  s uc e s s i va s  i nve nç õe s  t e c nol ógi c a s  que  c ul mi na r a m 
na  c ha ma da  Re vol uç ã o Indus t r i a l  do s é c ul o X V III. Por  s ua  ve z, a  Se gunda  M ode r ni da de  c om-
pr e e nde  t e mpor a l me nt e  o pe r í odo e nt r e  a  s e gunda  me t a de  do s é c ul o X X  e  o mome nt o a c t ua l . A 
Se gunda  M ode r ni da de , ou M ode r ni da de  Re f l e xi va , é  e nt e ndi da  c omo um pr oc e s s o de  c r í t i c a  e  
r e f l e xã o c ont í nua  dos  modos  pos t ul a dos  pe l a  Soc i e da de  Indus t r i a l . Dur a nt e  e s t e  pr oc e s s o a s  
a nt i ga s  i ns t i t ui ç õe s  c i e nt í f i c a s  e  t e c nol ógi c a s , f i é i s  de pos i t á r i a s  da  ve r da de  e  pr ogr e s s o da  
mode r ni za ç ã o, s ã o de s a c r e di t a da s  pe l a  f a l ê nc i a  ou i nope r â nc i a  dos  s e us  pos t ul a dos  na  c ons t r u-
ç ã o de  uma  s oc i e da de  i ndus t r i a l  ma i s  e qui t a t i va  e  s e gur a . Sã o a i nda  ponde r a dos  os  e f e i t os  c ol a -
t e r a i s  e / ou i ne s pe r a dos , nome a da me nt e  os  de s e qui l í br i os  no e c os s i s t e ma  e  a  a gr e s s ã o a o me i o 
a mbi e nt e . ( Be c k, 1998)  
O mome nt o pa r t i c ul a r me nt e  pr obl e má t i c o que  a t r a ve s s a mos , a s  s oc i e da de s  c ont e mpor â ne a s  
e nc ont r a m na s  pot e nc i a l i da de s  da  gl oba l i za ç ã o, da  c omuni c a ç ã o e m r e de , e  da  c r e s c e nt e  i ndi vi -
dua l i za ç ã o os  i ns t r ume nt os  ne c e s s á r i os  a  pr oduzi r  a  ne c e s s á r i a  ma s s a  c r i t i c a  pa r a  c onf r ont a r  os  
pr obl e ma s  i nt r oduzi dos  pe l a  pr ópr i a  M ode r ni da de . A s upe r a ç ã o da s  a nt i nomi a s  e  i ns uf i c i ê nc i a s  
da  M ode r ni da de , ou a nt e s , a  M ode r ni da de  Re f l e xi va , or i gi na  a  f or ma ç ã o de  uma  nova  pos t ur a  e  
c ons c i ê nc i a  do pr oc e s s o de  Re -M ode r ni za ç ã o da  s oc i e da de , c uj a  e xpr e s s ã o má xi ma  va i  de  
e nc ont r o a os  pr i nc í pi os  de  s us t e nt a bi l i da de .  
A que s t ã o da  s e gur a nç a  e  c ont r ol o, e m pa r t i c ul a r  e c ol ógi c o, s ã o t e ma s  r e c or r e nt e s  qua ndo s e  
e l a bor a  a c e r c a  dos  pr i nc i pa i s  de s a f i os  da  Se gunda  M ode r ni da de . Os  r e gi s t os  e  r e s ul t a dos  a nó-
ma l os  pr oduzi dos  pe l a  c i ê nc i a  e  t e c nol ogi a  oc i de nt a l  r e pr e s e nt a m um a c r é s c i mo s i gni f i c a t i vo 
no ní ve l  e  pe r c e pç ã o dos  r i s c os . A Soc i e da de  de  Ri s c o de  Be c k e nt r e ve  t oda  a  t e c no-c i ê nc i a  
c omo i nt r i ns e c a me nt e  pe r i gos a  e  pot e nc i a l me nt e  f a t a l  pe l a  i mpr e vi s i bi l i da de  dos  s e us  e f e i t os  e  
pe l a  i nc a pa c i da de  de  dome s t i c a ç ã o do f ut ur o. Em r e a c ç ã o, a  M ode r ni da de  Re f l e xi va , a t r a vé s  do 
pr oc e s s o de  r e f or ma  e  r e or ga ni za ç ã o da  Soc i e da de  Indus t r i a l , de s e nvol ve  uma  e s t r a t é gi a  ba s e a -
da  e m pr i nc í pi os  c a pa ze s  de  r e duzi r  a  vul ne r a bi l i da de  ou s obr e e xpos i ç ã o a os  e f e i t os  ne ga t i vos  
da  a c t i vi da de  huma na :  Sus t e nt a bi l i da de . Es t a  a s s ume -s e  e nt ã o c omo um novo mode l o pa r a di g-
má t i c o de  de s e nvol vi me nt o que  t oma  f or ma  num pa c ot e  de  me di da s  de  s e gur a nç a  e  c ont r ol o 
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a mbi e nt a l , t e nt a ndo di mi nui r  os  r i s c os  a s s oc i a dos  a os  de s e nvol vi me nt os  c i e nt í f i c os  que  pr opor -
c i ona r a m um e nt e ndi me nt o do e s t a do do M undo Na t ur a l . Por  out r o l a do, t r a duz, t a mbé m, a  
ne c e s s i da de  de  um me l hor  r e l a c i ona me nt o do Home m c om o M e i o Ambi e nt e .  
2.2 Arquitectura de limites  
A c e l e br e  de f i ni ç ã o de  s us t e nt a bi l i da de  ou de s e nvol vi me nt o s us t e nt á ve l  ( * “ [ … ]  de ve l opme nt  
t ha t  me e t s  t he  ne e ds  of  t he  pr e s e nt  wi t hout  c ompr omi s i ng t he  a bi l i t y of  f ut ur e  ge ne r a t i ons  t o 
me e t  t he i r  own ne e ds .”  - W or l d Comi s s i on on Envi r onme nt  a nd De ve l opme nt , Our Common 
Future . Oxf or d:  Oxf or d Uni ve r s i t y Pr e s s , 1987)  pr opos t a  pe l a s  Na ç õe s  Uni da s  e m 1986 a qua n-
do da  e l a bor a ç ã o do r e l a t ór i o da , c omumme nt e  de nomi na da , Comi s s ã o Br undt l a nd, na s c e  pr e c i -
s a me nt e  da  ne c e s s i da de  de  c ompr e e nde r  os  l i mi t e s  e  r e gul a r  a  a c ç ã o huma na  à  e s c a l a  gl oba l  
s obr e  os  s i s t e ma s  na t ur a i s . ( W CED, 1987)  
Ne s t e  r e l a t ór i o r e a f i r ma r a m-s e  ve l ha s  que s t õe s  r e l a c i ona da s  c om o c r e s c i me nt o e , pr i nc i pa l -
me nt e  c om os  modos  da  a c ç ã o huma na , e  s ua s  i mpl i c a ç õe s  na  de mogr a f i a , e c onomi a , t e c nol o-
gi a , pos t a s  a  de s c obe r t o uma  dé c a da  a nt e s  pe l o de nomi na do Cl ube  de  Roma . At r a vé s  de  uma  
a bor da ge m hol í s t i c a  t e nt a m c ompr e e nde r  a  i nf l uê nc i a  do a mbi e nt e  no de s e nvol vi me nt o s oc i a l , 
e c onómi c o, pol i t i c o, ps i c ol ógi c o e  c ul t ur a l  ma s  t a mbé m c om o i nt ui t o de  c ompr e e nde r  a  ve r da -
de i r a  a mpl i t ude  dos  e f e i t os  a nóma l os  pr oduzi dos  e  ma ni f e s t a dos  à  e s c a l a  gl oba l , a o ní ve l  dos  
s i s t e ma s  a mbi e nt e -popul a ç ã o-e c onomi a .  
A i nve s t i ga ç ã o f oi  c onduzi da  pe l o Sys t e m Dyna mi c  Gr oup do M IT , l i de r a do pe l a  i nve s t i ga -
dor a  Ame r i c a na  Done l l a  “ Da na ”  M e a dows , do qua l  r e s ul t ou o pol é mi c o r e l a t ór i o i nt i t ul a do 
Limits to Growth, t e ndo s i do publ i c a do e m 1972. At r a vé s  de  uma  a na l i s e  e s c a t ol ógi c a , c ol oc ou-
s e  a  de s c obe r t o o c onf l i t o l a t e nt e  e nt r e  o mode l o de  c r e s c i me nt o e c onómi c o e  o mundo na t ur a l . 
Os  mode l os  c omput or i za dos  ut i l i za dos  na  i nve s t i ga ç ã o pe r mi t i r a m f a ze r  um e s t udo e s pe c ul a t i -
vo s obr e  os  f ut ur os  de s e nvol vi me nt os  dos  s i s t e ma s  na t ur a i s  e  huma nos  ma nt e ndo-s e  i na l t e r a dos  
os  pr e s e nt e s  ní ve i s   e  f or ma s  de  a c t ua ç ã o s obr e  o mundo na t ur a l , nome a da me nt e  a o ní ve l  do 
c r e s c i me nt o de mogr á f i c o e  e c onómi c o. Em t odos  os  c e ná r i os , me s mo os  ma i s  opt i mi s t a s , i ndi -
c a va m uma  f a l ê nc i a  i mi ne nt e  dos  s i s t e ma s  na t ur a i s . Es t e  f a c t o t r a r i a  c ons t r a ngi me nt os  de  uma  
e s c a l a  e  i nt e ns i da de  nunc a  vi vi dos  e s pe r a ndo-s e  uma  e s c a s s e z de  r e c ur s os  ( i nc l ui ndo os  ma i s  
bá s i c os ) , r e s ul t a nt e s  da  pol ui ç ã o e  do ma l  e s t a r  ge r a l  do pl a ne t a . 
V ol vi dos  30 a nos , e s t e  me s mo gr upo de  i nve s t i ga dor e s  r e l a nç ou o pol é mi c o t e ma  dos  l i mi t e s  
de  c r e s c i me nt o f a ze ndo um pont o de  s i t ua ç ã o do a c t ua l  mome nt o. Ape s a r  da s  s i gni f i c a t i va s  
muda nç a s  na  t e c nos f e r a , na s  i ns t i t ui ç õe s  e  nos  há bi t os  huma nos , t odo o mundo de s e nvol vi do 
c ont i nua  s obr e  a  a me a ç a  de  um a br upt o e  de f i ni t i vo c ol a ps o e nt r e  e s t e s  os  s i s t e ma s  na t ur a i s  e  
a r t i f i c i a i s . A me ns a ge m é  ba s t a nt e  c l a r a  e  e xpl í c i t a . Os  a vi s os  de  1972 e  de  2002 pr opõe m f e r -
r a me nt a s  e f i c a ze s  na  t r a ns i ç ã o pa r a  um s i s t e ma  s us t e nt á ve l . Ape s a r  de  nã o a va nç a r e m c om uma  
s ol uç ã o c onc r e t a  pa r a  a  pr obl e má t i c a  da  s us t e nt a bi l i da de , ne m r e f e r e nc i a r e m os  mol de s  e  pa r â -
me t r os  de  um de s e nvol vi me nt o s us t e nt á ve l , a pr e s e nt a m um c onj unt o de  me di da s  pr e ve nt i va s  no 
s e nt i do de  l i mi t a r  ou c ont r ol a r  o us o dos  r e c ur s os . ( M a e dows , 2004)  
As  i mpl i c a ç õe s  de s t e s  na  Ar qui t e c t ur a  r e s ul t a r a m c ont e nç õe s  de  or de m ma t e r i a l  e , pr i nc i -
pa l me nt e , e ne r gé t i c a  pe l a  de pe ndê nc i a  da s  e ne r gi a s  e  ma t e r i a i s  pr ove ni e nt e s  de  uma  úni c a  f on-
t e , pr ot a goni za da  pe l a  he ge moni za ç ã o da s  ba s e s  t e c nol ógi c a s  pr opos t a s  pe l a  e c onomi a  de  me r -
c a do gl oba l . Es t e s  e ve nt os  c ol oc a r a m e m c a us a  o ve l ho mode l o e c onómi c o e  s oc i a l  ope r a ndo 
uma  ve r da de i r a  vi r a ge m pa r a di gmá t i c a  à  qua l  a  a r qui t e c t ur a  nã o f i c ou i s e nt a , pr e ve ndo s é r i os  
c ons t r a ngi me nt os .  
A noç ã o de  l i mi t e s  de  c r e s c i me nt o s e mpr e  e s t e ve  a s s oc i a da  a  i de i a  de  s us t e nt a bi l i da de  e  c uj o 
c onc e i t o s e  f oi  e s bor oa ndo a o l ongo de s t e s  úl t i mos  duze nt os  a nos . Nos  a s s e nt a me nt os  huma nos  
da  Gr é c i a  Ant i ga , qua ndo ul t r a pa s s a do o l i mi t e  de mogr á f i c o e s t a be l e c i do c omo a c e i t á ve l  pa r a  
uma  de t e r mi na da  c i da de , os  ha bi t a nt e s  e r a m i nc e nt i va dos  a  pr oc ur a r  ou f unda r  nova s  c ol óni a s  
pr e ve ni ndo uma  i ns t a bi l i da de  e c ol ógi c a  ( ma s  t a mbé m e c onómi c a  e  s oc i a l )  no bi ót opo e m que  
e s t a va m i ns e r i dos . Pa r a  uma  c i da de  na  Ida de  M é di a , a  noç ã o de  l i mi t e  de  c r e s c i me nt o e r a  
i mpos t a  f i s i c a me nt e  pe l a  c i nt ur a  de  mur a l ha s  que , c om o s e u c ons t r a ngi me nt o f í s i c o e  t e c nol ó-
gi c o c ondi c i ona va  o c ons umo de  r e c ur s os  à  me s ma  ve l oc i da de  c om que  s e  r e ge ne r a va m. De s de  
a  Re vol uç ã o Indus t r i a l  que  o mundo di t o “ de s e nvol vi do”  s e  a f a s t ou de s t e  i dí l i c o c e ná r i o de  
e qui l í br i o onde  c omunga va  do i nf i ndá ve l  pode r  r e ge ne r a t i vo da  Na t ur e za , e nve r e da ndo, pe r i go-
s a me nt e , por  um c a mi nho de  i nc a ut os  c ons umos  pr opor c i ona dos  e  e s t i mul a dos  por  uma  i ndús -
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t r i a  t r a ns f or ma t i va  pode r os a . Na  Cont e mpor a ne i da de  t or na m-s e  e vi de nt e s  a s  c ons e quê nc i a s  
de s t r ut i va s  de s t e  i r r e s pons á ve l  modo de  vi da  c a us a ndo pr obl e ma s  a mbi e nt a i s  be m c onhe c i dos  
de  t odos  nós :  de s pe r dí c i o, pol ui ç ã o, de s f l or e s t a ç ã o e  a que c i me nt o gl oba l . Ape s a r  de , a pa r e nt e -
me nt e , c ompr e e nde r mos  a  or i ge m e  f unc i ona me nt o de s t e s  f e nóme nos  pouc o ou na da  s e  t e m f e i -
t o pa r a  a l t e r a r  a  ma t r i z de  a c ç ã o e  de s e nvol vi me nt o.  
T oma ndo e m c ons i de r a ç ã o e s t e s  f a c t os , a  Ar qui t e c t ur a  vê -s e  na  ne c e s s i da de  de , a  c ur t o pr a -
zo, r e e l a bor a r  a s  s ua s  pr á t i c a s  pa r a  ní ve i s  de  a c t ua ç ã o ma i s  s us t e nt á ve i s  f a ze ndo um us o s e ns a -
t o da  e s c a s s e z de  r e c ur s os  e  ma t e r i a i s  di s poní ve i s . Em úl t i ma  i ns t â nc i a , uma  da s  me di da s  que  
pode r á  s e r vi r  de  a poi o pa r a  e s t a  t r a ns i ç ã o pode  pa s s a r , e ve nt ua l me nt e , pe l a  ne c e s s i da de  de  l i mi -
t a r  o í mpe t o c ons t r ut i vo, f a c t o que  c ol oc a r i a  o s e c t or  e c onómi c o e  pr of i s s i ona l  e m c he que . 
Por é m, os  c ons t r a ngi me nt os  r e l a t i va me nt e  a o us o de  ma t e r i a i s  e  a  i nvi a bi l i da de  de  uma  pol i t i c a  
l i mi t a t i va  da s  nova s  c ons t r uç õe s  pr e s s upõe m a  pr oc ur a  de  me di da s  que  e nt r e ve j a m na  r e ut i l i za -
ç ã o de  a l guns  e l e me nt os  c ons t r ut i vos  uma  s ol uç ã o vi á ve l  que  c ompa t i bi l i za  a  ne c e s s i da de  de  
c r e s c i me nt o c om ne c e s s i da de  de  l i mi t a r  e  c ont r ol a r  o us o dos  r e c ur s os . 
2.3 Reparadigmatização  
Pode mos  e nc ont r a r  no c a mpo da s  Ci ê nc i a s  Na t ur a i s  e  Huma na s  a s  di r e c t r i ze s  que  pode m 
r e f or ma r  os  pa r â me t r os  de  uma  nova  f or ma  de  de s e nvol vi me nt o da  a r qui t e c t ur a  e  c ons t r uç ã o e , 
e m úl t i ma  a ná l i s e , a  pr ópr i a  s oc i e da de  oc i de nt a l . Enc ont r a mos  no f i l ós of o f r a nc ê s  Edga r  M or i n 
a  vont a de  de  e nf or ma r  e s t e  pa r a di gma  e me r ge nt e  – a  Compl e xi da de  – pe l a  ne c e s s i da de  de  r e or -
ga ni za r  e  r e l i ga r  o pe ns a me nt o t r a ns di s c i pl i na r me nt e  pa r a  r e s ponde r  e  e nf r e nt a r  a s  pr e oc upa n-
t e s  que s t õe s  do nos s o t e mpo. ( M or i n, 2003)  
 A a r qui t e c t ur a , i mbuí da  de s t e  pe ns a me nt o e  vi nc ul a da  pe l os  r e c e nt e s  a va nç os  na  Bi ol ogi a , 
de s e nvol ve  uma  e mpa t i a  pe l os  s i s t e ma s  e c ol ógi c os  e  na t ur a i s  i nc or por a ndo a s  me t á f or a s  e  a na -
l ogi a s  bi ol ógi c a s  e , e m pa r t i c ul a r , a  r e f e r ê nc i a  a o or gâ ni c o. A a r qui t e c t ur a  pr oc ur a , a s s i m, uma  
i de nt i f i c a ç ã o a  um or ga ni s mo vi vo e m pl e no di á l ogo c om o e nt or no num c l a r o e s f or ç o de  c om-
pa t i bi l i za ç ã o dos  s i s t e ma s  na t ur a i s  c om os  a r t i f i c i a i s , i s t o é , a me ni za  o e mpr e go e xt e ns i vo da  
má qui na  c om pr of undo r e s pe i t o pe l o us o de  ma t e r i a i s  l oc a i s . ( M ont a ne r , 2002)  
No s e gui me nt o di s t o, a t e nt a mos  na  di nâ mi c a  r e c ur s i va  da  r e l a ç ã o na t ur a l / a r t i f i c i a l , e  a s  r e c í -
pr oc a s  r e s s onâ nc i a s  e ndóge na s  que  e m c ons t a nt e  a j us t e  t e nt a m r e e qui l i br a r  o s i s t e ma  e c ol ógi c o. 
Se gundo o f i l os of o Nor ue guê s  Ar ne  Na e s s  a  e xi s t ê nc i a  de  uma  pe r s pe c t i va  e c os óf i c a s , i s t o é , 
de  uma  s a be dor i a  e c ol ógi c a  e m de t r i me nt o de  uma  f i l os óf i c a  e c ol ógi c a , pe r mi t e  ‘ a pr of unda r ’  o 
ní ve l  da s  r e l a ç õe s  do home m e  da s  s ua s  pr oduç õe s  c om o mundo na t ur a l  e nt e nde ndo o home m 
numa  r e l a ç ã o de  r e c i pr oc i da de  e  i nt e r de pe ndê nc i a  c om o mundo na t ur a l  ( Na e s , 1995) . Na  ópt i -
c a  de  Na e s  o r e s ul t a do a r qui t e c t óni c o do s e u e ga l i t a r i a ni s mo bi os f é r i c o s ó s e  pode  ma ni f e s t a r  
na  pr oduç ã o de  e s t r ut ur a s  ve r ná c ul a s  e  no us o de  t e c nol ogi a s  t r a di c i ona i s  t í pi c a s  de  um l uga r . 
( Na e s , 1995)  Por  out r o l a do, a  vi s ã o f r a gme nt a da  da s  e s f e r a s  e c ol ógi c a s  e  o pe ns a me nt o r i zo-
má t i c o que  o f i l os of o Fr a nc ê s  Fé l i x Gua t t a r i  de f e nde  e nc ont r a  a f i ni da de s  c om a s  e s t r ut ur a s  
móve i s , l i ge i r a s  e  de  ba i xo i mpa c t o, c ol oc a ndo gr a nde  ê nf a s e  na s  nova s  t e c nol ogi a s  e  t i pol o-
gi a s . ( Gua t t a r i , 2000)  
3 ART IFICIAL  
Ao l ongo da  hi s t ór i a  da  huma ni da de , vá r i a s  f or a m a s  c i vi l i za ç õe s  que  s e  de pa r a r a m c om s i t ua -
ç õe s  de  i mi ne nt e  c ol a ps o e  out r a s  que  a t i ngi r a m e l e va dos  gr a us  de  de s e nvol vi me nt o t é c ni c o. 
Por é m, ne nhuma  f oi  c a pa z de  pr oduzi r  t ã o f or t e s  e  i r r e ve r s í ve i s  da nos  na  e c os f e r a  ou f i c a r  pr o-
f unda me nt e  i nf l ue nc i a do pe l os  mé t odos  e  t é c ni c a s . As  f e r r a me nt a s  e s s e nc i a i s  pa r a  a  c onc r e t i za -
ç ã o de  qua l que r  obj e c t o pa s s a m, i nva r i a ve l me nt e , pe l o c onhe c i me nt o pr of undo da s  di f e r e nt e s  
t é c ni c a s  e  t e c nol ogi a s  c om o i nt ui t o de  a r t i c ul a r  pe ns a me nt o e  pr á t i c a  pr oj e c t ua l  ( c ons t r ut i va ) . 
As  t é c ni c a s  di t a s  mode r na s , he r da da s  da  Re vol uç ã o Indus t r i a l , pr oduzi r a m e f e i t os  c a t a s t r óf i c os  
no gl obo. Em mome nt o a l gum da  l onga  e vol uç ã o huma na , e xi s t i r a m c i vi l i za ç ã o que  a t i ngi r a m 
e l e va dos  gr a us  de  e xc e l ê nc i a  t é c ni c a  ma s , c ur i os a me nt e , ne nhuma  f oi  c a pa z de  pr oduzi r  t ã o f or -
t e s  e  i r r e ve r s í ve i s  da nos  na  e c os f e r a  ou que  f os s e m pr of unda me nt e  i nf l ue nc i a dos  pe l os  mé t odos  
e  obj e c t i vos  da s  t e c nol ogi a s  e  t é c ni c a . A di s c us s ã o e m vol t a  dos  a va nç os  da  t é c ni c a  e  dos  
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de s e nvol vi me nt os  t e c nol ógi c os  e nf a t i za  a  ne c e s s i da de  de  um r e t or no à  ha r moni a  e c ol ógi c a  
e nt r e  a s  pr oduç õe s  huma na s  e  a  Na t ur e za . ( M umf or d, 1950)  
Pa r e c e  que  é  t ot a l me nt e  i nvi á ve l  c omo i mpr ová ve l  que  ne s t e  pr e c i s o mome nt o ha j a  l uga r  a  
r e t r oc e s s o t e c nol ógi c o pa r a  pa t a ma r e s  pr i mi t i vos  ma s , pe l o c ont r á r i o, ( r e ) e vol uc i ona r  o a c t ua l  
qua dr o t e c nol ógi c o. As s i m, a  Ar qui t e c t ur a  e nf or ma da  ne s t e  mos a i c o t e c nol ógi c o, di s põe  de  
novos  di s pos i t i vos  que  t oma m c omo r e f e r ê nc i a  os  pr ópr i os  mode l os  e  s i s t e ma s  or gâ ni c os  no 
que  c onc e r ne , pa r t i c ul a r me nt e , a o us o e  ge s t ã o dos  r e c ur s os  ma t e r i a i s  e  e ne r gé t i c os . Pa r a  t a l , 
ponde r a mos  a c e r c a  da  qua l i da de  e  f or ma  de  i nt e r a c ç ã o dos  s i s t e ma s  t e c nol ógi c os  e  t i pol ogi a s  
a r qui t e c t óni c a s  c om os  e l e me nt os  na t ur a i s  de  ma ne i r a  a  pr ove r  s ol uç õe s  a l t e r na t i va s  pa r a  a  pr o-
duç ã o e ne r gé t i c a . ( M umf or d, 1950)  
É pr e c i s a me nt e  s obr e  e s t e  úl t i mo f a c t or , a  e ne r gi a , que  a  pr obl e má t i c a  da  s us t e nt a bi l i da de  e  
da  c ons t r uç ã o s us t e nt á ve l  e nc ont r a m os  s e us  ma i or e s  de s e nvol vi me nt os  e  a s  ma i s  a c e s a s  di s -
c us s õe s . Exi s t e  uma  e xt e ns a  pr oduç ã o t e ór i c o-pr á t i c a  be m c omo um l a r go qua dr o de  da dos  t é c -
ni c os  que  l e gi t i ma m a  ve r t e nt e  t e c noc r a t a  da  s us t e nt a bi l i da de . É um va s t o e  pe r t i ne nt e  c a mpo 
de  a c ç ã o, poi s  a  i ns t a bi l i da de  dos  me r c a dos  e ne r gé t i c os , nome a da me nt e  dos  c ombus t í ve i s  f ós -
s e i s , e s t á  a  c a pt a r  o i nt e r e s s e  de  ór gã os  pol í t i c os , c or por a ç õe s , i nve s t i dor e s  e  pr of i s s i ona i s  pa r a  
os  be ne f í c i os  dos  e di f í c i os  e ne r ge t i c a me nt e  e f i c i e nt e s  e  pa r a  o pot e nc i a l  da s  e ne r gi a s  a l t e r na t i -
va s  de  or i ge m or gâ ni c a . Por  e s t a s  r a zõe s , o a r qui t e c t o Es pa nhol  Lui z Fe r na nde z-Ga l i a no, a t e nt o 
a o e vol ui r  de s t a  pr obl e má t i c a , r e c upe r a  a t e mpa da me nt e  o t e ma  da  e ne r gi a  no di s c ur s o da  a r qui -
t e c t ur a  de f e nde ndo a  s ua  i mpor t â nc i a  s i mból i c a  e  f unc i ona l  ma s , t a mbé m, o ne c e s s á r i o de s e n-
vol vi me nt o e s t é t i c o da s  nova s  c ons t r uç õe s  e m c ons onâ nc i a  c om o pr e s e nt e  t e mpo. ( Fe r na nde z-
Ga l i a no 2005)  
Ne s t e  c ont e xt o a dqui r e  i mpor t â nc i a , o pe ns a me nt o pr ó-a c t i vo, que  f a z us o do pr of undo 
c onhe c i me nt o dos  s i s t e ma s  na t ur a i s  e  dos  mé t odos  de  pr oduç ã o i ndus t r i a l  pa r a  c onc e be r  uma  
Ar qui t e c t ur a  que  s e  e nqua dr e  de nt r o do c i c l o or gâ ni c o do M undo Na t ur a l . Es t e  pe ns a me nt o 
pr oc ur a   ponde r a r  os  e f e i t os  do obj e c t o a r qui t e c t óni c o e m t odo o s e u c i c l o de  vi da , de s de  a  s ua  
c onc e pç ã o a t é  a o s e u de s mont e , c om o obj e c t i vo de  pr oduzi r  o mí ni mo i mpa c t o a mbi e nt a l . O 
a r qui t e c t o Nor t e -Ame r i c a no W i l l i a m M c Donough, pr oc ur a  t r a ns l a da r  a s  di nâ mi c a s  e  c i c l os  de  
nut r i e nt e s  na  na t ur e za  pa r a  a  s ua  i nve s t i ga ç ã o e  pr a t i c a  pr of i s s i ona l  de s e nvol ve r  uma  a r qui t e c -
t ur a  que  s e  a s s e me l he  a o me t a bol i s mo c i r c ul a r  pr e s e nt e  na  na t ur e za  e , a s s i m, e l i mi na r  a  noç ã o 
de  de s pe r dí c i o. As s i m, e l a bor a  o c onc e i t o de  nut r i e nt e  t é c ni c o pa r a  e xpl i c a r  a  c i r c ul a r i da de  dos  
ma t e r i a i s  e  c ompone nt e s  do obj e c t o a r qui t e c t óni c o. Is t o é , no e nt e nde r  de  M c Donough ( M c Do-
nough, 2002) , no f i na l  do c i c l o de  vi da  de  um e di f í c i o, t odos  os  c ompone nt e s  e mpr e gue s  na  s ua  
c ons t r uç ã o pode m ( e  de ve m)  s e r  r e c onve r t i dos  ou r e a pr ove i t a dos  pa r a  pr oduzi r  novos  e l e me n-
t os  de  c ons t r uç ã o s e m pe r da s  da s  qua l i da de s  e  c a r a c t e r í s t i c a s  i nt r í ns e c a s  de  c a da  um dos  r e f e r i -
dos  obj e c t os ,  
Es t a  c onc e pç ã o l e va  o pe ns a me nt o a r qui t e c t óni c o ma i s  l onge  me r gul ha ndo o obj e c t o a r qui -
t e c t óni c o na  t e i a  e c ol ógi c a  do mundo na t ur a l . Igua l me nt e  i mpor t a nt e  pa r a  e s t a  pe r s pe c t i va  é  a  
i mpor t â nc i a  da  e xpe r i e nc i a  s e ns or i a l  dos  e s pa ç os  i nt e r nos  s e r  pos i t i va me nt e  qua l i f i c a da  pe l o 
que  a  a r qui t e c t ur a  de ve  pr oc ur a r  c r i a r  e s pa ç os  pe r me á ve i s  a os  e l e me nt os  da  na t ur e za  c ont r i -
bui ndo pa r a  um a mbi e nt e  c onf or t á ve l  e  s a l ut a r .  
4 INT ERFACE  
Com os  de s e nvol vi me nt os  da s  Ci ê nc i a s  Na t ur a i s  e  do e nt e ndi me nt o dos  s e us  s i s t e ma s  ope r a t i -
vos  a  a r qui t e c t ur a  é  hoj e  um e l e me nt o di nâ mi c o no e c os s i s t e ma . O uni ve r s o da s  pr opos t a s  de  
a r qui t e c t ur a  e c ol ógi c a  a br a nge m um l a r go e s pe c t r o de  a por t a ç õe s  de s de  a s  de  c a r á c t e r  t e l úr i c o, 
f r ut o da s  i de i a s  pr i mi t i vi s t a s  dos  a nos  70 do s é c ul o X X  e  dos  i mpa c t os  da  c r i s e  e ne r gé t i c a , a t é  
a os  ma i s  r e c e nt e s  e xe mpl os  de  a r qui t e c t ur a  c om a l t a  pe r f or ma nc e  t e c nol ógi c a  c omo o Hi gh-
t e c h. Uma  pos i ç ã o i nt e r mé di a  e nt r e  e s t a s  dua s  pos i ç õe s  a pa r e nt e me nt e  opos t a s , por é m nã o c on-
t r a di t ór i a s , pa r e c e  s e r  o mode l o c onc e pt ua l  que  me l hor e s  r e s ul t a dos  pr á t i c os  c ons e gue  a  t odos  
os  ní ve i s  no c a mpo da  a r qui t e c t ur a  e nf or ma da  pe l a s  que s t õe s  e c ol ógi c a s . 
A pos t ur a  bi oc l i má t i c a  f unde  os  pr e s s upos t os  ve r ná c ul a r e s  c om os  t e c nol ógi c os  pe r mi t i ndo 
c onc e be r  o obj e c t o a r qui t e c t óni c o c omo um e c os s i s t e ma  no qua l  s e  a r t i c ul a m c ompone nt e s  
or gâ ni c os  e  i nor gâ ni c os . Apur a mos  que  a  pr oduç ã o t e ór i c a  e  pr á t i c a  do a r qui t e c t o ma l a i o K e n 
Ye a ng t r a duz ma gi s t r a l me nt e  e s t e  pe ns a me nt o pe l a  i nc l us ã o dos  r e f e r i dos  s i s t e ma s  nos  e di f í -
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c i os  pe r mi t e  e s ba t e r  a  t r a di c i ona l  di c ot omi a  e nt r e  na t ur a l  e  a r t i f i c i a l . ( Doc ume nt o a udi ovi s ua l :  
Architect Ken Yean speaks on EcoDesign. Di s poní ve l  e m 
ht t p: / / br .yout ube .c om/ wa t c h? v= t YONQW 78qbE  ;  a c e di do e m 2008-08-15) . A a pl i c a ç ã o dos  
pr i nc i pi os  bi oc l i ma t i c os  nã o e s t ã o uni c a me nt e  de s t i na dos  a  t i pol ogi a s  ou pr ogr a ma s  
pa r t i c ul a r me nt e  ma i s  ‘ mode s t os ’  c omo, por  e xe mpl o, a  ha bi t a ç õe s  uni f a mi l i a r e s ,  ma s  pode m 
s e r  a pl i c a dos , vi r t ua l me nt e , e m t oda  a  e xt e ns ã o da s  c ons t r uç õe s  e  f or ma  a r qui t e c t óni c a s . O 
t r a ba l ho de  Ye a ng é  a  pr ova  vi va  da  s á bi a  a pl i a ç ã o de  pr i nc í pi os  bi oc l i má t i c os  a  uma  t i pol ogi a  
t a o di f i c i l  e  i mpr ova ve l  c omo a s  dos  e di f i c i o e m a l t ur a , pr omove ndo uma  me l hor i a  no 
r e ndi me nt o e ne r gé t i c o ma s  t a mbé m s oc i a l  a t r a vé s  da  i nc l us ã o de  e l e me nt os  e  s ol uç õe s  na t ur a i s .  
Pa r a  Ye a ng, a  a r qui t e c t ur a  ve r ná c ul a  é  o mode l o c onc e pt ua l  a  s e gui r  poi s , a r gume nt a , ne l a  
r e s i de  a  ba s e  ma t e r i a l  c om que  a  a r qui t e c t ur a  c ont e mpor â ne a  s e  de ve  r e ge r . O c onc e i t o de  
e c omi me t i s mo que , t a l  c omo s e  de pr e e nde  da  f or ma ç ã o e t i mol ógi c a  da  pa l a vr a , s e  pr e nde  c om a  
i mi t a ç ã o dos  pr oc e s s os  oc or r i dos  na  Na t ur e za . T a l  c omo num or ga ni s mo na  na t ur e za , t e nt a  
pe r c e be r  e  pr e ve r  o r i t mo me t a ból i c o dos  e di f í c i os  c om o i nt ui t o de  f or ne c e r  di s pos i t i vos  
c a pa ze s  de  opt i mi za r  os  ní ve i s  de  c onf or t o de  a c or do c om a s  ne c e s s i da de s  do mome nt o. Es t a  é  
a  ba s e  da  a pl i c a ç ã o dos  pr e c e i t os  bi oc l i má t i c os  à  t i pol ogi a  e m a l t ur a . Ye a ng a l ude  à  me t á f or a  
de  e di f í c i o pe r me á ve l  pa r a  c a r a c t e r i za r  a  f or ma  c omo os  e l e me nt os  na t ur a i s  – a  l uz, o ve nt o e  a  
ve ge t a ç ã o – pe ne t r a m nos  e di f i c o. As  pr opos t a s  de  Ye a ng i nt e gr a m e s t e s  e l e me nt os  e m t oda  a  
s ua  e xt e ns ã o hor i za l  e  ve r t i c a l  do pl a no a t r a vé s  do um c ompl e xo s i s t e ma  de  r a mpa s  que  
i nt e r c one c t a m os  di f e r e nt e s  pi s os , da ndo l uga r  a  e s pa ç os  a be r t os  pa r a  o e xt e r i or . Es t e s  
pe r mi t e m a  e xpa ns ã o do ha bi t a t  e  o c ont a c t o c om o e xt e r i or  c r i a ndo l uga r e s  de  e nc ont r o e  óc i o 
de nt r o do pr opr i o e di f i c i o, um c or dã o ve r de  no s e nt i do ve r t i c a l . 
O i nt e r e s s e  pe l a s  que s t õe s  da  t é c ni c a  e  da  e c ol ogi a  nã o e s que c e ndo o me s mo e nt us i a s mo 
pa r a  c om o e s t udo dos  s i s t e ma s  é  o que  i de nt i f i c a  o pe ns a me nt o e  pr á t i c a  dos  a r qui t e c t os  
e s pa nhoi s  Iña ki  Ába l os  e  J ua n He r r e r os  ma s , t a mbé m, a  me s ma  pr e oc upa ç ã o c om os  novos  
de s a f i os  i mpos t os  pe l a  r e a l i da de  c ont e mpor â ne a  de s t e  i ní c i o de  s é c ul o na  a r qui t e c t ur a . Es t e  
c ol e c t i vo a c r e di t a  na s  pot e nc i a l i da de s   e  no de s e nvol vi me nt o da  t é c ni c a  c omo f or ma  de  r e s ol ve r  
os  pr obl e ma s  r e l a c i ona dos  c om o pa pe l  da  t e c nol ogi a  na  me di a ç ã o da s  i nt e r a c ç õe s  e nt r e  
Na t ur e za  ( e c ol ogi a )  e  f r ui dor e s  ( huma nos ) . Ne s t e  s e nt i do, r e c onhe c e m que  o pr e s e nt e  mome nt o 
c ul t ur a l  c onc e be  t odo o e s pa ç o públ i c o c omo pa i s a ge m ( c ons t r uí da  ou nã o c ons t r uí da )  numa  
a t i t ude  i nt e gr a dor a  que  e s ba t e  a  ve l ha  s e pa r a ç ã o di c ot ómi c a  e nt r e  na t ur a l  e  a r t i f i c i a l .  
O c onc e i t o de  e c omonume nt a l i da de  na s c e  da  s i mbi os e  e nt r e  o na t ur a l  e  o a r t i f i c i a l , e nt e ndi do 
c omo um pr oc e s s o i nt e mpor a l  que  r e s s a l va  e m úl t i ma  i ns t â nc i a  a  s e ns i bi l i da de  pa r a  c om o 
M undo Na t ur a l . De s t a  f e i t a , num pr oc e s s o r e t r oa c t i vo, a  a r qui t e c t ur a  c ome ç a  a  i nc or por a r  o 
a pe l o à  Na t ur e za  e  à s  pr e oc upa ç õe s  a mbi e nt a i s , que r  s e j a  pe l a  i nve nt i vi da de  dos  pr oc e s s os  
t é c ni c o-c ons t r ut i vos  que r  pe l a  c ompos i ç ã o e  or ga ni za ç ã o do pl a no. ( Aba l os  & He r r e r os , 2002)  
M a i s  a i nda , c ons t a t a mos  c om a  e c omonume nt a l i da de  de  Ába l os  & He r r e r os  que  a  t r a ns f or -
ma ç ã o dos  l uga r e s  e m pa i s a ge m c ol oc a  um e nt e ndi me nt o gl oba l  do t e r r i t ór i o e , por  c ons e gui n-
t e , t odos  os  s e us  e l e me nt os  s ã o ponde r a dos  s ob o pont o de  vi s t a  c e nogr á f i c o. Da qui  r e s ul t a m 
e s pa ç os  e  e di f í c i os  hí br i dos  que  pr e s s upõe  um di s c e r ni me nt o dos  l i mi t e s  de  a c t ua ç ã o da  a r qui -
t e c t ur a  e  pa i s a gi s mo ( e , c om i s t o, o ur ba ni s mo)  pe l a  s i mi l a r i da de  dos  obj e c t os  de  e s t udo e  á r e a s  
de  i nt e r ve nç ã o. As  t ot a i s  pot e nc i a l i da de s  de s t e  novo modo e s t ã o a i nda  por  r e ve l a r .  
5 APROPRIAÇÃO 
As  pr e oc upa ç õe s  c om o e s t a do do M undo Na t ur a l  e s t ã o c a da  ve z ma i s  pr e s e nt e s  na s  nos s a s  
vi da s  pe l o a gr a va me nt o dos  f e nóme nos  a mbi e nt a i s  à  e s c a l a  gl oba l . Ape s a r  de s t e s  úl t i mos  
t e r e m, i ne qui voc a me nt e , uma  c a us a l i da de  a nt r opogé ni c a , i s t o é , ge r a da  c omo s ubpr odut o da  
a c t i vi da de  ( i ndus t r i a l )  huma na , nã o é  um a c ont e c i me nt o i na udi t o no de c or r e r  da  Hi s t ór i a  da  
Huma ni da de . Ape s a r  de s t e  c í c l i c o c ol a ps o e nt r e  e s t e s  doi s  s i s t e ma s , a  M ode r ni da de  Re f l e xi va , 
a t r a vé s  do pr oc e s s o de  r e f or ma  e  r e or ga ni za ç ã o da  Soc i e da de  Indus t r i a l  c ont e mpor â ne a , de s e n-
vol ve  uma  e s t r a t é gi a  ba s e a da  e m pr i nc í pi os  c a pa ze s  de  r e duzi r  a  vul ne r a bi l i da de  ou s obr e e xpo-
s i ç ã o a os  e f e i t os  ne ga t i vos  da  a c t i vi da de  huma na :  Sus t e nt a bi l i da de .  
A a r qui t e c t ur a , e nqua nt o pr odut o do pr oc e s s o de  huma ni za ç ã o, e nc ont r a -s e  e nt r e  os  pr i nc i -
pa i s  vi s a dos  pe l o novo mode l o pa r a di gmá t i c o de  de s e nvol vi me nt o que  t oma  f or ma  num pa c ot e  
de  me di da s  de  s e gur a nç a  e  c ont r ol o a mbi e nt a l  pa r a  t r a va r  a  c ont í nua  de gr a da ç ã o do a mbi e nt e . 
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A i ndús t r i a  da  c ons t r uç ã o é  r e s pons á ve l  pe l o us o de  c e r c a  de  50%  dos  r e c ur s os  di s poní ve i s  o 
que  a  t or na  numa  da s  a c t i vi da de s  huma na s  que  ma i s  de gr a da  o pl a ne t a . Por t a nt o, a  vi r a ge m pa r a  
um pa r a di gma  a l t e r na t i vo s oc i a l me nt e  r e s pons á ve l  e  a c e s s í ve l  a  t odos  é , s e m dúvi da , mor a l -
me nt e  de s e j á ve l  c omo e c onomi c a me nt e  ne c e s s á r i a .  
A i nc a pa c i da de  do pl a ne t a  pa r a  a bs or ve r  t odos  os  r e s í duos  da  a c t i vi da de  huma na  e  a  i ns t a bi -
l i da de  dos  me r c a dos  e ne r gé t i c os , nome a da me nt e  dos  c ombus t í ve i s  f ós s e i s , e s t á  a  c a pt a r  o i nt e -
r e s s e  de  ór gã os  pol í t i c os , c or por a ç õe s , i ns t i t ui ç õe s , a gr e mi a ç õe s , i nve s t i dor e s  e  pr of i s s i ona i s  
pa r a  os  be ne f í c i os  dos  e di f í c i os  e ne r ge t i c a me nt e  e f i c i e nt e s  e  pa r a  o pot e nc i a l  da s  e ne r gi a s  
a l t e r na t i va s  de  or i ge m or gâ ni c a . 
Pa r e c e  opor t uno, hoj e , i nf or ma r  c ons c i e nt e me nt e  os  di f e r e nt e s  gr upos  a l vos  pa r a  a s  ma i s -
va l i a s  que  uma  pe r s pe c t i va  e c oc e nt r a da  pode  t r a ze r  pa r a  a  a r qui t e c t ur a  e  pa r a  os  di f e r e nt e s  
ní ve i s  de  a c t ua ç ã o na  s oc i e da de  c omo f or ma  de  de moc r a t i za ç ã o. Ne s t a  pe r s pe c t i va , os  de s e n-
vol vi me nt os  da s  Ci ê nc i a s  Na t ur a i s  e  do e nt e ndi me nt o dos  s e us  s i s t e ma s  ope r a t i vos  e  os  s e us  
r e f l e xos  no c or po de  s a be r , c ol oc a m a  a r qui t e c t ur a  c ont e mpor â ne a  numa  di a l é c t i c a  di nâ mi c a  
c om o e c os s i s t e ma . 
As s i m, o mode l o c onc e pt ua l  que  me l hor e s  r e s ul t a dos  pr á t i c os  c ons e gue  a  t odos  os  ní ve i s  no 
domí ni o da  a r qui t e c t ur a  e nf or ma da  pe l a s  que s t õe s  e c ol ógi c a  é  de  pr e oc upa ç õe s  bi oc l i má t i c a s . 
As  pr i nc i pa i s  or i e nt a ç õe s  a r qui t e c t óni c a s  da  a c t ua l i da de  c onc e be m t odo t e r r i t ór i o c omo pa i s a -
ge m ( c ons t r uí da  ou nã o c ons t r uí da )  numa  a t i t ude  i nt e gr a dor a  que  e s ba t e  a  ve l ha  s e pa r a ç ã o di c o-
t ómi c a  e nt r e  na t ur a l  e  a r t i f i c i a l . De s t a  s i mbi os e  e nt r e  o na t ur a l  e  o a r t i f i c i a l , na s c e  o c onc e i t o de  
e c omonume nt a l i da de  que  e nt e nde , e m úl t i ma  i ns t â nc i a , a  s e ns i bi l i da de  pa r a  c om o M undo 
Na t ur a l . De s t a  f e i t a , a  a r qui t e c t ur a  c ome ç a  a  i nc or por a r  o a pe l o à  Na t ur e za  e  à s  pr e oc upa ç õe s  
a mbi e nt a i s , na  qua l  s e  f unde m os  e ns i na me nt os  ve r ná c ul os  c om os  t e c nol ógi c os  que  r e s ul t a m 
numa  c onc e pç ã o t é c ni c a  a nt i -de s pe s i s t a  e  c om pr of undo r e s pe i t o pe l o va l or  l uga r . 
Ne s t e  s e nt i do, e nc ont r a mos  o pont o de  c ont a c t o c om que  i ni c i a mos  e s t e  a r t i go onde  s e  t e nt ou 
de s l i nda r  a s  r e l a ç õe s  do obj e c t o a r qui t e c t óni c o c om o mundo na t ur a l  onde  a l udi mos  à  nos s a  
qua l i da de  de  s i mpl e s  i nqui l i nos  de s t a  gr a nde  c a s a . Ape s a r  de  e s t a r  l onge  a  r e s ol uç ã o da  pr o-
bl e má t i c a  a mbi e nt a l  e  e c ol ógi c a  ve r i f i c a mos  que  pos s uí mos  a c t ua l me nt e  a s  c ompe t ê nc i a s  
ne c e s s á r i a s  e  s uf i c i e nt e s  pa r a  ope r a r  uma  vi r a ge m pa r a di gmá t i c a  e  i ni c i a r  uma  nova  f a s e  de  
M ode r ni da de  c uj os  f r ut os  s e r ã o i gua l me nt e  r i c os  e m de s e nvol vi me nt os  t e c nol ógi c os , e s pl e ndor  
f i l os óf i c o e  me t a f ór i c o c omo e m pe r í odos  a nt e r i or e s . 
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 1 INT RODUCT IO N  
Gr e e ce , wi th a n ove ra ll  land a r ea  of  a ppr ox. 132,000 km 2 , c ons i s ts , by t he  f our -f i f t hs  of  i ts  
ma i nl a nd, o f  mount a inous  te r ra i n. Gr e ec e  i s  al s o a  ma r i ti me  c ountr y wi t h nume r ous  i sl a nds  and 
a  c oa st li ne  of  ove r  15,000 km i n l e ngt h. T he  bul k ( i .e. a bout  59% )  of  t he  country’ s  popul at i on 
a c c or di ng t o t he  l a st  c e nsus ( 2001) , st a nds  a t  a bout  11 mi l l i on, li ve s  i n ur ba n a r eas  [ 4] . M os t  ur -
ba n c e nt re s  a nd t he  l ar ge s t of  t he m, i ncl uding t he  c onur bat i on of  t he  ca pit al , At he ns, wi t h i ts 
popul ati on of  a bout  4 mi l l ion, a nd t he  se c ond l a r ge st  c i t y, T he s sa l oni ki , wi th i ts  popul ati on of 
a bout  1 mi l l ion inha bi ta nts , l i e on the  coa st . 
Gr e e ce  has  a  M e di te rr a nean c li ma t e  [ 6] . Acc or di ng to t he r el e va nt c li ma t i c data , t he  a nnua l 
c yc l e  c a n be  di vi de d i nt o a c ol d and r ai ny s e as on ( Oct ober  t o M ar c h)  a nd a  warm a nd dr y s e a -
s on ( Apr il  to Se pt e mbe r ) . T e mpe r at ure s  on t he  Gr ee k ma i nl a nd pr e se nt i nt e ns e  cont ra s ts  ma i nl y 
due  to ge ogr a phic  fa c tor s. Gr e e ce  is  bet we e n t he  a ve ra ge  a nnual  is othe r ma l  of  14.5 a nd 19.5 °C. 
T he  e xtr e me  t e mpe r a t ur e s  a r e  cl os e  t o -25 ° C ( dur i ng wi nt er  i n t he  mount a i nous a nd nor the rn 
r e gi ons)  a nd + 45 °C ( dur ing he a t wa ve s  on t he  ma i nla nd) . T he  me a n r e la ti ve  humi di t y r a nge s  
f r om 65%  t o 75%, a c cor ding t o l oc at ion. It  di s pl a ys  a s i mpl e  a nnua l  f l uc t ua ti on, wi t h t he  ma xi -
mu m oc c ur r ing duri ng t he wi nt er  mont hs , a nd depe nds  on t he  pr oxi mi t y of nat ura l  c once ntr a -
t i ons  of  wat er . In Gr e e c e , the  ge ne r al  c ir c ul at i on of  t he  a t mos phe re  a nd t he  pr e vai li ng s ynopt i c 
s ys t e ms  i n t he  wi der  a r ea  cont ri but e  t o t he  pre va l e nc e  of  we s te r n a nd nort her n wind c ompone nt s  
a nd f ai rl y mode r a t e  s pe e ds. Howe ve r , i n i nt er a ct i on wi t h the m, t he  c ompl e x r el i ef  of  Gr e ece 
pl a ys  a n i mpor t a nt  r ol e  i n de t er mi ni ng t he  pr e va i li ng wi nd di r ec ti on and s pe e d i n ma n y r e gi ons . 
Gr e e ce  i s  a  ve r y s unny c ount r y. The  a ve r a ge  a nnua l  r a te s  of  i nc omi ng s ol a r  r a di a ti on, movi ng 
f r om nor t h t o s out h, r a nge f r om 5000 t o 6100 MJ / m2/ yr  [ 3] . The  cl i ma t ic  dat a a bove  r e la te  
ma i nl y t o t he  c ountr ys i de . In ur ba n e nvi r onme nt s , in whi c h t he  maj ori t y of  bui l di ngs  a r e  si -
C o mp a rativ e ap p r o ach  to  en erg y b eh av io r o f  co n te mp o r ary  u rb an  
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ABST RACT:  T hi s  s t udy e xa mi ne s  the  pa rt ic ula r  c hara c t er is ti c s tha t def i ne  t he  ene r gy a nd e nv i -
r onme nt a l  be ha vi or  of  urba n r e si de nt ia l  a nd c omme r c i al  buil di ngs  i n Gr ee c e , whe r e  both t he 
c l i ma t e a nd ot he r f ac t or s t ha t  s ha pe the se  c ha r ac te ri s tic s  ar e  s pec if i c a nd we ll  de fi ne d. Ba s ed on 
t he  a va il a bl e  s ta ti st ic a l  da t a, t he  s tudy e va l ua t es  t he  e ne r gy be ha vi or  of  c orr e s pondi ng bui l di ngs 
a nd c ompa r es  t he m wi t h s imi l a r  dat a of  ot he r  c ount ri es , whe re  pr e va il  di ff e re nt cl i ma t i c c ondi -
t i ons . Fr om t hi s  c ompa ri s on, i ndic at i ons  a re  obt ai ned, a nd r e fl ec t  the  e xpl oit at ion of  t he  a va il a -
bl e  e ner gy pot e nt i al  i n t he c ount r y. Fur the r mor e , t his  s t udy e xa mi ne s  t he  bas ic  me t hods  a nd 
pr a ct ic e s , whi c h ar e  a ppli ed i n t he  de si gn a nd c onst ruc ti on of  ur ba n buil dings  i n Gr e e ce  a nd 
c ontr i but e  t o t hei r  e ner gy a nd e nvi r onme nt al  beha vi or . 
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t uat e d, t hes e  da ta  c ha nge  as  a  r e s ul t of t he  infl ue nc e  of  the  f a ct ors  whic h ma ke  up the  ur ba n 
c l i ma t e  [ 9] . 
2 T HE CONT EXT  OF T HE ENERGY BEHAV IOU R OF URBAN BU ILD INGS IN GREECE  
In Gr e e c e , t he  va st  ma j or it y of  buil dings  i n urba n envi r onme nt s , a bout  75% , a r e  r e si de nt ial 
bui ldi ngs . Se c ond in t e r ms  of  f r eque nc y c o me s  t he  c a te gor y of  bui l di ngs  hous ing pr oduct i ve  a c -
t i vi ti e s, whic h a re  c ommon l y known a s  comme r c i al  bui l di ngs  ( housi ng c omme r c i a l oper at i ons , 
s e r vi c es , busi ne ss e s  et c .) . In c ons tr uct i ona l  a nd a r c hite c t ur al  t er ms , t hi s  c a te gor y di s pla ys  ma n y 
s i mi l a ri ti es  t o t he  pr e vi ous  one . The  s ma l l es t  gr oup i ncl ude s  buil di ngs  housi ng s oci a l  se r vi c es  or 
f unct i ons  ( s chools , hos pi ta ls , me e t i ng ha l l s  e tc .)  a nd bui l di ngs  s e r vi ng s pe c ia l  uses . In t hi s  c a te -
gor y t he  gr e a t e st  va r i et y of  a r c hi te c tur al  f or ms  i s  t o be  f ound, de s pi t e  t he  f a ct  t ha t  t he  bas i c  c on-
s t r uc ti onal  c har a ct er i st ic s  of  bui ldi ngs  i n t his  ca te gor y a r e  t he s a me  a s thos e in t he  ot her  t wo 
c a t e gori e s. 
An i mpor t a nt  pi e ce  of  l e gis l at i on wi t h pr ovi si ons  re lat i ng t o t he  he al th a nd c omf or t  of  oc c u-
pa nt s, t he  prot ec ti on of  the e nvi r onme nt  a nd e ne r gy s a vi ng i n t he  bui l di ng s e c t or  i n Gr e ec e  i s 
t he  Cons tr uct ion Code  f or  Bui l di ngs  [ 13] . Thi s Code de a ls  s pe ci fi c al l y wit h t he  na t ur a l li ght i ng, 
ve nt i la ti on, da mp pr ot e ct ion, s ound i ns ul at i on a nd f ire  pr ot ec ti on of  bui l di ngs , a mon gs t  ot her  
t hi ngs . In t he  r e c omme nda t i ons  tha t  i t  conta i ns , t he  Code  us es  ma i nl y qua l it at i ve c r it e ri a;  whe -
r e ve r  qua nt it at i ve  c ri t er ia  ar e  us e d, t he se  r el at e  i ndi re ct l y t o t he  phys ic a l  ma gni t ude s  of  t he  phe -
nome na  be i ng e xa mi ne d (e .g. t he  di me ns i ons  of ope ni ngs  f or  nat ura l  l i ghti ng or  ve nt il at i on) .  
T he EU Dir e ct i ve  2002/ 91 on the  e ne r gy pe r for ma nce  of buil di ngs  woul d ha ve be e n tr a ns -
pos e d i nt o Gr e e k l e gi s la ti on by t he e nd of  2006. The  go ve r nme nt  ha d dec i de d t o l a unc h a  pr o-
gr a m t o l i mi t  CO 2  e mi s si ons  fr om t he  buil ding s e ct or by r e pl a ci ng e xis ti ng r e gul a ti ons  for  t he 
t he r ma l  i ns ula ti on of  buil dings  wi t h mor e  s t r inge nt  one s . This  woul d e st abli s h mi ni mu m e ne r gy 
s t a nda r ds  f or  ne w a nd r e nova t e d bui ldi ngs , e ner gy a u di ts , a nd e ner gy l a be l i ng of  bui ldi ngs  a c -
c or di ng t o EU Di r e c t i ve  2002/ 91/ EC. So f a r , no a udit or s  ha ve  be e n tr ai ne d [8] . T his  di re c ti ve  
wi l l  r e pl a c e  t he  c ur re nt  le gi s l at i on t hat  c once r ns  t he  e ne r gy be ha vi or  of  bui ldi ngs  i n Gr e ec e , the 
T her ma l  Ins ul a ti on Code, whi c h ha s  bee n in f or c e s inc e  1979 [ 7] . 
Dur i ng t he  l as t  de c a de , t he  Gr e e k e ne r gy s ys t e m i s  unde r goi ng s i gni f ic a nt  c ha nge s. T he  pene -
t r at ion of  nat ur a l ga s , t he  cons tr uct i on of tr a ns -Eur ope a n e ne r gy ne t wor ks , t he  promot i on of r e -
ne wa ble  e ner gy a nd e ne r gy s a vi ng a nd t he  r el ea s e  of  t he  e le c tr ic it y ma r ke t  a r e  t he  ne w f e at ur e s . 
In Gr e e c e  al mos t  a ll  ur ba n r e si de nt ia l  and c omme r c i al  bui ldi ngs  t a ke  the  f or m of  mul t i -s t or e y 
a pa rt me nt  bl oc ks . T he  gr e at  ma j ori t y of  t he s e  bui l di ngs  c ons is t  of  a  gr ound f l oor  a nd a  s e ri es  of 
hi ghe r  f l oor s  usua ll y be t we e n t hre e  a nd fi ve  i n numbe r  a nd ve r y r a r e l y mor e  t ha n s e ve n. An 
a na l ys is  of  buil di ng s ta ti st ic s  f or  t he  per i od 2002-2006 r e ve a l s  t hat  the  a ve r a ge  vol ume  of  buil d-
i ngs  i n Gre e k t owns  i s  a r ound 1500 m 3  [ 5] . Thi s vol ume  wor ks  out  a t  a bout  120-200 m 2  pe r 
f l oor .  
In  Gr e e k ur ba n a r e a s , bui ldi ngs  a r e  c onst ruc te d on s it e  wi t h a  s upport i ng s t ruc tur e  of  r ei n-
f or ce d c oncr et e  a nd non-l oa d bea ri ng wa ll s of per f ora t e d bri c ks . T he  e xte r na l wa l l s ar e buil t 
wi t h a  doubl e  r ow of  bri c ks , e a c h 9 c m wi de , wi t h i nte r nal  i ns ul at ion c onsi st i ng of  a  5 c m-t hi c k 
l a ye r  of  e xpa nded or , at  bes t , extr ude d pol ys t yr ene . Suc h a  wall , if  t he  l a ye r  of  pl a st er  on e a ch 
s i de a ppr ox. 2 c m t hic k i s i ncl ude d, is  ove r 27 c m t hic k, whi l e the  me a n t her ma l  t ra ns mi tt a nce 
c oe ff ic i ent  i s  a ppr oxi ma t e ly 0.45 W / m 2 K . T he r ma l  i ns ul at ion is  a ppl ie d t o t he  ver ti c al  e le me nt s 
i n the  enve l ope of  t he s uppor ti ng s tr uct ure  by f a st e ni ng 3 or  4 c m t hi c k t il e s of expa nde d or e x-
t r ude d pol ys t yr e ne  ont o t he e xt er nal  s urf ac e s . In t hi s  ca s e , the  me a n t her ma l  t r a nsmi t t a nc e  c oef -
f i ci e nt  of  a  t ypi c al  wal l  30 c m t hi c k wi t h a  3 c m-t hi c k i ns ul a ti on l a ye r  is  a ppr ox. 0.74 W / m 2 K . 
T her ma l  i ns ul at i on i s  a ls o a ppli e d t o t he  fl a t  r oof , as  we l l  a s  the  fl oor  of  t he  fi rst  s t or e y, i f  t hi s 
l i es  a bove  a n ope n-s i de d pa r ki ng a r e a . The  e xt e r na l  ope ni ngs  i n Gr ee k bui l dings , i .e . wi ndows 
a nd ba l cony doors , us ual l y c ons is t of t wo le a ve s , wi t h e a c h l ea f c ons i st ing of  a  pane  of  gl a ss  se t 
wi t hi n a  f r a me . In t he  pa s t , f r a me s  us e d t o be  c ons tr ucte d of  wood. In t he  1970’ s  wood be ga n t o 
be  r e pl a ce d by a l umi ni um.  Inde e d, a t  t ha t  ti me  a l umi ni um f r a me s  us e d t o be  ma de  t o or de r  by 
s ma l l  c ott a ge  i ndus tr ie s  whi c h c oul d not  gua r a nt e e  good qua li t y of  c ons tr uct i on or  good be ha -
vi or  i n t hei r  product s . T ypi c al  a l umi ni um f r a me s  c ons i st  of  pa ra ll el  s li di ng units . Nowa da ys , 
a l umi ni um c ont i nue s  to be us e d a s  a  c ons tr uct i on ma t e r ia l  f or  e xt e rna l  door s  and wi ndows , a l -
t hough a t  t he  sa me  t i me  gr e a t er  us e  is  be i ng ma de  of  pl a s ti c . T ypi c al  mode r n s ynt he t ic  door  a nd 
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wi ndow unit s  c onsi st  of  t wo l e a ve s , wi t h doubl e  gl a zing, whi c h ope n or  t i lt  a r ound a  hor i zont al  
a xi s  i n t he  bott om s e c ti on of  t he  fr a me  [ 12] .  
In Gr e e c e , na t ur al  ve nti la ti on s ys t e ms  pr edomi na t e a s  a re s ul t of t he  c li ma t i c c ondi ti ons , 
whi c h f a vour  the ir  use . All r e si de nt ia l  buil dings  i n Gre e c e  a r e ve nt il at e d na t ur al ly. M e c ha ni c al 
ve nt i la ti on s ys t e ms  c a n be  f ound i n ot her  c a te gor ie s  of  buil di ngs  i n c a s es  whe r e  nat ural 
pr oc es s es  ar e  unabl e  t o c ove r  t he  i nc re a se d or  s pec ia l  ve nti l at ion re quir e me nt s ( e .g. me e t i ng 
ha ll s  a nd c onfe re nc e r ooms ) . As f or  t he c ont r ol  of  na tur a l ve nti l ati on i n i nt e rna l a r e as , t his  c a n 
be  a c hie ve d by us i ng t he  door s  a nd windows  i n the  e nve l ope , whi c h in Gr e e k buil di ngs  a re  ge n -
e r al l y s uffi c ie nt i n numbe r  a nd e as y t o us e . As f or  infil tr a ti on, bri c k-a nd -c onc r e t e c onst r uc ti ons 
ge ne r a ll y i mpl y a i r t i ght  e nve l ope s . T hus , mos t  c a s es  of  i nf il tr at i on a ppea r  to be  r e la t ed t o ext er -
na l  door s a nd wi ndows , whos e  i mpr ove me nt  i n qua lit y i n r ec e nt  ye a rs  is  le a di ng, a c c or di ng t o 
t he  curr e nt  e vi de nc e , t o e ven mor e  a i rt i ght  e nve l opes  [10] . 
An i mpor t a nt  el e me nt  t ha t  pl a ys  a  de ci s i ve  r ol e  i n t he  i nte r ac ti on bet we e n bui ldi ngs  a nd t he ir 
e nvi r onme nt  i n Gr e e ce  is  the  ba lc ony. Ba l c oni es  a re  an e s s enti a l  f e at ur e  of  a ll  re si de nt ia l  bui ld-
i ngs . Apa r t  f rom t he i r  f uncti onal  r ol e  and t he ir  a ct i ve  cont ri but i on t o t he  ext er nal  a ppe ar a nc e  of 
t he  buil di ngs  t o whi c h t he y be l ong, ba l c oni es  a l s o pl a y a  dyna mi c  r ol e  i n s hapi ng a  s e ri e s  of  e n-
vi r onme nt a l  i nfl uenc e s t ha t a r e  e xer te d on buil di ngs . Suc h infl ue nce s  c once r n nume r ous  a s pec ts 
of  bui l di ng phys i c s , l i ke  s un-c ont r ol , da y l i ght i ng, he at  tr a nsf er , da mp pr ote ct i on, s ound i ns ul a -
t i on, wi nd-l oa di ng, na tur al  ve nt i la ti on et c  [ 11] . T hes e  inf l ue nc es  a re  e s se nti al l y e ithe r  dir ec tl y or  
i ndir e ctl y c onne ct e d wi t h the  e ner gy be ha vi or  of  t he  bui l di ng t o whi c h t he  ba lc ony be l ongs .  
Al l  buil di ng i nte ri ors  pos s es s  a hea ti ng s ys t e m. In mo s t  a par t me nt  bl oc ks  t his  t a ke s  t he  f or m 
of  a  t wo-wa y oi l -f i r e d c e nt ra l  he ati ng s ys t e m. T he  bur ne r , dis tr i but or  a nd f uel  s t ora ge  t a nk l i e  in 
t he  ba s e me nt , whe nce  a networ k of  pi pe s , whic h ar e us ua ll y not i ns ula t ed, ca rr y the  wa te r t o a ll  
f l oor s  a nd a pa rt me nt s .  
3 T HE FACT S RELAT ING T O T HE ENERGY BEHAV IOUR OF B U ILD INGS I N GREECE  
Bui l di ngs  i n Gr e ec e  a re  wa s t ef ul  i n e ne r gy t e r ms . A c c or di ng t o s ta ti s ti cs  f or  2007, t he  e ne r gy 
s e c tor  t hat  t he y r e pre s ent  (Hous e hol ds  and Ser vi c e s)  c ons ume s  a bout  8.56 Mt oe or  39%  of  t he 
t ota l  a nnua l  ene r gy c ons umpt i on [ 2] , whi l e , of  t hi s  a mount , t he  e ner gy us e  f or  he a t ing of  bui l d-
i ngs  i s e st i ma t e d t o be  a bout  61% . In a ddit ion, i t  i s  c ha r a ct er is ti c  t hat , apa rt  f r om t he  i ncr e as e  i n 
a bs olut e  va l ue s  t hat  t he  e ne r gy c ons u mpt i on s ec t or  f or  bui ldi ngs  under s ta ndabl y s hows  a s  a  r e -
s ult  of t he  i nc r ea s e i n t he numbe r  of  bui l di ngs  a nd t he  e ner gy-c ons u mi ng a ppl i ca t ions  i n t he m 
( 66%  be t wee n 1990 a nd 2000 a nd 13%  bet we e n 2002 a nd 2007) , i n r e ce nt  ye a rs , t he re  ha s  a l so 
be e n a  s har p r is e  i n the  pr opor ti on of  tota l  e ner gy c on s umpt i on t hat  i t  r e pre s ent s. T hus , thi s  has 
i nc re a se d by a bout  10%  i n 12 ye a r s  a nd a ls o by a bout  11%  in t he  l a st  s i x ye a rs  ( f rom 29%  i n 
1990 t o 39%  in 2002, e nding wi t h 50%  in 2007). This  i ncr e as e  has  be e n pa rt l y c a us ed by t he 
wi de  use  i n r ec e nt  ye a r s  of  a i r  c ondi ti oni ng s ys t e ms  i n bui ldi ngs  [ 8] . 
T hes e fi gur e s , a lt hough t hey a r e  not  di re ct l y c ompa r abl e , a ppea r t o a ppr oac h t hos e  of  coun-
t ri e s  i n ce ntr al  a nd nort he rn Eur ope , whe re , howe ve r , t he  c l i ma t ic  c ondi ti ons  ar e c l e a rl y wor s e . 
T hough i n t he  la s t  s i x ye a rs , f or  t he  ma j or it y of  t he  Eur opea n c ount ri e s, t he  a mount  of  e ne r gy 
c ons ume d f or r es i de nti al  nee ds  has  re duc ed i n c ont r as t  wi t h t he  Gre e k r e si denc es  [2] . 
 In Ge r ma ny, t he  me a n t e mpe r at ure  i s  about 8.2  °C. The  t ot al  e ne r gy c ons umpt i on f or Hous e -
hol ds  a nd Se r vi c e s  i n 2007 i s  90.53 Mt oe  or  43%  of  t he  t ot al  a nnua l  ene r gy c ons umpt i on. 
W hil e , of  t hi s  a mount , t he e ne r gy us e  f or  he at ing of  bui l di ngs  i s  es ti ma t e d t o be  a bout  74%. 
T hi s  a mount  of  e ne r gy ha s  de c re a se d by a bout 10%  dur i ng t he  l as t  s i x ye ar s  [ 2] .  
In  Swi t ze r l a nd, t he  me a n t e mpe r a t ure  i s  a bout  4  °C. T he  t ota l  e ner gy c ons ump t i on of  t he 
bui ldi ngs  i n 2007 i s  9.77 M t oe or  46%  of  the  tot al  annua l  e ner gy c ons umpt i on, whi l e , of  t his 
a mount , t he  e ne r gy us e  f or he at i ng of  buil di ngs  i s e sti ma t e d t o be  about 69% . Thi s  a mount  of 
e ne r gy i s  de c r ea s e d by a bout  13%  fr om 2004 t o 2007. Fi na ll y, i n a not her  M e dit er r a ne a n c oun-
t r y, Spa i n wher e  t he  cl i ma te  a ppe ar s  si mi l a r  t o Gr ee c e, t he  me a n t e mpe r a tur es  i n wi nt er  is  a bout 
2 °C a nd i n s umme r  35 °C. T he  t ot al  e ne r gy c ons umpt i on for  Hous e hol ds a nd Se rvi c e s  i n Spai n 
i s  29.90 M t oe  or  30%  of  t he  t ota l  annual  e ner gy c ons umpt i on, whi le , of  thi s  a mount , t he  e ner gy 
us e  f or hea ti ng of buil di ngs  is  es ti ma t e d t o be  a bout  80% . The  a mount  of e ne r gy c onsume d f or 
r e si de nt ia l  ne e d f r om 2004 t o 2007 a ppea rs  a ls o i n Spai n sl i ghtl y de c r ea s e d of  0.3%  [ 12] . 
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As  c a n be a ss ume d wi t h thi s  c ompa r i son wit h t he  othe r  Eur ope a n c ount ri e s, i n a ll  t he a na -
l yze d c ount ri e s  ( Ger ma ny, Swi t ze r la nd and Spai n)  dur i ng t he  l as t  t hre e  ye a r s, t he  t ot a l  e ner gy 
c ons umpt i on f or  bui l di ngs  ha s  r e duc e d r e ga r dle s s  t o t he  ne w bui l di ngs  t hat  a re  c ons t ruc te d. T his 
r e duct ion ra te  i n s ome  a ppe a rs  t o be  qui te  we a k a nd i n some  i t  is  mor e  e vi de nt  ( Fi gur e  1) . 
Gr e e ce  not  onl y ha s  not  i mpr ove d t he  t ot al  a mount  of  e ne r gy c ons ume d f or  r es i de nti a l us es  but 
a l s o t he  t ota l per c e nt a ge  of  ene r gy c ons ume d fr om t he bui l di ng s ec t or  appe ar s  s i mi l ar  wit h 
c ountr ie s  wit h muc h mor e  se ve r e  c li ma t e s  s uc h a s  Germa n y a nd Swi t ze rl a nd. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu r e 1 :  E n er gy co n su mp t i o n  i n M t o e in  20 04  and  in  20 07 
 
 
T he  ma i n f a ct ors  r e sponsi bl e  f or  t he  l ow per f or ma nc e  of  buil di ngs  wi t h re ga r d t o e ne r gy be -
ha vi or  ma y be  t he  f ol lowi ng, i n no pa rti c ul a r  or der  of  impor t a nc e: 
a . A l a r ge  pr opor ti on of  t hes e  buil di ngs  we r e  buil t  be f or e  t he  T her ma l  Ins ul a t i on Code  ( 1979) 
c a me  i nt o ef fe c t a nd do not  poss e s s t he r ma l  i ns ula ti on of  a ny ki nd. In t hi s  re s pec t , it  ha s  bee n 
e s ti ma t e d t ha t  t he  a ve r a ge  annua l  he at i ng e ner gy de ma nd of  Gre e k a pa rt me nt  bui ldi ngs  buil t  be -
f or e  1980 is  a bout  96 kW h/m 2 ,  whi l e  f or  t hos e  bui lt  af te r  1980 t he  de ma nd is  e st ima t e d t o be  be -
t we e n 75-94 k W h/ m 2  [ 1] . 
b. On t he  bas is  of  mode r n s c i enti fi c  a ppr oac hes , t he  pr e se nt  T he r ma l  Ins ul a ti on Code  does 
not  s uc c es sf ull y de a l  wi t h the  ma t t e r of  e ner gy l os s e s  in buil dings . On t he  c ont r ary, i n a  dubi ous 
a t te mpt  t o s i mpl if y ma t t e rs, it  e xc l ude s or r educ es  t he  si gni f ic a nc e  of  pa ra me t e r s  t hat  pl a y a n 
i mpor t a nt  rol e in t he m. As  a n e xa mpl e , i t does  not t ake  a c c ount  of  i nf il tr a ti on los s e s or  los ses 
f r om t he r ma l  br i dge s  i n it s  c a l cul ati ons .  
c . The  pr a ct ic e s  f oll owe d in t he  i mpl e me nt a t ion of  t he r ma l  i nsul at ion st udie s  are  not  a l wa ys 
s uit a bl e . It  i s  quit e  us ual  for  inf er i or , a nd t her e for e che a per , t her ma l  i ns ul at ion ma t e r i al s  t o be  
us e d, j ust  as  i t  i s  f ai rl y c ommon t o s e e  poor  wor kma ns hi p i n t he ir  a ppli c at i on, the  mos t  c har ac -
t e ri st ic  e xa mpl e  of  thi s bei ng t he  l a yi ng of  s uc h ma t e ri al s  on br oke n s ur fa c es .  
d. Ene r gy de s i gn i s  i gnored. T he  numbe r  of  ur ba n bui l di ngs  i n Gre e ce  i n whi ch s e ri ous  a t -
t e mpt s  a t e ner gy de s i gn have  be e n ma de  i s  s ma ll , j us t a s  the re  is  onl y a  s ma l l  numbe r  of  de si gn 
t e a ms  t hat  pos s e ss  the  e xper i e nc e  t o unde rt a ke  a nd c a rry out  s uc h wor ks .  
Apa r t  f rom t he s e  f a ct or s , a s i gni fi c a nt  s ha re  of  t he  re spons ibil it y f or  t he  hi gh c ons umpt i on of 
e ne r gy i n buil di ngs  in Gr ee c e  bel ongs  t o t he  r e si dents , wi t h t hei r  ge ner al l y l ow s e nsi ti vi t y t o 
e ne r gy-s a vi ng ma t t e r s  [ 14] .  
On t he  ba si s  of  2007 st at i sti c s , oil  ( whi c h i s us ed a s a  fue l  f or he at ing bui l di ngs ) , ac c ount s  f or 
43.2%  of  the  tot al  a mount  of  e ner gy c ons ume d i n t he  bui ldi ngs  s ec t or  in Gr e ec e  [2] . Ele c tr ic it y, 
wi t h 39.7%  of  t he  t ot al , re pr e s ent s  t he  s e cond mos t  us ed e ne r gy f or m. It  i s  us e d f or  li ght i ng a nd 
t he  ope ra ti on of  dome s ti c  appl ia nc es  (i ncl udi ng a ir  c ondi ti oni ng s ys t e ms )  a nd, mor e  r a re l y, f or 
he a ti ng bui l di ngs  ( e le c tr ic  f i re s  a nd st ora ge  he a t er s ). Na t ura l  Ga s  be ga n t o be  use d i n buil di ngs 
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i n 1998, ma i nl y a s a  f uel  in c e nt r al  he a ti ng s ys t e ms . De s pit e  it s  r a pi d spr ea d, i t  a cc ounts  for  j ust 
3.3%  of  t he  t ota l  a mount  of  e ne r gy c ons ume d i n t he  bui l di ngs  s e c t or  t hr oughout  t he  c ountr y. 
T hi s  per ce nta ge  i s  la r ge r  in ur ba n buil dings , s i nce  onl y t he s e  ar e  s uppl i ed by t he  e xis ti ng ne t -
wor k. In c ont r as t , r e ne wa bl e  for ms  of  e ne r gy, whi c h a c c ount  f or  11.0% of  t he  tot al  a mount  of 
e ne r gy c ons ume d i n t he  buil di ngs  s ec t or  i n Gr ee c e , re pr e s ent  a  s ma l l er  pr oport i on of  t he  e ne r gy 
us e d i n ur ba n buil dings , s inc e  mos t  of  t hi s  ca te gor y c ons is t s  of  t he  bur ni ng of  wood a nd wood-
wa s t e  in or der  t o he at  buil di ngs  i n a gr i c ult ur a l  ar e as . In ur ba n buil di ngs , t hi s  pr opor ti on of  e ne r -
gy us e  r el a te s  ma i nl y t o t he  e xpl oit at i on of  s ola r  ene rgy t hr ough gl a ze d s ol ar  c oll e ct ors , whic h 
a r e  pl a ce d on t he fl a t  r oof s  of  a pa rt me nt  bl oc ks  i n order  t o he at  wa te r  f or  dome s t i c us e .  
Al t hough i n 2002 t he  t ot al c ons umpt i on of  r ene wa bl e s our ce d e ner gy i n t he  buildi ng s e c tor 
wa s  r e la ti ve l y hi gh c o mpa r e d wi t h ot he r  c ount ri es  i n Eur ope , in 2007 s ome  c ount ri e s  s ee m t o 
ha ve  a dopt e d a  la r ge  va r i et y of  me a s ur e s  for  e ner gy e f fi ci e nc y i n buil di ngs  e ve n t hough t he ir  
e ne r gy pot e nti a l  is  poore r  compa r e d wi t h Gr e ec e . For  e xa mpl e  i n Swi t ze rl a nd r e ne wa bl e  for ms  
of  e ner gy a c c ount  f or  11.7%  of  t he  t ot a l  a mount  of  ene r gy c ons ume d f or  bui l dings . In a ddi t i on, 
Gr e e ce  owns t hi s  hi gh per ce nt a ge  mor e  i n he a ti ng fr om bi oma s s  a nd la c ks  of t he  a bi li t y t o e x-
pl oit  ot he r  s our ce s  whi ch a r e  e qua ll y be ne fi c ia l  j udgi ng f r om t he  r e gi on’ s  a va ila bl e  pot e nt ia l . 
W he re a s  countr ie s  li ke  Spa i n, wher e  a l mos t  al l  the  pe r ce nta ge  of  t he  re ne wa bl e  e ner gy c on -
s ume d by t he  bui l di ng s e ct or  ( 7.6%)  c ome s  f r om t he  e xpl oit at i on of  t he  s ol ar  ene r gy a nd t he  
i mpl e me nt a t i on of  PV  pa nel s  on r e si denc es . 
C ONC LUS IO NS  
T he  ba si c  f ac t or s  tha t  de t er mi ne  t he  e ner gy be ha vi or  of  buil dings  i n Gr e e ce  c a n be  br i ef l y di -
vi de d i nt o t hr ee  c at e gori e s: 
-  T he mos t  i mpor t a nt  a nd obvi ous  c at e gor y i s the  l oca l c l i ma t e . T he mi l d c ha ra c te ri s ti cs  of  t his 
c l i ma t e , c ombi ne d wi th t he  wa y i n whi ch the se  c ha ra c t er is ti c s fl uct uat e wi del y duri ng t he  cl i -
ma t i c  c yc l e , c re at e  a  c omple x s e t  of  c ondi ti ons  a nd al so c ha ll e nge s  whic h t he  c onc e r ce d buil d-
i ngs  ha ve  t o me e t .  
-  T he s ec ond mos t  i mpor ta nt c a te gor y i s  t he  buil di ng c ons t ruc ti on me t hods . T he c onc r et e , pe r -
f or at e d bri c ks  a nd ot he r bui l di ng ma t e r ia l s , a s we ll  as t he buil di ng pr a cti c e s t ha t pr e va il  i n t he 
c ons tr uct ion of  ur ba n buil di ngs  i n Gr e ec e , ha ve  a  di rec t  i mpa c t  on t hei r  ene r gy be ha vi or . T hus , 
t he  gr e at  he at  c a pac it y of  the  buil di ng ma t e r ia l s , t he  low a i r  per me a bi li t y of  t he  e nve l ope s, t he 
pr e se nc e  of  t he r ma l  br idge s , t he  hi gh l e ve l s  of  f ir e r e s is ta nc e  and me c ha ni cal  r e si st a nc e , a s 
s ome  of  t he  t ypi c al  pr ope rt ie s  of  t he  pa rt ic ula r  c ons tr uc t ion mode l  us e d, of  c our se pl a y a  r ol e  i n 
s ha ping i mpor t a nt  pa r a me te r s  in t he  be ha vi or  of  the bui l di ngs  c once r ne d. So, t oo, do thos e 
pr oper ti e s re l at ing t o t he rma l  c onduct i vi t y, moi s t ur e pe r me a bil it y, s ound-i ns ul at i ng power  a nd 
ot her  par a me t e rs  of  t he c ons t r uc ti on e l e me nt s.  
-  T he  qua li t y of  c onst r uc ti on of  bui l di ngs  i n Gr e ec e , at  l e a st  duri ng t he  l as t  fe w de c a de s, ha s, 
by a nd l a r ge , be e n a ve ra ge . T he  bui l di ng ma t e r i al s  t ha t  ar e  us e d and the  pr a ct ice s  t ha t  a r e  a p-
pl ie d, wit h re ga r d ma i nl y the  i nvi si ble  s ur fa c e s of  buildi ngs  ( s uc h as  l a ye rs  of  i nsul at i on)  ar e  of -
t e n gove r ne d by a  r at ionale  of  l ow c ost  a nd e as e  of  a ppli c at ion. T he  unde rl yi ng c a us e s  of  t hi s 
r e al it y c a n be  s ought  i n di ff e re nt  ar e as . It s  c ons e que nc e s , howe ve r , a re  r ef l ec te d i n buil ding pa -
t hology i s s ue s  a nd of  c ours e  i n t he l ow pe rf or ma nc e s of  t he  bui l di ngs  i n t er ms  of  t he ir  e ne r gy 
be ha vi or .  
-  T he  l a st  c a te gor y c onc e r ns  t he  Gr e e k pe ople . In  pa r t icul a r, i t  c onc e rns  t he  wa y t he y be ha ve  i n 
t he  bui l di ngs  i n whi c h t hey l i ve  or  wor k. One  a s pe c t of  t his  be ha vi or  i ncl udes  the  a tt e mpt  by 
c ons tr uct or s  t o expl oi t  t he  we a kne s s e s  of  t he  exi sti ng s ys t e m of  bui l di ng c ons tr uct i on i n or de r  to 
ma ke  f i na nci al  ga i ns  at  t he e xpe nse  of  t he  quali t y of  c ons tr uct ion. Anothe r  ve r y i mpor t a nt  a s -
pe c t  of  t he  us er ’s  be ha vi or  c onc er ns  hi s  ac ti ve  i nt er ve nt i on i n pr oc es s es  t ha t  infl ue nc e  the  be ha -
vi or  of  t he  bui ldi ngs  t he y l i ve  i n. In t his  a re a , al though no a va i l a bl e  dat a  e xis t s, i t  c a n be a s -
s ume d t ha t  t he  Gr ee ks  a r e by a nd l a r ge  i ns uff ic ie ntly s e ns i t i ze d. T he  wa y i n whi c h t he y f a ce  
t hei r  r ol e  i n t he  e ne r gy beha vi or  of  buil dings  i s ra t her  s upe rf ic ia l a nd t he ir  conduc t  i n t hi s r e -
s pe ct  c ould be  de s cr i be d a s be i ng ba s e d on r e fl e x ac tions . For  e xa mpl e , t he  a c ti ons  t he y t a ke  t o 
c ontr ol t he  par a me t er s  of  t he  i nt er nal  e nvir onme nt s  of  the i r bui l di ngs  ra r el y go be yond usi ng t he  
a va i l a bl e  e l ec tr o-me c ha ni ca l  ins ta ll at i ons .  
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T he s i mi l ar iti e s  i n t he  ener gy be ha vi or  of  di ff e re nt  ur ba n buil dings  i n Gre e c e a l low us  to 
f or m a n ove r a l l  pi c tur e  of  thi s  be ha vi or . T hi s  pic t ur e  is  a l s o i mpr ove d by t he  c ompa r i s on of  the 
da t a  t hat  r e pr e se nt  it  wit h si mi l a r  dat a  fr om c ount ri e s  i n dif f er e nt  c li ma t i c  zone s . Ac c or ding t o 
wha t  has  be e n s t at e d a bove , t his  be ha vi or  pre s e nt s  ce rta i n we a kne ss e s , va ri ous  c aus a ti ve  f a ct or s 
of  whic h ha ve  a lr e a dy been i denti fi e d. One  of  the  ma i n re a sons  t hat  coul d e xpl ai n the se  we a k-
ne s s es  i s  t he fa c t t ha t ma ny of  t he cr uci a l c hoi ce s  t hat  pl a y a  pa rt  i n f or mi ng t he ove r a l l pi c tur e 
a r e  det e r mi ne d by ot he r  para me t e r s  a nd pri ori ti es . T hi s f i nding, i ns of ar  a s  i t  re ve a ls  a  wr ong a p -
pr oa ch, indic a te s  how us ef ul  i t would be  t o e nc oura ge  a t te mpt s  t o gi ve  gr e a te r  e mpha si s  t o 
e ne r gy pa r a me t e rs  i n t he des i gn, c onst r uc ti on a nd use  of  buil di ngs .  
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1 INT RODUCT ION 
Ene r gy c e r t i f i c a t i on of  bui l di ngs  i s  i nt e nde d “ to make it possible for consumers to compare and 
assess the energy performance of the building”  ( Di r e c t i ve  2002/ 91/ EC) . Ene r gy pe r f or ma nc e  i s  
r e l a t e d, a mong ot he r s , t o a r c hi t e c t ur a l  de s i gn s t r a t e gi e s  ( i nc l udi ng ma t e r i a l s  a nd c ons t r uc t i on 
e l e me nt s ) , l i ght i ng e qui pme nt , he a t i ng a nd c ool i ng s ys t e ms , dome s t i c  hot  wa t e r  s ys t e ms , t he  
qua l i t y of  c ons t r uc t i on, f i na l  a nd pr i ma r y e ne r gy s our c e s  a nd t o us e  pa t t e r ns  of  i nha bi t a nt s . 
T he  ove r a l l  obj e c t i ve  i s  t o a c hi e ve  c omf or t a bl e  a nd he a l t hy i ndoor  e nvi r onme nt s  i n a  c os t -
e f f e c t i ve  wa y. Impr ovi ng t he  e ne r gy pe r f or ma nc e  of  e xi s t i ng a nd ne w bui l di ngs  i s  t he r e f or e  a  
c ompl e x but  de t e r mi na nt  t a s k. It  e nc ompa s s e s  a  s ome t i me s  di f f i c ul t  c ompr omi s e  be t we e n e nd 
us e r s  a nd t he  ne e d t o r e duc e  t he  e ne r gy de pe nde nc e  of  c ount r i e s . Anyhow, one  s i de  of  t he  pr ob-
l e m s houl d not  pr e va i l . 
T he  c e r t i f i c a t i on of  t he  e ne r gy pe r f or ma nc e  of  r e s i de nt i a l  bui l di ngs  i n Por t uga l  i s  we l l  i m-
pl e me nt e d. Pe opl e  i n ge ne r a l  a r e  s e ns i t i ve  t o t hi s  i s s ue  a nd publ i c  a ut hor i t i e s  ha ve  be e n put t i ng 
qui t e  a n e f f or t  i n a s s ur i ng t he  vi a bi l i t y of  t he  whol e  s ys t e m. 
Howe ve r , t he  s pe c i f i c  c a l c ul a t i on me t hod t ha t  l e a ds  t o t he  de t e r mi na t i on of  t he  e ne r gy c l a s s  
doe s  not  c ons i de r  a de qua t e l y t he  ma i n a s pe c t s  of  e ne r gy pe r f or ma nc e . T hi s  pa pe r  a ddr e s s e s  t hi s  
i s s ue , a na l yzi ng t he  e xi s t i ng me t hod a nd pr opos i ng a n a da pt e d me t hodol ogy t ha t  i s  t hought  t o 
be t t e r  r e f l e c t  t he  e xt e r na l  e nve l ope  of  t he  bui l di ng. 
Th e imp o rtan ce o f  th e ex tern al en v elo p e with in  en erg y 
certif icatio n  o f  res id en tial b u ild in g s  in  P o rtu g al 
V. M . R at o 
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ABST RACT :  T he  c e r t i f i c a t i on of  t he  e ne r gy pe r f or ma nc e  of  r e s i de nt i a l  bui l di ngs  i n Por t uga l  i s  
we l l  i mpl e me nt e d. Howe ve r , t he  s pe c i f i c  c a l c ul a t i on me t hod t ha t  l e a ds  t o t he  de t e r mi na t i on of  
t he  e ne r gy c l a s s  doe s  not  c ons i de r  a de qua t e l y t he  ma i n a s pe c t s  of  e ne r gy pe r f or ma nc e . It  i s  pos -
s i bl e  t o obt a i n a n e xc e l l e nt  c e r t i f i c a t i on c l a s s  i n a  dwe l l i ng whe r e  i t s  i nha bi t a nt s  wi l l  ha ve  t o 
s pe nd mor e  e ne r gy t o obt a i n t he  nomi na l  c omf or t  c ondi t i ons , whe n c ompa r e d t o a  dwe l l i ng 
whe r e  t he  e xt e r na l  e nve l ope  i s  t he r ma l l y opt i mi ze d a nd whe r e  t he r e f or e  t he  he a t  l os s  wi l l  be  
muc h s ma l l e r . T hi s  pa pe r  a ddr e s s e s  t hi s  i s s ue , a na l yzi ng t he  e xi s t i ng me t hod a nd pr opos i ng a n 
a da pt e d me t hodol ogy t ha t  i s  t hought  t o be t t e r  r e f l e c t  t he  e xt e r na l  e nve l ope  of  t he  bui l di ng. 
Fr om t he  s t a ndpoi nt  of  publ i c  pol i c i e s , t he  pr i or i t y s houl d be  put  i nt o pr omot i ng t he  qua l i t y of  
c ons t r uc t i on t o e ns ur e  a  pot e nt i a l  of  r e duc i ng e ne r gy c ons umpt i on. Inf or ma t i on pr ovi de d by t he  
e ne r gy c l a s s  a s  de t e r mi ne d by t hi s  pr opos a l  i s  mor e  a c c ur a t e  i n t e r ms  of  t he  e nd us e r , a l l owi ng 
t he r e f or e  a  mor e  pr e c i s e  c ompa r i s on of  di f f e r e nt  dwe l l i ngs . 
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2 T HE PORT UGUESE REGULAT IONS FOR ENERGY CERT IFICAT ION OF 
RESIDENT IAL BUILDINGS 
2.1 General considerations 
The energy certification of residential buildings in Portugal depends, in general terms, on two reg-
ulations. First, on a regulation concerning the thermal comfort and the domestic water heating. Se-
condly, on a specific regulation that defines how the energy certification is implemented. 
T he  f i r s t  one , t ha t  wi l l  be  c a l l e d i n t hi s  pa pe r  by i t s  i ni t i a l s , RCCT E, de f i ne s  t he  me t hod f or  
c a l c ul a t i ng t he  a nnua l  nomi na l  e ne r gy r e qui r e me nt s  f or  he a t i ng, c ool i ng a nd dome s t i c  wa t e r  
he a t i ng a nd, ba s e d on t he s e , t he  a nnua l  pr i ma r y e ne r gy r e qui r e me nt s . T he  me t hod i s  t o be  a p-
pl i e d t o e a c h dwe l l i ng. 
T he  s e c ond r e gul a t i on ( a nd r e l a t e d r e gul a t or y doc ume nt s ) , SCE, de f i ne s  t ha t  t he  e ne r gy c l a s s  
of  a  dwe l l i ng de pe nds  on t he  quot i e nt  be t we e n t he  r e s pe c t i ve  a nnua l  pr i ma r y e ne r gy r e qui r e -
me nt s  a nd t he  ma xi mum a l l owe d va l ue . 
2.2 Primary energy requirements and energy class 
T he  c a l c ul a t i on of  t he  a nnua l  pr i ma r y e ne r gy r e qui r e me nt s  ( Ntc )  of  a  dwe l l i ng c ons i de r s  t he  a n-
nua l  nomi na l  va l ue s  of  t he  e ne r gy r e qui r e me nt s  f or  he a t i ng ( Nic ) , c ool i ng ( Nvc )  a nd dome s t i c  
wa t e r  he a t i ng ( Nac ) . De s pi t e  t hi s  ge ne r a l  pr i nc i pl e , e ne r gy f or  he a t i ng a nd c ool i ng i s  r e duc e d t o 
10 %  of  i t s  a nnua l  nomi na l  va l ue s  ( Eq. 1) . 
puaFacN
puvFNpuiFN
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ic
tc ++= ηη
1.01.0
     [ kOe / m 2 .ye a r ]  ( 1)  
whe r e  ηx  =  nomi na l  e f f i c i e nc y of  t he  s ys t e m ( f or  he a t i ng or  c ool i ng) ;  a nd Fpux  =  c onve r s i on f a c -
t or  f or  pr i ma r y e ne r gy. 
 
In wha t  c onc e r ns  t he  nomi na l  e f f i c i e nc y of  e qui pme nt s , a c t ua l  va l ue s  f r om t he  pr oduc e r s  
ma y be  us e d. T ypi c a l  va l ue s  a r e  a l s o me nt i one d i n RCCT E. T he  c onve r s i on f a c t or s  f or  pr i ma r y 
e ne r gy t o be  us e d a r e  0.290 kOe / kW h f or  e l e c t r i c i t y a s  f i na l  e ne r gy s our c e  a nd 0.086 kOe / kW h 
f or  ot he r  s ol i d, l i qui d a nd ga s  f i na l  e ne r gy s our c e s . 
On t he  ot he r  ha nd, t he  ma xi mum a l l owe d va l ue  f or  pr i ma r y e ne r gy ( Nt)  i s  c a l c ul a t e d a c c or d-
i ng t o Equa t i on 2:  
( )avit NNNN 1 5.00 1.00 1.09.0 ++=      [ kOe / m 2 .ye a r ]  ( 2)  
whe r e  Nx  =  ma xi mum va l ue s  f or  a nnua l  nomi na l  e ne r gy r e qui r e me nt s  ( f or  he a t i ng, c ool i ng a nd 
hot  wa t e r ) . 
 
T he  ma xi mum va l ue  f or  he a t i ng e ne r gy ( Ni)  i s  c a l c ul a t e d wi t h one  of  f our  pos s i bl e  e qua t i ons  
de pe ndi ng on t he  f or m f a c t or  of  t he  dwe l l i ng a nd on t he  de gr e e  da ys  of  t he  r e s pe c t i ve  c l i ma t i c  
r e gi on. T he  ma xi mum va l ue  f or  c ool i ng e ne r gy ( Nv )  i s  i ndi c a t e d i n RCCT E i n a  l i s t  of  s i x pos s -
i bl e  va l ue s  a c c or di ng t o t he  r e s pe c t i ve  c ool i ng s e a s on c l i ma t i c  r e gi on. 
 
In Equa t i on 2 t he  e qui pme nt  nomi na l  e f f i c i e nc y a nd t he  c onve r s i on f a c t or s  f or  pr i ma r y e ne r -
gy a r e  i mpl i c i t  i n t he  0.01 a nd 0.15 f a c t or s . Al t hough t he r e  i s  no of f i c i a l  doc ume nt  e xpl a i ni ng 
t he s e  numbe r s , i n t he  c a s e  of  he a t i ng a nd c ool i ng i t  i s  be l i e ve d t ha t  t he y a r i s e  f r om t he  f ol l ow-
i ng a s s umpt i ons . For  he a t i ng ( Eq. 3) , t he  c ons i de r a t i on of  a  ga s  boi l e r  wi t h ηi =  0.87 ( t ypi c a l  e f -
f i c i e nc y me nt i one d i n RCCT E) ;  f or  c ool i ng ( Eq. 4) , t he  c ons i de r a t i on of  a n e qui pme nt  wi t h a  
COP of  3 ( a l s o me nt i one d i n RCCT E a s  a  ma nda t or y s ys t e m i n t he  c a s e  t he r e  i s  no ot he r  s ys t e m 
ye t  de f i ne d i n a  de s i gn s t a ge ) . 
8 7.0
0 8 6.0 1.00 1.0 ×=  ( 3)  
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2 9 0.0 1.00 1.0 ×=  ( 4)  
T he  e ne r gy c l a s s  i s  de t e r mi ne d a c c or di ng t o t he  r e s ul t  of  t he  quot i e nt  Ntc  /  Nt a s  de f i ne d i n 
t a bl e  1. 
 
T a b l e  1 .  D e te r mina tio n o f the  e ne r gy c la ss.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E ne r gy c la ss      R =  Ntc  / Nt _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A +             R ≤  0 . 2 5  
A      0 . 2 5  <  R ≤  0 . 5 0  
B       0 . 5 0  <  R ≤  0 . 7 5  
B -       0 . 7 5  <  R ≤  1 . 0 0  
C      1 . 0 0  <  R ≤  1 . 5 0  
D       1 . 5 0  <  R ≤  2 . 0 0  
E       2 . 0 0  <  R ≤  2 . 5 0  
F      2 . 5 0  <  R ≤  3 . 0 0  
G             R >  3 . 0 0  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
Ene r gy c l a s s e s  C t o G a r e  i nt e nde d t o e xi s t i ng dwe l l i ngs  t ha t  ha ve  t o be  c e r t i f i e d unde r  c e r -
t a i n c ondi t i ons  a nd ma y not  ha ve  t o c ompl y wi t h RCCT E. In ne w bui l di ngs  t he  c ondi t i on Ntc  /  
Nt ≤  1.00 i s  ma nda t or y. 
T hi s  c a l c ul a t i on me t hod ha s  s i gni f i c a nt  i mpl i c a t i ons  i n how t he  t he r ma l  qua l i t y of  t he  bui l d-
i ng e xt e r na l  e nve l ope  i s  c ons i de r e d. In f a c t , t he  di s r e ga r d of  90 %  of  t he  he a t i ng a nd c ool i ng 
e ne r gy r e qui r e me nt s  ne ut r a l i ze s , i n t e r ms  of  pr i ma r y e ne r gy r e qui r e me nt s , t he  c ont r i but i on of  
we l l  t he r ma l l y de s i gne d c ons t r uc t i on e l e me nt s . It  ma y be  a r gue d t ha t  nomi na l  va l ue s  do not  
ha ve  a n e xa c t  ma t h i n t he  i nha bi t a nt s  c ons umi ng pa t t e r ns . T hi s  i s  i nde e d a c c ur a t e  i n wha t  c on-
c e r ns  Por t uga l  i n ge ne r a l . Howe ve r , s i nc e  t he  e ne r gy c l a s s  i s  onl y de pe nde nt  on pr i ma r y e ne r gy 
r e qui r e me nt s , e ne r gy c e r t i f i c a t i on i s  not  f a vor i ng t he  qua l i t y of  t he  e xt e r na l  e nve l ope  ne i t he r  
t he  c ont r i but i on of  pa s s i ve  s ol ut i ons . M or e ove r , i f  t he  a s s umpt i ons  of  Equa t i ons  3 a nd 4 a r e  
c or r e c t , t he  c e r t i f i c a t i on pr oc e s s  i s  f a vor i ng s pe c i f i c  s ys t e ms , e s pe c i a l l y c ons i de r i ng t he  di s c r e -
pa nc y be t we e n t he  va l ue s  of  t he  c onve r s i on f a c t or s . 
In t he  f ol l owi ng s e c t i ons  of  t hi s  pa pe r  a n e va l ua t i on of  t hi s  me t hod wi l l  be  pr e s e nt e d a nd 
s ome  pr i nc i pl e s  f or  i mpr ove me nt  wi l l  be  s ugge s t e d. 
2.3 Evaluation of the method for the determination of the energy class 
In or de r  t o be t t e r  unde r s t a nd t he  me a ni ng of  t he  a bove  c omme nt s  r e ga r di ng t he  e xt e r na l  
e nve l ope , a n a s s e s s me nt  wa s  c a r r i e d out  de t e r mi ni ng t he  e ne r gy c l a s s , va r yi ng s e ve r a l  pa r a me -
t e r s . T he s e  i nc l ude  f or m f a c t or , de gr e e  da ys , c ool i ng s e a s on c l i ma t i c  r e gi on, he a t i ng a nd c ool -
i ng s ys t e ms  a nd e qui pme nt  f or  hot  wa t e r . 
T he  ma xi mum a nnua l  nomi na l  e ne r gy r e qui r e me nt s  f or  he a t i ng ( Ni)  we r e  c a l c ul a t e d f or  t hr e e  
f or m f a c t or s  – 0.5, 1.0 a nd 1.5 – a nd f our  de gr e e  da y va l ue s  – 1000, 1500, 2000 a nd 2500. T he  
c hoi c e  of  t he s e  va l ue s  i s  r e l a t e d t o t he  s pe c i f i c  e qua t i ons  f or  Nic  a nd t o t he  i nt e r va l  of  de gr e e  
da ys  i n Por t uga l  ( t he  i nt e r va l  1000 t o 2500 c ove r s  90 %  of  t he  muni c i pa l i t i e s  i n t he  ma i nl a nd) . 
Ea c h one  of  t he  s i x pos s i bl e  ma xi mum a nnua l  nomi na l  e ne r gy r e qui r e me nt s  f or  c ool i ng ( Nv )  
wa s  a l s o c ons i de r e d. 
In t he  s c ope  of  t he  a bove  me nt i one d f a vor i ng of  s pe c i f i c  s ys t e ms  f or  he a t i ng a nd c ool i ng, 
t hi s  a s s e s s me nt  a l s o c ons i de r e d t hr e e  a l t e r na t i ve s  f or  he a t i ng:  a n e l e c t r i c  dome s t i c  de vi c e  ( ηi =  
1.00 a nd Fpui =  0.290 kO e / kW h) ;  a  s ys t e m ba s e d on wa t e r  he a t e d by a  ga s  boi l e r  ( ηi =  0.87 a nd 
Fpui =  0.086 kOe / kW h) ;  a nd a  he a t  pump ( ηi =  4.00 a nd Fpui =  0.290 kOe / kW h) . For  c ool i ng, 
e qui pme nt  wi t h COP of  3 wa s  c ons i de r e d i n e ve r y c a l c ul a t i on. T he s e  a r e  t ypi c a l  va l ue s  me n-
t i one d i n t he  r e gul a t i on. 
T he  t hr e e  t ype s  of  e qui pme nt  t o he a t  dome s t i c  wa t e r  i nc l ude d i n t hi s  a s s e s s me nt  we r e  a  ga s  
boi l e r  ( ηa  =  0.87 a nd Fpua  =  0.086 kOe / kW h) , a n e l e c t r i c  boi l e r  ( ηa  =  0.95 a nd Fpua  =  0.290 
kOe / kW h)  a nd a  ga s  he a t e r  ( ηa  =  0.50 a nd Fpua  =  0.086 kOe / kW h) . It  wa s  a l s o c ons i de r e d t he  
c ont r i but i on of  t he r ma l  s ol a r  c ol l e c t or s  t o s uppor t  t he  he a t i ng of  dome s t i c  wa t e r , us i ng t he  de -
f a ul t  r e gul a t or y pr oc e dur e s . 
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T he  ma i n c onc e r n i n t hi s  pa pe r  i s  r e l a t e d t o t he  qua l i t y of  t he  e xt e r na l  e nve l ope . T he r e f or e , 
t hr e e  qua l i t y l e ve l s  ( QL)  we r e  us e d, t hr ough t he  r e l a t i ons hi p be t we e n a nnua l  nomi na l  va l ue s  
a nd ma xi mum va l ue s  f or  he a t i ng a nd c ool i ng e ne r gy r e qui r e me nt s . Qua l i t y l e ve l s  a r e  de f i ne d i n 
t a bl e  2. 
 
T a b le  2 .  Q ua lity le ve ls use d  to  simula te  
              d iffe r e nt e xte r na l e nve lo p e s.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
QL    Nic  / Ni    Nvc  / Nv _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1       0 . 9      0 . 9  
2       0 . 5      0 . 5  
3       0 . 1      0 . 1  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2.4 Assessment results and discussion 
For  e a c h qua l i t y l e ve l  648 pos s i bl e  c ombi na t i ons  we r e  c a l c ul a t e d a nd t he  e ne r gy c l a s s  de t e r -
mi ne d. Re s ul t s  a r e  pr e s e nt e d i n Fi gur e s  1, 2 a nd 3, i n t e r ms  of  t he  pe r c e nt a ge  of  c ombi na t i ons  
t ha t  f a l l  unde r  e a c h of  t he  e ne r gy c l a s s e s , f or  e a c h t ype  of  e qui pme nt  f or  dome s t i c  hot  wa t e r  
( DHW ) . In t he s e  f i gur e s , “ nc ”  me a ns  t ha t  RCCT E r e gul a t i on i s  not  c ompl i e d wi t h. 
 
 
 
Figur e  1 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 1 .  
 
 
 
 
Figur e  2 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 2 .  
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Figur e  3 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 3 .  
 
 
For  QL 1, t he r e  a r e  c ombi na t i ons  t ha t  do not  c ompl y wi t h RCCT E be c a us e  Ntc  >  Nt. In e ve r y 
one  of  t he s e  c a s e s , t he  he a t i ng s ys t e m i s  a n e l e c t r i c  dome s t i c  de vi c e . M os t  of  QL 1 c ombi na -
t i ons  ha ve  a  B or  B- e ne r gy c l a s s . W i t h t he  ga s  he a t e r  f or  DHW  a  ma j or i t y of  t he  c a s e s  ha ve  a  B 
c l a s s , whi l e  wi t h t he  e l e c t r i c  boi l e r  t he r e  a r e  mor e  c a s e s  wi t h a  B- c l a s s . T hi s  a r i s e s  f r om t he  
s i gni f i c a nt  di f f e r e nc e  i n t he  c onve r s i on f a c t or s  t o pr i ma r y e ne r gy ( 0.086 kOe / kW h a nd 0.290 
kOe / kW h, r e s pe c t i ve l y)  de s pi t e  t he  a l s o s i gni f i c a nt  di f f e r e nc e  i n t he  nomi na l  e f f i c i e nc y c ons i -
de r e d ( ηa  =  0.50 a nd ηa  =  0.95, r e s pe c t i ve l y) . Anot he r  i mpor t a nt  obs e r va t i on i s  t ha t  wi t h t he  ga s  
boi l e r  t he  ma j or i t y of  t he  c ombi na t i ons  obt a i n a n A c l a s s , de s pi t e  t he  ba d qua l i t y of  t he  e xt e r na l  
e nve l ope . 
For  QL 2, t he r e  a r e  no c a s e s  of  non-c ompl i a nc e . Anot he r  di f f e r e nc e  f r om QL 1 i s  t ha t  wi t h 
t he  e l e c t r i c  boi l e r  t he  ma j or i t y of  t he  c ombi na t i ons  f a l l  now unde r  a  B c l a s s . Howe ve r , wi t h t he  
ga s  he a t e r  t he r e  a r e  mor e  B  c l a s s e s  t ha n wi t h t he  e l e c t r i c  boi l e r . 
For  QL 3, a l l  t he  c ombi na t i ons  wi t h t he  e l e c t r i c  boi l e r  ha ve  a  B c l a s s . T he  ma j or i t y of  t he  
c a s e s  wi t h t he  ga s  he a t e r  ha ve  a  B c l a s s  a l t hough s ome  f a l l  unde r  a n A c l a s s . Fi na l l y, wi t h t he  
ga s  boi l e r , mos t  of  t he  c ombi na t i ons  ha ve  a n A + c l a s s . 
T he s e  r e s ul t s  c l e a r l y s how t ha t  t he  qua l i t y of  t he  e xt e r na l  e nve l ope  ( a s  s i mul a t e d by t he  r e l a -
t i ons hi p be t we e n nomi na l  a nd ma xi mum he a t i ng a nd c ool i ng e ne r gy r e qui r e me nt s )  ha ve  s ome  
i nf l ue nc e  i n t he  e ne r gy c l a s s . Howe ve r , DHW  s ys t e ms  a nd pr i ma r y e ne r gy ha ve  t he  ma i n r ol e  
i n t hi s  c e r t i f i c a t i on pr oc e s s . T hi s  i s  why i t  i s  pos s i bl e  t o obt a i n a n A c l a s s  wi t h a  ba d qua l i t y e x-
t e r na l  e nve l ope  ( QL 1) ;  t hi s  i s  a l s o why a  DHW  e qui pme nt  wi t h nomi na l  e f f i c i e nc y of  0.50 
l e a ds  t o be t t e r  r e s ul t s  t ha n a not he r  wi t h nomi na l  e f f i c i e nc y of  0.95. T he s e  r e s ul t s  a r i s e  f r om t he  
f a c t  t ha t  90 %  of  t he  he a t i ng a nd c ool i ng nomi na l  e ne r gy r e qui r e me nt s  a r e  di s r e ga r de d whe n 
de t e r mi ni ng t he  e ne r gy c l a s s , t hus  gi vi ng pr e domi na nc e  t o t he  DHW  s ys t e m. T he s e  r e s ul t s  a l s o 
a r i s e  f r om t he  c onve r s i on f a c t or s  t o pr i ma r y e ne r gy a c t ua l l y r e gul a t e d. 
T hi s  wa y of  c ons i de r i ng t he  e ne r gy e f f i c i e nc y of  r e s i de nt i a l  bui l di ngs  a nd dwe l l i ngs  doe s  not  
pr ope r l y c ons i de r s  t he  da y-t o-da y us e  a nd t he  e f f or t  t ha t  i nha bi t a nt s  mus t  put  t o ha ve  t he r ma l  
c omf or t  a nd DHW . It  i s  pos s i bl e  t o obt a i n a n e xc e l l e nt  c e r t i f i c a t i on c l a s s  i n a  dwe l l i ng whe r e  
i t s  i nha bi t a nt s  wi l l  ha ve  t o s pe nd mor e  e ne r gy t o obt a i n t he  nomi na l  c omf or t  c ondi t i ons , whe n 
c ompa r e d t o a  dwe l l i ng whe r e  t he  e xt e r na l  e nve l ope  i s  t he r ma l l y opt i mi ze d a nd whe r e  t he r e f or e  
t he  he a t  l os s  wi l l  be  muc h s ma l l e r . In s i mpl e  t e r ms , i t  ma y be  s a i d t ha t  wi t h e f f i c i e nt  DHW  a nd 
he a t i ng e qui pme nt s  us i ng ga s  a s  f i na l  e ne r gy s our c e  a nd wi t h t he  i ns t a l l a t i on of  t he r ma l  s ol a r  
c ol l e c t or s , t he  e ne r gy c l a s s  wi l l  be  ve r y good, e ve n i f  t he  e xt e r na l  c ons t r uc t i on e l e me nt s  ha ve  
hi gh U-va l ue s . 
T hi s  pr e domi na nc e  of  ga s  a s  f i na l  e ne r gy s our c e  i s  of  c our s e  r e l a t e d t o t he  e ne r gy mi x c ons i -
de r e d i n t hi s  r e gul a t i on pa c ka ge . As  f a r  a s  i t  wa s  pos s i bl e  t o s e a r c h, t he r e  i s  no of f i c i a l  i nf or ma -
t i on a bout  t he  da t e  of  t hi s  e ne r gy mi x. 
It  i s  be l i e ve d t ha t  t he  e ne r gy c l a s s  of  a  dwe l l i ng s houl d not  onl y r e f l e c t  t he  wa y i t s  e ne r gy e f -
f i c i e nc y i nf l ue nc e s  t he  gl oba l  e ne r gy de pe nde nc e  of  t he  c ount r y, but  i t  s houl d be gi n t o r e f l e c t  
e f f i c i e nc y i t s e l f . 
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In t he  f ol l owi ng s e c t i on a n a da pt e d me t hod i s  pr opos e d. T he  ma i n obj e c t i ve  i s  t o a l l ow f or  
mor e  a de qua t e  i nf or ma t i on t o t he  ge ne r a l  publ i c  whe n a na l yzi ng e ne r gy c e r t i f i c a t e s  of  di f f e r e nt  
dwe l l i ngs . 
3 PROPOSAL T O ADAPT  T HE DET ERM INAT ION OF T HE ENERGY CLASS 
3.1 General principles 
On t he  ba s i s  of  wha t  ha s  be e n pr e vi ous l y pr e s e nt e d i n t hi s  pa pe r , a n a da pt a t i on of  t he  me t hod t o 
de t e r mi ne  t he  e ne r gy c l a s s  of  a  dwe l l i ng s houl d c ons i de r  t he  qua l i t y of  t he  e xt e r na l  e nve l ope , 
t he  s ys t e ms  t o pr oduc e  dome s t i c  hot  wa t e r  a s  we l l  a s  pr i ma r y e ne r gy r e qui r e me nt s . In a  f i r s t  
a ppr oa c h, t he s e  pa r a me t e r s  a r e  t a ke n i nt o a c c ount  e qua l l y. 
T he  e ne r gy c l a s s  i s  de pe nde nt  on t he  r e s ul t  of  a  pr opos e d i nde x ( R* )  a nd c ons i de r s  t he  i nt e r -
va l s  s how n i n T a bl e  1. A ne w e qua t i on t o c a l c ul a t e  ma xi mum pr i ma r y e ne r gy r e qui r e me nt s  i s  
a l s o pr opos e d i n or de r  t o a c c ount  f or  t he  he a t i ng a nd c ool i ng s ys t e ms  a c t ua l l y be i ng s pe c i f i e d. 
3.2 Adapted equations 
Equa t i on 5 pr opos e s  a  ne w me t hod of  c a l c ul a t i ng ma xi mum a nnua l  pr i ma r y e ne r gy r e qui r e -
me nt s  ( Nt* ) :  

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Equa t i on 6 de s c r i be s  a  pr opos e d i nde x ( R* )  whi c h r e s ul t  de f i ne s  t he  e ne r gy c l a s s :  
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=  ( 6)  
whe r e  fx  =  we i ght i ng f a c t or s  t o a c c ount  f or  he a t i ng, c ool i ng, DHW  a nd pr i ma r y e ne r gy r e -
qui r e me nt s . 
U s i ng t he s e  pr opos e d a da pt a t i ons , t he  c a l c ul a t i ons  ha ve  be e n r e pe a t e d f or  a l l  t he  va r i a bl e s  
pr e vi ous l y me nt i one d. Re s ul t s  a r e  pr e s e nt e d a nd di s c us s e d i n t he  ne xt  s e c t i on. 
3.3 Results and discussion of the proposed adapted method 
T he  r e s ul t s  of  t he  a da pt e d me t hod a r e  pr e s e nt e d i n Fi gur e s  4, 5 a nd 6. T he  we i ght i ng f a c t or  
us e d wa s  1/ 3, t ha t  i s , i n t he s e  c a l c ul a t i ons  t he  s a me  i mpor t a nc e  wa s  a s s i gne d t o he a t i ng a nd 
c ool i ng ( a nd t he r e f or e  t o t he  e xt e r na l  e nve l ope ) , dome s t i c  hot  wa t e r  a nd pr i ma r y e ne r gy. 
 
 
Figur e  4 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 1  ( a d a p te d  me tho d ) .  
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Figur e  5 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 2  ( a d a p te d  me tho d ) .  
 
 
 
 
Figur e  6 .  E ne r gy c la ss p e r  D H W  e q uip me nt,  QL 3  ( a d a p te d  me tho d ) .  
 
 
T he  r e s ul t s  s how t ha t  t he  pr opos e d a da pt e d me t hod a l l ows  f or  wha t  i s  be l i e ve d t o be  a n a de -
qua t e  c ons i de r a t i on of  t he  e xt e r na l  e nve l ope  a nd t he  e ne r gy e f f i c i e nc y of  t he  bui l di ng. T he  i m-
por t a nc e  of  t he  pr i ma r y e ne r gy r e qui r e me nt s  i s  di l ut e d but , wi t h we l l  de s i gne d c ons t r uc t i on 
e l e me nt s , f i na l  e ne r gy r e qui r e me nt s  a r e  muc h s ma l l e r  a nd t hus  t he  ne ga t i ve  e f f e c t  of  s ome  f i na l  
s our c e s  of  e ne r gy a l s o l os e s  s i gni f i c a nc e . 
For  t he  c a s e s  wi t h QL 1, t he  B c l a s s  i s  obt a i ne d wi t h l ow va l ue s  of  t he  f or m f a c t or  a nd of  t he  
de gr e e  da ys . Ot he r wi s e , t he  e ne r gy c l a s s  i s  a l wa ys  B- r e f l e c t i ng hi gh t he r ma l  l os s  t hr ough t he  
e xt e r na l  e nve l ope  a nd ve nt i l a t i on. T he  poor  e f f i c i e nc y of  t he  ga s  he a t e r  c ons i de r e d doe s  not  a l -
l ow a ny B  c l a s s . 
For  t he  c a s e s  wi t h QL  2 a nd QL 3, t he  i mpr ove me nt  of  t he  e xt e r na l  e nve l ope  l e a ds  t o a  pr o-
gr e s s i ve  i nc r e a s e  i n t he  e ne r gy c l a s s . 
T hi s  me t hod s e e ms  t o pr ovi de  mor e  c r e di bl e  i nf or ma t i on t o non-s pe c i a l i ze d pe r s ons  wi l l i ng 
t o de c i de  on t he  ba s i s  of  e ne r gy pe r f or ma nc e . 
Fr om t he  s t a ndpoi nt  of  publ i c  pol i c i e s , t he  pr i or i t y s houl d be  put  i nt o pr omot i ng t he  qua l i t y 
of  c ons t r uc t i on t o e ns ur e  a  pot e nt i a l  of  r e duc i ng e ne r gy c ons umpt i on. W i t hout  t hi s  pot e nt i a l  a s -
s ur e d, e ve r y a c t i on t a ke n t o i mpr ove  e ne r gy de pe nde nc e , on t he  s i de  of  pr i ma r y e ne r gy, wi l l  not  
ha ve  muc h e f f e c t  or  a t  l e a s t  wi l l  ha ve  a  muc h s ma l l e r  e f f e c t  t ha n wha t  c oul d be  e xpe c t e d. 
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4 CONCLUSIONS 
T he  e xi s t i ng me t hodol ogy t o de t e r mi ne  t he  e ne r gy c l a s s  of  r e s i de nt i a l  bui l di ngs  i n Por t uga l  pr i -
vi l e ge s  dome s t i c  hot  wa t e r  ( DHW )  a nd pr i ma r y e ne r gy r e qui r e me nt s . T he  qua l i t y of  t he  e xt e r -
na l  e nve l ope  i s  ne gl e c t e d a nd pr i ma r y e ne r gy pr e va i l s  ove r  t he  e f f i c i e nc y of  t he  e qui pme nt s . 
T he r e f or e , t hi s  me t hod doe s  not  r e f l e c t  pr ope r l y a l l  t he  i s s ue s  r e l a t e d t o t he  e ne r gy pe r f or ma nc e  
of  t he  bui l di ng. 
T he  a da pt e d me t hod pr opos e d i n t hi s  pa pe r  s e e ms  t o be t t e r  ba l a nc e  he a t  l os s  a nd ga i n, DHW , 
s ys t e ms  e f f i c i e nc y a nd t he  i mpl i c a t i ons  of  t he s e  e ne r gy r e qui r e me nt s  i n t e r ms  of  pr i ma r y e ne r -
gy. Inf or ma t i on pr ovi de d by t he  e ne r gy c l a s s  a s  de t e r mi ne d by t hi s  pr opos a l  i s  mor e  a c c ur a t e  i n 
t e r ms  of  t he  e nd us e r , a l l owi ng t he r e f or e  a  mor e  pr e c i s e  c ompa r i s on of  di f f e r e nt  dwe l l i ngs . 
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1 M ET HODOLOGY 
1.1 Different scales and different layers in the city 
Ur ba n mor phol ogy de s c r i be s  t he  c i t y wi t h t he  he l p of  di f f e r e nt  i nt e r de pe nde nt  l a ye r s :  
1) Huma n i nt e r a c t i ons  a nd a c t i vi t i e s  a r e  t he  f i r s t  l e ve l  s t udi e d, i t  c or r e s ponds  t o t he  uppe r  
pa r t  of  t he  s c he me  be l ow. 
2) St r e e t s  ne t wor k a nd ur ba n pa t t e r n a r e  t he  s e c ond c e nt e r  of  f oc us ;  t he y i mpl y me a ns  of  
t r a ns por t a t i ons  i n t he  l ong r un a nd a r e  t he  f i r s t  c hoi c e  t o be  ma de  t o de s i gn a  c i t y or  a  
di s t r i c t . 
3) T he  t hi r d l a ye r  i s  t he  pl ot . T he  a dmi ni s t r a t i ve  a nd hi s t or i c a l  di vi s i ons  of  t he  c i t y a r e  a  
c ons t r a i nt  t ha t  of t e n i nduc e s  a  c e r t a i n t ype  of  hous e s . For  e xa mpl e , s ma l l  pl ot s  
di s c our a ge  t he  c ons t r uc t i on of  hi gh r i s e  bui l di ngs .  
4) T he n t opogr a phy a nd r e l i e f  a r e  s t udi e d, t he y a l s o i nf l ue nc e  f l ows  i n t he  c i t y a l ong wi t h 
t he  ur ba n f or m. 
5) T he  f i f t h l a ye r  c ompr i s e s  t he  a c t i vi t i e s  a nd l a nd us e . T hi s  i s  ve r y i mpor t a nt  f or  t he  f l ow 
of  pe opl e , t he  e qui l i br i um, a nd dyna mi c  of  t he  c i t y. It  i s  c r uc i a l  on a  f i na nc i a l  poi nt  of  
vi e w a s  we l l  a s  on a  s oc i a l  poi nt  of  vi e w.  
1.2 Measuring the city to limit GES emissions through the urban form 
Re s e a r c h a t  t he  CST B 1  Ur ba n M or phol ogi e s  La bor a t or y me a s ur e s  t he  c i t y – s t r e e t  l e ngt hs , 
bui l di ng he i g ht s , gr e e n a r e a s  a nd s o f or t h – a nd us e s  ge ome t r i c  da t a  t o de s c r i be  i t s  mor phol ogy 
a nd s pa t i a l  or ga ni za t i on. T he  da t a  a r e  us e d t o c ons t r uc t  ur ba n pa r a me t e r s  t ha t  a f f e c t  e ne r gy 
c ons umpt i on a nd e nvi r onme nt a l  pe r f or ma nc e . W e  c a n c ompa r e  t he  pe r f or ma nc e s  of  c i t i e s  
a c r os s  t he  wor l d by i nt e gr a t i ng t he i r  mor phol ogi c a l  pa r a me t e r s  i nt o e ne r gy a nd e nvi r onme nt a l  
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ABST RACT :  By 2030 t he  M e di t e r r a ne a n c i t i e s  wi l l  c ount  100 mi l l i on ne w i nha bi t a nt s . T hi s  
ne w ur ba ni z a t i on wi l l  be  mos t l y i nf or ma l  a nd i n t he  Sout he r n pa r t  of  t he  M e di t e r r a ne a n r e gi on. 
M or e ove r , i t  wi l l  ha ve  t o me e t  wi t h t he  c ha l l e nge  of  s us t a i na bl e  de ve l opme nt  a nd wi t h a  mor e  
a nd mor e  a r i d c l i ma t i c  s i t ua t i on due  t o Gl oba l  W a r mi ng. On t he  ot he r  ha nd, t he  M e di t e r r a ne a n 
r e gi on pr e s e nt s  a  huge  pot e nt i a l  f or  s ol a r  e ne r gy a nd ha s  a  l ong t r a di t i on of  bi oc l i ma t i c  ur ba n-
i s m. T o c ope  wi t h t hos e  c ha l l e nge s  a nd t o s e i ze  t he s e  oppor t uni t i e s  we  pr opos e  t o a na l yze  ur -
ba n mor phol ogy, whi c h i s  a n i nf l ue nt i a l  f a c t or  on t he  e ne r gy pe r f or ma nc e  a nd l i va bi l i t y of  a  
c i t y. W e  wi l l  que s t i on wha t  l e s s ons  a r e  t o be  l e a r ne d f r om t r a di t i ona l  ve r na c ul a r  dwe l l i ngs . 
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e qua t i ons , i n or de r  t o he l p de c i s i on-ma ke r s  or ga ni ze  c i t i e s  s o t he y c ons ume  t he  f e we s t  r e -
s our c e s  pos s i bl e  whi l e  r e ma i ni ng a t t r a c t i ve  pl a c e s  t o l i ve . 
Ac t i ng s i mul t a ne ous l y on ur ba n f or m, bui l di ng t e c hnol ogy a nd s ys t e ms , a nd pe opl e ’ s  be ha v-
i our  woul d he l p r e duc e  GHG e mi s s i ons  i n s uc c e s s i ve , c umul a t i ve  s t e ps . By i t s e l f , we l l -t hought -
out  bi oc l i ma t i c  de s i gn of  ur ba n mor phol ogy woul d c ut  GHG e mi s s i ons  i n ha l f . Opt i mi zi ng 
bui l di ng t e c hnol ogy woul d f ur t he r  di vi de  e mi s s i ons  by 2.5, whi l e  opt i mi zi ng s ys t e ms  woul d 
ha l ve  t he m a ga i n. Fi na l l y, r e s i de nt s  a dopt i ng “ s obe r ”  or  l ow-c a r bon-c ons umi ng be ha vi our s  
woul d a ga i n di vi de  e ne r gy c ons umpt i on by 2.5. Ul t i ma t e l y, c ombi ni ng a l l  of  t he s e  f a c t or s  
woul d ha ve  a  mul t i pl i c a t i ve  e f f e c t , r e duc i ng e ne r gy c ons umpt i on by 90%  t o 95% . 
 
2 M ORPHOLOGY, CONT INUIT Y, CONNECT IV IT Y 
2.1 Morphological discontinuities 
Whereas in Europe urban morphology of cities changed slightly along time for centuries, the 
South of the Mediterranean Sea experienced a huge morphological discontinuity between the co-
lonization and the creation of new cities as in Morocco. Barcelona is a typical example of a 
smooth change in its urban morphology between the old, medieval Barri Gothic and the new, 
modern extension designed by Cerda during the 18 th  century. In Fes, the old medieval city (the 
medina)  is closed by high walls and the French created a new city a few kilometers away from the 
medina with typical French urbanism.  
 
T oda y, bot h Nor t h a nd Sout h s hor e s  of  t he  M e di t e r r a ne a n Se a  a r e  e xpe r i e nc i ng a  ne w mor pho-
l ogi c a l  c ha nge  wi t h t he  i nt e r na t i ona l  mode r n ur ba ni s m i nhe r i t e d by Le  Cor bus i e r ’ s  t he or i e s . 
T he  mor phol ogy i s  c ha r a c t e r i ze d by hi gh r i s e  s kys c r a pe r s  wi t h no c onne c t i on t o t he i r  e nvi r on-
me nt , a nd ur ba n s pr a wl . W i t h t he  s a me  popul a t i on ( 2.1 mi l l i on)  t he  Gr e a t  T uni s  i s  25 t i me s  
bi gge r  t ha n Pa r i s .  
 
2.2 Our approach 
T he  La bor a t or y of  Ur ba n M or phol ogy us e s  ma t he ma t i c a l  t he or i e s , l i ke  t he  gr a ph t he or y, t o 
a na l yze  di f f e r e nt  ur ba n t e xt ur e s  a nd t he i r  c onne c t i vi t y. In or de r  t o a na l yze  s t r e e t  pa t t e r ns , t hr e e  
l e ve l s  of  a na l ys i s  mus t  be  di s t i ngui s he d wi t h di f f e r e nt  de gr e e s  of  a bs t r a c t i on.  
 
• Composition of  t he  s t r e e t  ne t wor k. T hi s  i s  t he  f i r s t  i mpr e s s i on a nyone  ha s , whe n he  
c ome s  i nt o a  ne w c i t y. T he  c onne c t i on be t we e n t he  huma n be i ng a nd i t s  e nvi r onme nt  
a r e  t he  c or e  pa r t  of  t he  c ompos i t i on:  how doe s  t he  s pa c e  phys i c a l l y or  vi s ua l l y i mpa c t  
t he  ma n?  For  e xa mpl e , t o de s c r i be  T or i no t he  na r r owne s s  of  s t r e e t s , t he  r e l a t i ve  he i ght s  
of  bui l di ngs , t he  i mpr e s s i on of  s ur pr i s e  c r e a t e d by t he  s udde n di s c ove r y of  huge  pl a c e s  
a r ound t he  c or ne r  of  a  s ma l l  s t r e e t , mus t  be  di s c us s e d on a  c ompos i t i on poi nt  of  vi e w.  
• Configuration. T he  f or m i s  t a ke n out  of  t he  a na l yzi s  a nd t he  f oc us  i s  put  onl y on t o-
pol ogi e s , t ha t  i s  t o s a y t he  c onne c t i ons  be t we e n t he  di f f e r e nt  e l e me nt s  of  t he  c i t y. Ra -
t i os  a r e  c a l c ul a t e d, i ndi c a t or s  of  c ont i nui t y a nd c onne c t i vi t y.  
• Constitution. T he  s t r uc t ur e  of  l i nks  a nd node s  i s  t he n t he  c e nt e r  of  f oc us . Hi e r a r c hy 
a nd c ons t r a i nt s  a r e  t he  t wo c e nt r a l  t opi c s  di s c us s e d i n t hi s  pa r t . T ypol ogi e s  of  s t r e e t  
pa t t e r ns  a r e  bui l t  a nd us e d. T hi s  pa r t  he l ps  t o unde r s t a nd t he  f unda me nt a l  c hoi c e s  of  
ur ba n de s i gne r s .   
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Our  a ppr oa c h i mpl i e s  t he  de f i ni t i on of  i ndi c a t or s , s uc h a s  t he  c yc l oma t i c  numbe r . Cyc l o-
ma t i c  numbe r s , whi c h c ount  t he  numbe r  of  c i r c ui t s  i n a  ne t wor k, pr ove  ve r y us e f ul  t o me a s ur e  a  
c i t y’ s  de gr e e  of  c onne c t i vi t y ba s e d s i mpl y on i t s  bl oc k or ga ni za t i on. A c yc l oma t i c  numbe r  
gi ve s  us  a n i de a  of  t he  numbe r  of  pos s i bl e  r out e s  be t we e n one  poi nt  t o a not he r :  t he  hi ghe r  t he  
c yc l oma t i c  numbe r  i s , t he  mor e  di ve r s i f i e d t he  pos s i bl e  r out e s  a nd t he  l e s s  c onge s t e d t he  c i t y 
wi l l  be . M or e ove r , r out e  di ve r s i t y a l l ows  va r i ous  f or ms  of  t r a ns por t  – s uc h a s  wa l ki ng, bi c y-
c l i ng, or  t a ki ng t he  bus  or  t r a m – a da pt e d t o di f f e r e nt  a c t i vi t i e s . T he  c yc l oma t i c  numbe r , c om-
bi ne d wi t h t he  a ve r a ge  di s t a nc e  be t we e n t wo i nt e r s e c t i ons , ha s  be e n us e d t o s t udy s e ve r a l  c i t i e s  
i n di f f e r e nt  r e gi ons  of  t he  wor l d, a l l owi ng c ompa r i s ons  of  t he i r  ur ba n bl oc k f or ms . 
 
T he  Ur ba n M or phol ogy La b s t udi e s  s howe d t ha t  t r a di t i ona l  ur ba n f or ms , s uc h a s  t hos e  i n t he  
hi s t or i c a l  c e nt r e  of  K yot o or  i n Pa r i s , ha ve  ma ny mor e  a l t e r na t i ve  r out e s  a nd muc h s hor t e r  di s -
t a nc e s  be t we e n i nt e r s e c t i ons  t ha n mode r n t owe r -bl oc k c i t i e s , s uc h a s  Le  Cor bus i e r  mode r ni s t  
a r c he t ype  Ci t y of  3 M i l l i on i nha bi t a nt s . T he  f i r s t  t wo c i t i e s  ha ve  l a yout s  t ha t  a l l ow move me nt s  
on f oot  or  by bi c yc l e , s ubs e que nt l y a da pt e d t o t r a ms . Bot h c i t i e s  we r e  bui l t  be f or e  mot or i ze d 
ve hi c l e s , whi l e  mode r ni s t  c i t i e s  de ve l op s ol e l y t o s ui t  t he  ne e ds  of  c a r s . T hi s  c l e a r l y c r e a t e s  
pr obl e ms :  c a r s  t e nd t o e xc l ude  ot he r  pe opl e , oc c upy a  gr e a t  de a l  of  s pa c e  a nd c onc e nt r a t e  hi gh 
pol l ut i on l e ve l s . A s us t a i na bl e  c i t y mus t  a l l ow i ndi vi dua l s  t o c hoos e  t he i r  t r a ns por t  mode s  a nd 
t o a da pt  t he m t o t he i r  a c t i vi t i e s , gi vi ng pr i or i t y t o s of t , non-pol l ut i ng me a ns  of  t r a ns por t  – 
me a ns  t ha t  a r e  mor e  be ne f i c i a l  t o he a l t h, a c c e s s i bl e  t o a l l  t ype s  of  pe opl e , a nd i nde pe nde nt  of  
unpr ove n a nd c os t l y t e c hnol ogi c a l  a dva nc e s  i nt e nde d f or  l e s s -pol l ut i ng c a r s . A s us t a i na bl e  c i t y 
mus t  a l l ow i ndi vi dua l s  t o c hoos e  t he i r  me a ns  of  t r a ns por t . 
2.3 Measuring the connectivity of Mediterranean urban forms: the example of Fes, Morocco  
 
Is l a mi c  pa t t e r ns  c a n e a s i l y be  s e t  a pa r t  f r om ot he r  pa t t e r ns . Be l ow a r e  r e pr e s e nt e d Is l a mi c  Pa t -
t e r ns  i n c ompa r i s on wi t h a  mode r ni s t  pa t t e r n ( Br a zi l i a )  a nd a  ne w ur ba ni s m of  s pr a wl  i n t he  
US. 
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M or e ove r  t he s e  s pe c i f i c i t i e s  c a n be  ma t he ma t i c a l l y pr ove d a nd a na l ys e d. T ha t  i s  t he  obj e c t  of  
t he  ve r y i nt e r e s t i ng wor k of  K uba t  & As a mi , who c r e a t e d a  ma t he ma t i c a l  f unc t i on t o di s c r i mi -
na t e  Is l a mi c  pa t t e r ns . T he i r  wor k out l i ne d t he  f ol l owi ng c ha r a c t e r i s t i c s  of  Is l a mi c  pa t t e r ns :   
- Nume r ous  c ul -de -s a c s  
- Huge s  ur ba n bl oc s  
- Fe w X -j unc t i ons  
- Na r r ow a nd c ur ve d s t r e e t s   
- An opa que  ne t wor k t ha t  c a nnot  be  a ppr e he nde d t ot a l l y e a s i l y.  
 
W e  a ppl i e d our  me t r i c a l  me t hod t o f our  s a mpl e s  of  ur ba n mor phol ogi e s  i n Fe s , M or oc c o.  
 
T r a di t i ona l  Is l a mi c  pa t t e r ns  a r e  c ha r a c t e r i ze d by a  ve r y t hi n ur ba n gr i d. You c a n me a s ur e  t hi s  
by l ooki ng a t  t he  me a n di s t a nc e  be t we e n i nt e r s e c t i ons . It  i s  10 me t e r s  i n Fe z, 40 me t e r s  i n T o-
l e do a nd a l mos t  a l l  Eur ope a n me di e va l  c i t i e s , whi c h a r e  ve r y c l os e d t o t he  me di na  t ype , whe -
r e a s  t he  me a n di s t a nc e  be t we e n i nt e r s e c t i ons  i s  150 me t e r s  i n Pa r i s , M e l bour ne  a nd Hong 
K ong. It  i s  a  f i r s t  mor phol ogi c a l  c ha nge  i n t he  ur ba n f or m, f r om t he  me di e va l  t ype , wi t h a  ve r y 
t hi n gr i d, a nd t he  f i r s t  e xt e ns i ons  of  t hi s  gr i d. T he n a not he r  huge  mor phol ogi c a l  c ha nge  a p-
pe a r e d i n t he  s e c ond ha l f  of  t he  20 th  c e nt ur y wi t h t he  ne w mode r ni s t  ur ba n f or ms  a nd t he  ur ba n 
s pr a wl . T he  di s t a nc e  be t we e n i nt e r s e c t i ons  i n Br a s i l i a  i s  400 t o 500 me t e r s . W e  c a n f i nd t hi s  
ki nd of  t ypol ogy i n Fe s , wi t h t he  ol d me di na , t he  ne w t own bui l t  by t he  Fr e nc h s e t t l e r s , a nd ne w 
de ve l opme nt s .  
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T hi s  mul t i pl i c a t i on by mor e  t ha n t e n of  t he  ba s i c  s i ze  of  t he  c i t y, c r e a t e s  a  c i t y ma de  f or  t he  c a r  
a nd not  f or  t he  pe de s t r i a n. It  pr oduc e s  a  c i t y whi c h doe s n’ t  r e a c h t he  de ns i t y r e qui r e d t o pr ot e c t  
i t s e l f  f r om t he  s un t hr ough t he  c l umpi ng of  hous i ng uni t s  wi t h e a c h ot he r . T he  c yc l oma t i c  num-
be r  i s  a l s o ve r y i mpor t a nt . It  i s  a n i ndi c a t or  of  t he  numbe r  of  di f f e r e nt  pos s i bl e  pa t hs  t hr ough 
t he  c i t y. T he  c yc l oma t i c  numbe r  i s  c r a s hi ng down i n t he  mode r n t own, c r e a t i ng a  monot onous  
r e pe t i t i ve  c i t y f r om a  pe de s t r i a n poi nt  of  vi e w.  
 
   
T he  ol d me di na  
- c yc l oma t i c  numbe r  :  200 
- de ns i t y of  i nt e r s e c t i ons  :  6 pe r  ha  
- me a n di s t a nc e  be t we e n i nt e r s e c t i ons  :  10m 
 
T he  Fr e nc h c ol oni a l  c i t y 
- c yc l oma t i c  numbe r  :  40 
- de ns i t y of  i nt e r s e c t i ons  :  1,4 pe r  ha  
- me a n di s t a nc e  be t we e n i nt e r s e c t i ons  :  50m 
 
   
Ne w pr oj e c t   
- c yc l oma t i c  numbe r  :  40 
- de ns i t y of  i nt e r s e c t i ons  :  1 pe r  ha  
- me a n di s t a nc e  be t we e n i nt e r s e c t i ons  :  75m 
 
Inf or ma l  s e t t l e me nt  
- c yc l oma t i c  numbe r  :  6 
- de ns i t y of  i nt e r s e c t i ons  :  0,3 pe r  ha  
- me a n di s t a nc e  be t we e n i nt e r s e c t i ons  :  100m 
 
3 M ORPHOLOGY AND V ERNACULAR BIOCLIM AT IC CIT IES IN T HE 
M EDIT ERRANEAN AREA 
3.1 Introduction 
Cur r e nt  de s i gn gui de l i ne s  us e d i n Nor t he r n Eur ope  do not  a ppl y t o t he  Sout he r n s hor e  of  t he  
M e di t e r r a ne a n Se a , whe r e  t he  ma i n que s t i on i s  t o de a l  wi t h hot  a nd dr y c l i ma t e . Le s s ons  f or  t he  
de s i gn of  ur ba n f or ms  c a n be  f ound i n t r a di t i ona l  or ga ni za t i on of  huma n s e t t l e me nt s , whi c h 
we r e  ve r y e f f i c i e nt  t o pr ot e c t  f r om l i ght  a nd t o us e  wi nd t o r e f r e s h t he  c i t y a t  di f f e r e nt  s c a l e s  
t ha nks  t o a  ve r y por ous  ur ba n t e xt ur e  ( wi t h t he  t r a di t i ona l  c our t hous e  f or  e xa mpl e )  whi c h 
c r e a t e s  a  de ns e  ( not  c ompa c t )  c i t y. T hi s  pe c ul i a r  t e xt ur e  ma ni pul a t e s  t he  c l i ma t e  t o c r e a t e  a  
mor e  l i va bl e  a nd s us t a i na bl e  c i t y, a nd i t  c oul d be  us e d t o de s i gn ne w ur ba n de ve l opme nt s .  
 
T he  a nc i e nt  Gr e e ks , a s  we l l  a s  M e s opot a mi a ns  a nd Egypt i a ns , de s i gne d t he i r  t owns  a s  t ool s  
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a bl e  t o or ga ni s e  s ymbi ot i c  e xc ha nge s  wi t h t he i r  e nvi r onme nt . Anc i e nt  T he r a , now Sa nt or i n, 
whi c h we  ha ve  c hos e n, f or me d pa r t  of  a  na t i ona l  i de nt i t y whos e  c os mogoni c  c e nt r e  wa s  De l phi , 
whi c h i n Ant i qui t y r e pr e s e nt e d t he  pi vot a l  poi nt  i n Gr e e k ur ba n pl a nni ng. De l phi  s upe r vi s e d t he  
pl a nni ng f or  s i t i ng ne w t owns . T hi s  c e nt r a l i s e d pl a nni ng e nt i t y, us i ng or a c l e s  a nd pl a c e d unde r  
t he  a e gi s  of  Apol l o, ma de  de c i s i ons  c onc e r ni ng t he  di s pa t c hi ng of  e xpe di t i ons  a nd c ont r ol l e d 
t he  gr owt h of  t he  ur ba n popul a t i on whi c h ot he r wi s e  woul d ha ve  l e d t o ove r c r owde d c i t i e s  a nd 
unc ont r ol l e d mi gr a t i on.  
3.2 Greek and Roman development of the “bioclimatic housing” concept  
In Gr e e c e , i t  wa s  a bove  a l l  t he  Ec onomi c s  by X e nophon ( bor n a r ound 340 BC)  t ha t  l e d t o t he  
bi r t h of  “ bi oc l i ma t i c  hous i ng” . He  s a w t he  ne e d t o or i e nt  bui l di ngs  a nd ma ke  na t ur e  a nd l a nd 
be nd t o pr oduc t i on r e qui r e me nt s  whi l e  c ont i nui ng t o r e s pe c t  t he i r  na t ur a l  c ha r a c t e r i s t i c s  a nd 
pot e nt i a l . Ar ound 350 BC, Ar i s t ot l e  ma de  a  numbe r  of  obs e r va t i ons  c onc e r ni ng t he  r e l a t i on be -
t we e n t he  he a l t hi ne s s  of  t he  a i r  a nd t he  pr e va i l i ng wi nds , r e c onc i l i ng t he  ne e d of  de f e nc e  a nd 
ha r mony wi t h na t ur e . One  of  t he  mos t  i mpor t a nt  t r e a t i s e s  by Hi ppoc r a t e s , T r e a t i s e  on a i r , wa t e r  
a nd pl a c e s , f or mul a t e d ba s i c  publ i c  hygi e ne  c onc e pt s  l i nke d t o t he  c hoi c e  of  whe r e  t o bui l d a nd 
ur ba n pl a nni ng:  “ t he r e  i s  a  ne e d t o or i e nt  s t r e e t s  a nd bui l di ngs  i n s uc h a  wa y a s  t o a voi d t he  
s umme r  s un a nd t a ke  a dva nt a ge  of  c ool i ng wi nds , t o bui l d a wa y f r om mos qui t o i nf e s t e d a r e a s  
a nd unhe a l t hy pl a c e s  a nd ha ve  s our c e s  of  c l e a n wa t e r ” . T hi s  be c a me  a  t own pl a nni ng s t a nda r d 
i n t he  c r e a t i on of  Gr e e k c i t i e s  a nd t he  s a me  pr i nc i pl e s  we r e  s ubs e que nt l y us e d by V i t r uvi us . 
T he s e  c ha r a c t e r i s t i c s  c ont i nue  t o r e ma i n s t r ongl y a nc hor e d i n i nnume r a bl e  e xa mpl e s  of  a nc i e nt  
a r c hi t e c t ur e  a nd i n t oda y’ s  t owns  a r ound t he  M e di t e r r a ne a n Se a . Gi ve n t ha t  t he y we r e  de s i gne d 
t o pr ovi de  a  ma xi mum l e ve l  of  c omf or t  i n a  wor l d wi t hout  f os s i l  f ue l s , t he y pr ovi de  e xa mpl e s  
of  c ompl e t e  ur ba n c ompl e xe s  ba s e d on ze r o e ne r gy bi oc l i ma t i c  ur ba n mor phol ogi e s . 
Pr i e ne  wa s  de ve l ope d i n W e s t e r n As i a  M i nor  i n 400 B.C. a s  a  ne w, e nt i r e l y He l l e ni s t i c  c i t y. At  
t he  c e nt r e  of  t he  c i t y gr i d a r e  t he  e xpe c t e d muni c i pa l  bui l di ngs  a nd t he  ma r ke t  pl a c e . T he  
s out he r n s e c t i on of  t he  c i t y wa s  de s i gne d f or  r e c r e a t i ona l  a c t i vi t i e s , wi t h a  tadion, or  r a c e t r a c k, 
a nd a  gymnasion, a n ope n c our t  f or  s por t s . Re c e nt  e xc a va t i ons  ha ve  s hown t ha t  a l mos t  a l l  bui d-
i ngs  a t  Pr i e ne  we r e  t he  s a me , wi t h a l mos t  i de nt i c a l  pl a ns , s e c t i ons , a nd e l e va t i ons  a nd s i mi l a r  
or i e nt a t i on. T he  pl a ns  a nd a xonome t r i c s  s how t hi s  s i mpl e  s t r uc t ur e . Eve r y uni t  wa s  or ga ni s e d 
a r ound a  c our t ya r d. T he  bui l di ngs  t o t he  nor t h we r e  us e d f or  l i vi ng. T he  ma i n r oom ha d a  
s ha de d por c h f a c i ng s out h. 
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P r ie ne .  So ur c e : So p hia  a nd  Ste fa n B e hling,  So la r  P o we r ,  P r e ste l 
T he  c i t i ze ns  of  Sa nt or i n ha ve  t r a ns f or me d t he  f or c e s  of  na t ur e  i nt o gr oups  of  s ha pe s  de s i gne d t o 
de f e nd a nd pr ov i de  pr ot e c t i on. T he y ha ve  ma de  us e  of  t he  c l i ma t i c  s pe c i f i c i t i e s  of  t he i r  i s l a nd 
t o i ns ul a t e  t he i r  hous e s . On Sa nt or i n, e a c h hous e  i s  or i e nt e d t o t a ke  f ul l  a dva nt a ge  of  t he  wi nd. 
Al l  t owns , f r om Pi r gos  t o T he r a , f r om Empor e i on t o Ia , ma ke  us e  of  t he  pr e domi na nt  ons hor e  
wi nds , whi c h r un pa r a l l e l  wi t h t he  s t r e e t  ne t wor ks  i n t he  t owns  a nd pr ovi de  na t ur a l  ve nt i l a t i on. 
Ea c h hous e  us e s  t he  br e e ze  pr ovi de d t o ve nt i l a t e  i t s  r ooms  t hr ough a  ba s i c  s ys t e m of  ope ni ngs  
a nd/ or  c onne c t i ons  t o t he  s t r e e t s . In t he  Cyc l a de s , t he  s t r e e t  r e pr e s e nt s  t he  ma i n bi oc l i ma t i c  
e l e me nt  us e d by t he  hous e s . Al l  ne w bui l di ngs  bui l t  by t he  i s l a nde r s  a r e  de s i gne d t o a s s ur e  t he  
pa s s a ge  of  f r e s h a i r  a nd a voi d c r e a t i ng a ny phys i c a l  ba r r i e r s  t ha t  mi ght  bl oc k t he  wi nd.  
3.3 The sustainable town is a complete and organic bioclimatic unit: the example of Santorini, 
Greece 
T he  or ga ni c  f unc t i oni ng of  t he  t owns  on Sa nt or i n r e s ul t s  i n t he  c r e a t i on of  i nf or ma l l y s ha pe d 
bui l t  ma s s e s  t ha t  pr ovi de  a n unbr oke n c ont i nui t y be t we e n t he  hous e s . Ea c h hous i ng uni t  i s  or -
ga ni c a l l y c onne c t e d t o i t s  ne i ghbour s , r e s ul t i ng i n a n a i r  f i l t e r e d by t he  pr e c e di ng hous e s  be i ng 
i nt r oduc e d t o c i r c ul a t e  t hr ough t he  r ooms  a nd be yond. T he  f or ma l  c ons e que nc e  of  t hi s  bi oc l i -
ma t i c  or i e nt a t i on i s  t ha t  t he  ur ba n gr i d i s  gi ve n a  uni t a r y a ppe a r a nc e :  hous e s  i nt e r pe ne t r a t e  l i ke  
or ga ni c  c e l l s , c r e a t i ng a  de ns e , t i ght  f a br i c  a ma l ga ma t e d by i t s  own he t e r oge ne i t y. 
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Santorini, Greece  
T he  ur ba n l a yout  of  t he  t owns  on Sa nt or i n gi ve s  t he m t he  a ppe a r a nc e  of  be i ng a  s i ngl e  l a r ge  
s t r uc t ur e . T he  wi dt hs  of  t he  s t r e e t s  a r e  de s i gne d t o pr e ve nt  t he  wa l l s  of  t he  hous e s  f r om ove r -
he a t i ng dur i ng t he  s umme r . T he  c ont i nuous  hous e  e l e va t i ons  a c t  a s  wi nd t unne l s  a nd t he i r  c on-
f i gur a t i on, us i ng t he  V e nt ur i  e f f e c t , i nc r e a s e s  t he  s pe e d of  t he  ons hor e  wi nd a l ong t he  s t e e p 
s t r e e t s .  
As  i n ma ny ot he r  ol d M e di t e r r a ne a n c i t i e s , bi oc l i ma t i c  de s i gn unde r l i ne s  t he  c ons t r uc t i on of  t he  
ur ba n gr oupi ngs  on Sa nt or i n. T he  r e l a t i ons hi p be t we e n t he  ur ba n mor phol ogy a nd t he  s un, wi nd 
a nd t he  us e  of  l oc a l  ma t e r i a l s , t he  i nt e r a c t i on of  t he  hous e s  wi t h t he  gr ound a nd t he  ur ba n mor -
phol ogy r e s ul t s  f r om a n a t t e nt i ve  de s i gn a ppr oa c h t ha t  ha s  a l wa ys  be e n c l os e l y l i nke d t o l oc a l  
e nvi r onme nt a l  r e s our c e s . 
 
3.4 Conclusion: the sustainable bioclimatic town is naturally cooled without any energy cost. 
T he  hous e s  a r e  e qui ppe d wi t h unde r gr ound a i r  c ondi t i oni ng, a s  e a c h hous e  ha s  “ r oot s ”  i n t he  
ba s e me nt  f or me d by s ma l l  r ooms  dug out  of  t he  r oc k a nd e qui ppe d wi t h a  we l l  i n whi c h r a i n-
wa t e r  i s  s t or e d. T he s e  c a vi t i e s , whi c h c r e a t e  a n e nvi r onme nt  whe r e  t he  t e mpe r a t ur e  r e ma i ns  
c ool  a nd c ons t a nt  t hr oughout  t he  ye a r , ha ve  c onne c t i ng pa s s a ge wa ys  l e a di ng t o t he  hous e ’ s  up-
pe r  l e ve l s . T he  hi ghe r  t e mpe r a t ur e  of  t he  r ooms  r e s ul t i ng f r om t he  da i l y s unl i ght  s e t s  a n i nt e r na l  
ve nt i l a t i on l e ve l  t ha nks  t o e xc ha nge s  wi t h t he  a i r  c ur r e nt s  pr ovi de d f r om t he  unde r gr ound 
c ha mbe r s . 
T he  c ool i ng i s  ba s e d on t hr e e  phys i c a l  l a ws :  
- t he  na t ur a l  t he r ma l  i ne r t i a  a nd i ns ul a t i ng qua l i t y of  t he  r oc k, 
- t he  he a t  e xc ha nge  be t we e n wa t e r  a nd a i r , 
- t he  s l ow e ndot he r mi c  e va por a t i on of  t he  wa t e r . 
T hi s  pr oc e s s  i s  a bl e  t o ma i nt a i n t he  t e mpe r a t ur e  of  t he  e nvi r onme nt  a nd t he  a i r  a t  a  s a t i s f a c t or y 
l e ve l  t hr oughout  mos t  of  t he  ye a r  wi t hout  a ny e ne r gy c os t :  dur i ng t he  wi nt e r , t he  hi gh t he r ma l  
i ne r t i a  of  t he  t hi c k wa l l s  r e t a i ns  t he  he a t  whi l e , i n t he  s umme r , i t  c ool s  t he  r ooms . T hi s  phe -
nome non i s  f a c i l i t a t e d by t he  na t ur a l  move me nt  of  t he  a i r  i ns i de  t he  hous e . 
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Th er mal  mass i n  ver n acu l ar  M ed i t er r an ean  ar ch i t ect u r e,  M yko n o s,  P ar ap o r t i an i  Ch u r ch ,  Gr eece.   
In ha r mony wi t h M e di t e r r a ne a n t r a di t i ons , t he  e xt e r na l  s ki n of  t he  bui l di ngs  a l s o ha s  a n i nf l u-
e nc e  on t he  c l i ma t e  of  t he  r ooms  i n t he  hous e . T he  i nt e r a c t i on of  a  mi xt ur e  of  mud a nd s t r a w 
ha s  a  ve r y good t he r ma l  c oe f f i c i e nt  a nd t he  na t ur a l  ve r y pa l e  c ol our s  f or m a  s or t  of  s ki n t ha t  
pr ot e c t s  t he  a r c hi t e c t ur e  f r om e xt r e me l y hi gh a nd l ow t e mpe r a t ur e s .  
 
3.5 Traditional vernacular city versus high rise 
Ar e  ne w Hi gh Ri s e  Sus t a i na bl e  i n t he  M e di t e r r a ne a n Re gi on?  
 
T he  r e c e nt  ye a r s  ha ve  s e e n t he  mul t i pl i c a t i on of  Duba i  s t yl e  t owe r s  i n t he  s out he r n pa r t  of  
t he  M e di t e r r a ne a n Se a . T he  c l a i m t ha t  t he  t owe r s  a r e  ve r t i c a l  s t r e e t s  ne e ds  t o be  qua l i f i e d. 
St r e e t s  of f e r  s hops , ope n s pa c e s  a nd pl a c e s  f or  me e t i ng, s t r ol l i ng a nd r e l a xi ng. In ve r y t a l l  t ow-
e r s , e l e va t or s  a r e  ne e de d t o t a ke  pe opl e  f r om one  pl a c e  t o a not he r . Ci r c ul a t i on i n s uc h a  c ont e xt  
ne c e s s a r i l y i nvol ve s  a  de s t i na t i on – a  be gi nni ng a nd a n e nd – whi c h l e a ve s  l i t t l e  r oom f or  t he  
c ha ngi ng pa c e s , move me nt s  a nd s pur  of  t he  mome nt  s hi f t s  i n di r e c t i on t ha t  c ha r a c t e r i ze  huma n 
c i r c ul a t i on. St r e e t s  a r e  pl a c e s  of  me e t i ng a nd e xc ha nge . T he y a r e  publ i c  s pa c e s . El e va t or s  a r e  
not . In a ddi t i on, e l e va t or s  a r e  a  me c ha ni c a l  mode  of  t r a ns por t a t i on t ha t  c ons ume s  a  l ot  of  e n-
e r gy, c l os e r  t o mot or  ve hi c l e  t r a ns por t a t i on t ha n t o ot he r  f or ms . In our  opi ni on, due  t o t he  e n-
e r gy c os t  of  c r e a t i ng gr e e n s pa c e s  i n t owe r s , de s i gni ng e c ol ogi c a l  t owe r s  t ha t  of f e r  t he  a dva n-
t a ge s  of  t he  s t r e e t  i s  unf e a s i bl e . 
In a c t ua l  f a c t , t he s e  t owe r s  do not  r e pl a c e  t he  s t r e e t s  but  r a t he r  gr oups  of  ur ba n bl oc ks  c om-
pr i s i ng ma ny s t r e e t s . T he  a na l ys i s  c a n a nd mus t  be  c onduc t e d c ompa r i ng t owe r s  t o t he  ur ba n 
f a br i c s  t ha t  t he y r e pl a c e . For  t hi s  pur pos e , i t  i s  i nt e r e s t i ng t o c ompa r e  4 Cor bus i a n t owe r s  
pl a c e d on a  s qua r e  of  800 me t e r s  be t we e n a xe s  a nd t he  c e nt e r  of  T ur i n c or r e s pondi ng t o t he  
l a yout  of  t he  Roma n c i t y c ove r i ng 710 by 770 me t e r s . 
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 Compa r i s on be t we e n t he  ur ba n f a br i c  of  t he  Roma n c i t y c ompr i s i ng 74 bl oc ks  a nd t he  ur ba n 
f a br i c  of  Ra di a nt  Ci t y c ompr i s i ng onl y 4 t owe r s  on t he  s a me  s c a l e .  
 
On t he  l e f t , a  di s t r i c t  of  T ur i n pr e s e nt s  a  de ve l opme nt  mode l  ma de  up of  s qua r e  bl oc ks  wi t h 
s pa c i ous  i nt e r i or  c our t ya r ds  ( s ome  bui l t  up)  a nd a  hi e r a r c hy of  di f f e r e nt  s t r e e t s  a nd pl a za s , a l l  
of  whi c h c r e a t e s  a  f a br i c  i nf or me d by a  s c he me  but  a l s o e ndowe d wi t h c ompl e xi t y a nd di ve r -
s i t y. In c ont r a s t , on t he  r i ght , t he  Ra di a nt  Ci t y, on t he  s a me  s c a l e , c ons i s t s  i n a  c l e a n s l a t e  a nd a  
s i ngl e  s c ul pt ur a l  obj e c t  t ha t  ha s  no c onne c t i on t o i t s  e nvi r onme nt .  
 
In T ur i n, ne a r l y a l l  t he  gr ound f l oor s  a r e  oc c upi e d by s hops  a nd t he  l i ne a r  l e ngt h of  t he  f a -
ç a de s  f a c i ng t he  s t r e e t  i s  s i gni f i c a nt :  ne a r l y 30 km i n t he  s qua r e  of  800 me t e r s  be i ng s t udi e d a s  
a ga i ns t  0 i n t he  Cor bus i a n di s t r i c t . T he  l i ne a r  l e ngt h of  f a ç a de s  f a c i ng t he  c our t ya r ds  i s  a l s o 
qui t e  s i gni f i c a nt :  16 ki l ome t e r s  a s  a ga i ns t  0 i n t he  Ra di a nt  Ci t y. T he  s t r e e t  i n T ur i n i s  a  pl a c e  of  
i nt e ns i ve  e xc ha nge , c omme r c e  a nd huma n a c t i vi t y. In a  na t ur a l  wa y, t hi s  t ype  of  s t r e e t  l i f e  c r e -
a t e s  s oc i a l  bonds  t ha t  c ont r i but e  t o a  be t t e r  qua l i t y of  l i f e , unl i ke  mode r ni s t  f or ms  t ha t  de hu-
ma ni ze  s t r e e t s , e l i mi na t i ng t he  huma n f a c t or  a nd gi vi ng pr i de  of  pl a c e  t o c a r s . Cour t ya r ds  a r e  
s e mi -pr i va t e , ope n s pa c e s  t ha t  a r e  r e a s s ur i ng by t he i r  huma n s c a l e  a nd t ha t  l e nd t he ms e l ve s  t o 
i nt e r a c t i ons  be t we e n r e s i de nt s  – e xa c t l y t he  oppos i t e  of  t he  ove r s i ze d a nd di s qui e t i ng e mpt y 
s pa c e s  i n t he  Ra di a nt  Ci t y f r om whi c h c our t ya r ds  ha ve  be e n e l i mi na t e d. T opol ogi c a l l y, Cor -
bus i a n s t r e e t s  a r e  a  s e r i e s  of  de a d-e nds  wi t hout  t he  s l i ght e s t  huma n i nt e r f a c e . An e xt r e me l y r i c h 
mode l , a r c hi t e c t ur a l l y a nd s oc i a l l y, wa s  r e pl a c e d by a  monot onous  or ga ni za t i on t ha t  br e a ks  
down s oc i a l  bonds . 
 
4 CONCLUSION 
T hi s  a na l ys i s  a i m a t  e nc our a gi ng ne w r e s e a r c he s  a nd qua nt i t a t i ve  e va l ua t i ons  t o i nve nt  ne w 
ur ba n f or ms  a s  s us t a i na bl e  a s  t he  ol d me di na , but  s ui t e d t o t he  mode r n wa y of  l i f e  a nd whi c h 
c a n c ope  wi t h t he  100 bi l l i ons  ne w i nha bi t a nt s  i n t he  M e di t e r r a ne a n a r e a . 
Gi ve n t he  ur ge nt  ne e d t o r e duc e  r e s our c e  c ons umpt i on a nd t o hous e  a  gr owi ng numbe r  of  
pe opl e  i n t he  wor l d’ s  c i t i e s , a dopt i ng ur ba n de ve l opme nt  a nd pl a nni ng s t r a t e gi e s  be c ome s  c r u-
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c i a l . T he y mus t  t a ke  i nt o a c c ount  t he  dr a wba c ks  of  pr i va t e  c a r s :  not  e ve r yone  c a n a f f or d t he m;  
t he y c ons ume  ma j or  s ha r e s  of  ur ba n s pa c e , pol l ut e  di r e c t l y a nd i ndi r e c t l y, a nd t e nd t o e xc l ude  
ot he r  t r a ns por t  me a ns . T he  ke ywor ds  r e ma i n de ns i t y, mi xe d us a ge , a nd s obe r  e ne r gy us e  
t hr ough pa s s i ve  bui l di ng de s i gn. W e  ha ve  s hown t he  t ool s  a va i l a bl e  f or  c ompa r i ng a nd me a s ur -
i ng t he s e  c r i t e r i a  i n c i t i e s . It  now be c ome s  vi t a l  t o de ve l op t he  c i t y i ns i de  t he  c i t y or  a s  a n e x-
t e ns i on of  t he  ur ba n f a br i c  – pr ovi di ng s pa c e s  f or  a l l  ki nds  of  a c t i vi t i e s  a nd a l l  r e s i de nt s , a nd 
t hi nki ng a bout  c onne c t i ng t he s e  s pa c e s  f r om t he  out s e t . Al l  pa r t i c i pa nt s  a nd a l l  a s pe c t s  of  ur ba n 
l i f e  mus t  be  a s s e s s e d a s  a  whol e , be f or e  s t a r t i ng t o bui l d—  t o i nt e gr a t e  f or ms  a nd f l ows , s o e n-
s ur i ng t ha t  c i t i e s  de ve l op a l ong a  ha r moni ous  a nd s us t a i na bl e  pa t h. 
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1 INTRODUCTION 
Considering the environmental assessment of building sustainability, rehabilitation of existing 
building stock presents significant benefits when compared to demolition or new construction 
options. Among these benefits, stands out the reduction of material’s embodied energy, resource 
consumption, pollutant emissions and waste production, as well as site preservation. 
The importance of existing building stock refurbishment, in Portuguese context, is signifi-
cant, where it was observed that the number of existing/built housing units exceeds the effective 
population housing needs (Bragança. 2007; INH/LNEC. 2006). However, according to Euro-
construct, in Portugal, the retrofitting/rehabilitation works represents about 8% of the total con-
struction market, while the average percentage for the retrofitting/rehabilitation operations in 
western Europe is 45% (Bragança. 2007). This observation strongly points out the urgent devel-
opment in this work field. 
Currently, the Portuguese housing stock consists mainly of buildings constructed over the 
past fifty years (76% of total households), with greater expression to those built in the decades 
of 1960, 1970 and 1980. In fact, the dwellings built from 1961 to 1980 represent 31% of the to-
tal of national existing households (INH/LNEC. 2006). In Europe, it is commonly observed that 
residential buildings from the second half of the 20th century present several repair needs, de-
manding intervention at a social, energetic, technological, environmental and constructive level 
(Giussani. 2007). In Portugal, 40% of the housing units built from 1961 to 1980, also present a 
diverse range of repair needs (INH/LNEC. 2006). 
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ABSTRACT: Renovation of existing building stock presents significant environmental benefits 
when compared to demolition or new construction, although it presents several constraints and 
structural specificities. In particular, public social housing – or affordable housing - is character-
ized by a common framework of very complex resolution. Some experiences were attempted 
challenging the theory of an apparent contradiction between the refurbishment of low cost hous-
ing blocks and the establishment of sustainable buildings/communities.  
The aim of the research is to suggest a system of regenerative strategies, identifying the major 
issues that impend on the transformation of low cost public housing neighborhoods into eco 
neighborhoods, and highlighting the need of working simultaneously on local ecosystem and 
community balance to guarantee a strong sustainability. In order to assess the proposed method-
ology, its opportunities and constraints, a theoretical approach was applied to a case study 
(Bento Jesus Caraça neighborhood, in Oeiras municipality).  
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Considering the surplus of available housing units, it is therefore an essential strategy of sus-
tainable development policy the possibility of integrating these buildings into closed loops of 
resources and materials, improving its performance through environmentally regenerative strat-
egies. However, the refurbishment of these existing buildings often presents several constraints, 
of technical, social and economic order, adding to these factors, constructive and structural spe-
cificities. In particular, public social housing – or affordable housing - is characterized by a 
common framework of very complex resolution, including socio-demographic, housing and ty-
pological organization questions (INH/LNEC. 2006).   
Public social housing typologies, built in Portugal, with great expression over the previously 
mentioned decades of 1960 to 1980, besides the obvious repair needs, show generally some of 
the following problems to be taken in consideration in rehabilitation works: 
 
1. Socio-economic and cultural uniformity. 
2. Existence of large families with similar age composition. 
3. High number of children and young people contrasting with isolated and aged households. 
4. Low levels of education and low socio-professional integration/employability. 
5. Weak accessibilities and isolation of the neighborhood, relatively to central urban areas. 
6. Predominance of residential function. 
7. Conflictive use of common or collective spaces, subject to divergent forms of occupancy. 
8. Building degradation and inadequate housing conditions. 
9. Inadequate flat size and spatial organization to the inhabitant’s occupation. 
10. Difficulty in implementing regular maintenance of the building, even after the comple-
tion of rehabilitation works. 
 
Adding to this already difficult framework, the lack of energetic and water efficiency of the 
buildings itself, and poor indoor air quality, worsen the low overall environmental performance 
of these housing units. 
On the other hand, high performance sustainable buildings and communities, like eco neigh-
borhoods, have been long conventionally related to high cost solutions for high class popula-
tion. However, some experiences were already attempted to challenge the theory of an apparent 
contradiction between the refurbishment of existing low cost housing blocks and the establish-
ment of high performance/sustainable neighborhood communities. Sustainable refurbishment of 
low income housing blocks was already put into practice at 20th Street Apartments (Santa 
Monica, USA), or at eco neighborhood scale in Augustenborg (Malmo, Sweden), while in Por-
tugal the building complex Ponte da Pedra proved the possibility of sustainable low cost hous-
ing development. 
2 SUSTAINABLE REFURBISHMENT STRATEGIES 
In building refurbishment, as in the design of new buildings, the implementation of an inte-
grated approach is more valuable than a prescriptive of fragmented approach (Lyle. 2004; CEA. 
2001).  Similarly, on the path of a strong sustainability, it is intended to achieve progressively 
restorative and regenerative built environments, co-evolving with nature (Reed. 2007). There-
fore integrated refurbishing strategies require an adjustment of the boundaries of the built sys-
tem concept (Cole. 2005).  
The perception of architectural intervention/rehabilitation at the level of context or place (in-
cluding site + building + community ), and not just the building itself, allows the expansion of 
the intervention opportunities, at the same promoting positive possible mutual influences on 
these three spheres (Figure 1). Several environmental and sustainability assessment methods are 
increasingly approaching this perception (Pinheiro. 2006). A methodological frame combining 
(site+building+community) was drawn upon LEED, LiderA, CASBEE and SBtool considering 
different criteria such as surface water, waste management, energy and transport, biodiversity, 
local employment, community development and welfare. 
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Figure 1. Context/Place built system concept: the building acts as interface between site and community. 
 
As part of the built system, the involvement of the population in the rehabilitation process is 
essential to guarantee the sustainability of the building retrofit work, promoting:  
a) Proper adjustment of the rehabilitation options to the tenant population needs. 
b) Participation and power sharing in decision-making and project process. 
c) A truthful understanding of the building/site operation and a greater commitment to con-
structive and environmental maintenance issues.  
3 CASE STUDY APPLICATION: BENTO JESUS CARAÇA NEIGHBORHOOD 
3.1 General description, building system and sustainability assessment 
Bento Jesus Caraça neighborhood, located in the municipality of Oeiras, is a building complex 
of affordable rental housing, built by local initiative, between 1972 and 1984. The neighborhood 
is located in a consolidated urban area with favored accessibility to Oeiras town center, and to 
Lisboa-Cascais highway. The area is characterized by the predominance of residential function. 
The housing complex is composed of 2 buildings of Type 1 (Tp1), 3 buildings of Type 2 
(Tp2) and 1 building of Type 3 (Tp3). In 2003, a survey was conducted on the degradation 
problems already found in these buildings (Mesquita. 2003). Regarding building systems and 
materials, it is possible to observe a transition, through the buildings chronology, from structural 
load-bearing walls of masonry (Tp1 buildings) to reticulated structure of reinforced concrete 
(Tp2 and Tp3 buildings).  
It was also registered that Tp2 and Tp3 buildings have considerably more problems than Tp1 
buildings, which can be attributed to a decrease in construction quality. While the degradation 
problems identified in Tp1 buildings are located on secondary elements such as coatings and 
finishes, Tp2 and Tp3 buildings show diverse levels of degradation on primary structural ele-
ments, despite the fact that they are built after Tp1 buildings.   
Considering the life cycle of the buildings, the main indirect causes of the observed degrada-
tion problems may be assigned, to errors at project conception (40%) and building execution 
(35%) stages (Mesquita. 2003). Regarding building degradation direct causes, moisture prob-
lems are common to all buildings, manifesting particularly in the form of:  
• Branched cracking and efflorescence on the interior coating of exterior walls;  
• Patches of mold on the indoor surface of exterior walls. 
The building elements most affected by degradation are: exterior walls, due to the action of 
humidity and shrinkage of the coating materials; windows and other exterior secondary ele-
ments, due to lack of regular maintenance, inadequate building solutions or inadequate materi-
als. On Tp1 and Tp2 buildings, there are also effects of moisture condensation at the ceil-
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ings/slabs (Figure 2). 
 
 
Figure 2. Degradation problems: (a) branched cracking and efflorescence, (b) concrete balconies degra-
dation, and (c) ceiling condensation mold. 
 
Between 2003 and 2009, the building complex had some repair works, including exterior 
wall painting, yet such action was less a building renovation than an upgrade of exterior spaces 
and amenities. In the first quarter of 2008, the neighborhood was covered by a municipality stra-
tegic plan designated by "Áreas Plano"; which included the improvement of urban infrastruc-
tures and green spaces, and the installation of a playground. This action had as guideline the 
promotion of the neighborhood’s sustainability, providing green areas with native species and 
water saving irrigation systems, and increasing the proximity to solid waste and recycle bins 
(CMO. 2008). 
3.2 Sustainable strategies and priorities definition 
Improved public space and urban cohesion are referred as a vital strategy in the promotion of 
the quality of life in recent housing areas (INH/LNEC. 2006). In this neighborhood, public 
space presented reasonable conditions although some sustainability enhancements may be re-
quired. Priorities were directed preferentially to the buildings overall repair, since indoor degra-
dation problems presented severe health and wellbeing consequences to the dwelling commu-
nity.  
Considering the buildings environmental assessment, the following related problems were 
highlighted on preliminary diagnosis sketch (Figure 3):  
• Poor quality of materials and poor execution/selection of building systems.  
• Low energy performance, and poor indoor air quality and comfort.  
• Inadequate size flats and dwellings over-occupation.  
 
 
Figure 3. Priorities definition: preliminary diagnosis sketch. 
 
Most of the identified building degradation problems, associated with moisture/surface conden-
sations, have their cause on the combination of the factors described. So, regarding the buildings 
sustainability and bioclimatic performance, were addressed the following priority areas:  
• Inadequate thermal and acoustic insulation of the buildings envelope.  
• Existence of thermal bridges.  
Inadequate size flats 
and dwellings over-
occupation
Condensations
Poor indoor air quality
natural ventilation hygrothermal comfort daylight and visual qualities
Building materials, systems and solutions / Low energy performance 
Indoor comfort and
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• Lack of vapor barriers, on walls and on roofs.  
• Natural lighting and ventilation poor conditions due to window downsizing.  
• Unfavorable conditions for senior citizens or disabled people, particularly in Tp2 build-
ings. 
 
Considering the whole built system sustainable refurbishment, further intervention criteria 
were highlighted on (site+building+community) methodological frame. Opportunities and con-
straints most relevant to the case study were selected as briefly shown on Table 1. 
 
Table 1. Intervention criteria (site+building+community) methodological frame. 
Area  Intervention criteria 
Site   
soil  + location in urban area,  with built infrastructures availability 
 - soil infiltration capacity or replacement high potential of the surrounding area 
settlement - buildings with favourable solar exposure 
 + buildings with favourable wind exposure 
 + urban landscape integration 
surroundings - accessibility to public and alternative transportation 
 + availability of public green areas 
 + reintroduction of vegetation native species and local biodiversity 
 - integration of regenerative local processes 
Building   
energy - existing building with integrated passive solar strategies 
 + envelope and indoor thermal mass increase possibility 
 + thermal bridges insulation possibility 
 + available roof and wall area for solar active or other renewable energy 
 + introduction of efficient lighting and electric equipment prospects 
water + rainwater catchment system for non-potable water reuse possibility 
 + introduction of flow reducers and water efficient equipment prospects 
 - wastewater reuse and recycle conditions 
materials + buildings structural and non-structural degradation problems repair  
 + high percentage of building reuse 
 - high recycled content of  refurbishment materials 
 + storage and collection of recyclable materials 
 - deconstruction systems and components 
 + re-use and recycle construction and demolition wastes 
 - renewable materials usage 
comfort - availability of  high ceilings and/or  room for comfort maintenance infrastructure 
 - air volume and floor space ratios per tenant  
 + natural lighting and ventilation potential accessibility 
 - south facing windows and solar gain area availability 
 + prospect of operable window and louvers supply to all rooms  
 - exterior accessibility for passive solar vegetation or kitchen gardens 
Community   
value + buildings’ social significance to the community 
 - building’s aesthetic and architectural relevancy  
 + economic, cultural and social improvements derived from refurbishment 
 + multigenerational and multicultural population 
use - mixed use urban area or within walking distance 
 - flat size and functional settings adequacy 
 - buildings’ and site potential to universal accessibility 
operation + operation and maintenance information supply 
 + sustainable behaviour and consumption promotion prospect 
 - local food production and organic waste composting conditions 
+ Opportunities; - Constraints 
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3.3 Refurbishment proposal 
Among the most effective strategies for sustainable repair are regular maintenance, preventive 
strategies and corrective intervention, acting on causes rather than on building degradation ef-
fects (Appleton. 2003).  Examples of these strategies are windows adjustment in order to pro-
mote natural ventilation, or the extension of eaves or overhangs to prevent walls from direct ex-
posure to rain water, thus providing long durability sustainable performance. 
The typological/functional adjustment of the flats is also a possibility to consider when work-
ing on existing affordable housing. This strategy promotes mixed uses and social diversification 
(multigenerational, multicultural and multisocial communities), along with improvements re-
garding indoor comfort and thermal performance of the building. Considering these observa-
tions, the following measures were suggested for sustainable rehabilitation of Tp2 buildings: 
 
1. Exterior wall insulation, with ETICS system, and introduction of vapor barrier - in order to 
avoid thermal bridging and moisture infiltration. 
2. Functional and spatial rearrangement of flats, to ensure natural ventilation and prevent 
damp condensations, improving indoor air quality. 
3. Re-use and recycle C&D wastes, resulting from refurbishment work, particularly plaster in 
the formation of new mortar. 
4. Window revision and addition of louvers to promote natural lighting and air ventilation in-
doors. 
5. Walls and ceilings coatings repair, with no-voc painting finish. 
6. Repair and replacement of degraded window frames and metal elements. 
7. Passive or mechanical ventilation systems, in kitchens and bathrooms. 
8. Network repair, particularly electricity and water, with introduction of more efficient 
equipment and flow reducers. 
9. Installation of solar water heating system, with solar thermal collectors on roof. 
10. Rainwater catchment system for non-potable water reuse. 
11. Installation of double facade structural system, allowing solar gains and additional liv-
ing space. 
12. Installation of vertical shading elements, on the West facade, ideally integrating PV pa-
nels for microgeneration and/or deciduous vegetation to provide shadow, particularly during 
summer period. 
3.4 Opportunities and constraints of the case study 
The location of Bento Jesus Caraça neighborhood had brought this housing complex into a posi-
tive social dynamic, avoiding the segregation symptoms of other affordable rental housing in 
more peripheral areas. However, mobility and transportation issues demand a wider interven-
tion, requiring a distribution of jobs, shops and public facilities within walking distance. 
The implementation of a set of sustainable refurbishment actions could contribute positively 
to the quality of life and comfort of the population, allowing families to effectively reduce the 
economic costs associated with water and energy. Moreover, this refurbishment could also act 
as a catalyst for the community awareness regarding consumption patterns and site’s ecology, as 
well as to promote other positive changes in the neighborhood surrounding area.  
Energy and water eco-efficiency payback should be clearly put in evidence, as well as the 
improvements in indoor air quality and comfort, in order to gather the attention of the communi-
ties and municipality and obtain complementary funding.  
Regarding the refurbishment constraints, funding depends almost exclusively on municipality 
initiative, with possible contributions of the central government, therefore the feasibility of ef-
fective refurbishment potential remains very limited. As partial solution to this question some 
possibilities may occur: 
 
• Raising funds through neighborhood committees. 
• Development of particular building stages with the help of the tenant population. 
• Allocation of vacant flats into the real estate market in return for municipal investment.  
• Sponsorship from building materials/systems producers and contractors. 
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• And presently, applying for specific programs such as Eco-bairros, promoted by CCDR-
LVT (Comissão de Coordenação e Desenvolvimento Regional de Lisboa e Vale do Tejo).  
 
On the other hand, the possible demand for huge changes in flats size and organization, as 
well as exterior appearance of the buildings, may raise authorship questions, as extremely recent 
projects are being analyzed. The promotion of charrettes or workshops with all the stakeholders 
may provide solutions to the mentioned questions, as well as achieve better de-
sign/refurbishment options to the resident population. 
Further investigation on cost-benefit analysis will be needed in order to establish a more ac-
curate prioritization of possible refurbishment actions, and to gather data to and from commu-
nity participation sessions.  
4 DISCUSSION AND CONCLUSIONS 
Sustainable refurbishment of affordable rental housing requires simultaneous social, economic 
and cultural management, being this combination essential to the success of all interventions 
(CMO. 2006; INH/LNEC. 2006). From this point of view, the proposed methodology allows the 
balanced treatment of the various components of place/context, contributing to the overall sus-
tainability of the refurbishment action.  
Affordable rental housing, built from 1950, in Portugal, presents technical, social and eco-
nomic constraints, adding to these factors building degradation problems and structural speci-
ficities. To its sustainable renovation is essential an integrated strategy, supported by rigorous 
surveys and community participation, as well as fund raising and technical resources to its exe-
cution.  
Regarding sustainable refurbishment of affordable housing built from 1950 to the present 
day, we are not facing so much technical impossibilities to achieve an environmentally sustain-
able built system, but rather social, legal and economic constraints. Some of these issues regard 
essential questions to this theme: funding, community participation and commitment, and au-
thorship questions.  
However, sustainable refurbishment of these neighborhoods is feasible, considering the re-
quests and possible solutions in each case, highlighting durability throughout the buildings life 
cycle. Considering the number of families dwelling in affordable housing, especially in large 
metropolitan areas, the development of specific studies and research on the sustainability of 
these housing typologies, reveals to be of utmost importance, taking into account its positive 
impact on the building segment and on global urban environment. 
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ABST RAC T :  T he  c onst r uct i on i ndus tr y, whe r e  bui ldi ng s e c t or  i s  i ncl uded, c ons ume s  50%  of  the 
na t ur a l  r e s our ce s , 40%  of  the  e ne r gy a nd i s  r e sponsi bl e  of  50%  of  t he  t ot al  wa s te s  ge ne r at e d in 
Spa i n. T o re a ch t he  re qui r ed ha bit a bi li t y s t a nda rds  we a r e  c ons umi ng mor e  ma t e r i al s  tha n e ve r. 
T hi s  bi g vol ume  of  ma t e r ial s  pr oduce s  a  bi g i mpa c t  i n t he  e nvi r onme nt  i n al l t he  li f e c yc l e  of  t he 
ma t e r i al s , f r om c ra dle  to gr a ve . But  t her e a re  phys ic al  li mi t s  i n na t ur al  pr oduction of r equir e d 
r e s our ce s  a s  wel l  as  i n t he f i nal  si nks  ( a ir , wa te r  a nd s oi l) . Re qui re d c ons tr uct ion ma t e r i al s  i n 
bui ldi ngs  a re  s ubj e ct  t o t he s e  phys i c al  li mi t s  whi c h ar e  gr a dua ll y c l os er t o s at ura ti on. 
Cons tr uct i on ma t e ri al s  ma na ge me nt  i n t he  bui ldi ng s ec t or  i s  a  ke y poi nt  i n or der  t o pr es e r ve  t he 
e nvi r onme nt .  
T he fi nal  obj e ct i ve  of t hi s  pa pe r i s  t o de fi ne  a  gl obal  s t ra t e gy i n t he  use  of  buil di ng ma t e r i al s  t o 
r e duce  t he  e nvi ronme nt a l  impa c t  of  t he  bui l di ng s e ct or . T his  pa pe r  wil l f ocus  on the  de ve l opme nt 
of  a  me t hodol ogy of  wor k t o a na l ys e  t he  mo ve me nt  of  bui l di ng ma t e r i al s  bet we e n the 
e nvi r onme nt  a nd t he  a nt hropos pher e , t a ki ng a s  a  ba si s  the  re c e nt l y de ve l ope d me t hodol ogy of  
“ M at e ri al  Fl ow Ana l ys i s”  ( M FA) . M FA i s  a  s ys t e ma t i c  a s se s s me nt  of  t he  fl ows  a nd st oc k of 
ma t e r i al s  wi t hi n a  s ys t e m de f ine d i n s pac e  a nd ti me . It  c onne c ts  t he s our c es , t he pa thwa ys , a nd 
t he  i nte r me di at e  and fi nal  si nks  of  a ma t e r ia l . Be c a us e of  the  l a w of t he  c ons er va t i on of  ma t te r, 
t he  r es ult s  of  an M FA c an be  c ont roll e d by a  s i mp l e  ma t e r ia l  bal a nce  c ompa r i ng a l l  inputs , 
s t oc ks , a nd out put s  of  a  proc e s s.  T hi s  me t hodology a l lows  ge t t ing i ndi c at or s  for  r e duc i ng t he 
e nvi r onme nt al  i mpa c t s  of  t he  bui l di ng s e ct or  a nd c he c k out  t he  poi nt s  wher e  it  i s  pos si ble  to 
r e duce  the  ma t e ri al  re quir eme nt . T he  a nal ys i s  i s  f oc us e d on t he  f low of  ma t er i al s  for  buil di ng 
s e c tor  i n the  r e gi on of  Ll ei da  f or t he  hi ghl y pr oduc ti ve  pe r iod fr om 2000 t o 2008.  
Re s ult s  show t hat  bui ldi ng s e c tor  ha s  to r ea c h a  s ta ti ona r y f l ow mode l  by de c re a sing of  t he  input 
f l ows  thr ough t he  re duct ion of  t he  t ot al  ma t e r i al  c ons umpt i on, t he  l ow i ncr e as e of  t he  e xis ti ng 
bui ldi ng st oc k a nd the  de cre a s e of t he  out put  f lows  ( wa s t es  t o t he s oi l , wat e r a nd a i r) . T hi s mode l 
s hould be  a c hi e ve d ta ki ng me a s ur e s  f r om t he  be gi nning of  t he c hai n. Contr oll ing t he  ma t e r ia ls 
f l ows  t hr ough t he t ot al  s ys te m i s  mor e  e f fi ci e nt  t ha n se pa ra ti ng ma na ge me nt  of  wa s t es  fr om t he 
ma na ge me nt  of  pr oduc ti on s uppl y a nd c ons umpt i on. M a ki ng of  Ll e i da  a  l oc al l y s e l f -s uf fi ci e nt 
r e gi on a ll ows  c ontr oll ing t he  t ota l  fl ow of  ma t e ri al s  fr om c r a dle  t o gr a ve  a nd a c hi evi ng me a s ur e s 
t o re duci ng t he  e nvi r onme nt a l  i mpa c t s  of  t he  buil di ng se c t or .  
1   ENV IRONM ENT AL IM PACT S OF T HE BUILD ING SECT OR & PHYS IC AL L IM IT S  
T he c ons tr uct i on indust r y, whe r e  t he buil di ng s e ct or is  i nc l ude d, c ons ume s  50% of  t he  na tur al 
r e s our ce s , 40%  of  t he  e ne rgy a nd i s  r e sponsi ble  of  50%  of  t he  tot al  wa st e s  ge ne r at e d in Spa in 
( Ar e na s  2007) . T he e nergy de ma nd i s  l i nke d t o t he a ct i vit y of  t he  c ons t r uc ti on s e ct or . 
Cons i de r a bl e a mount  of  ene r gy i s  s pe nt in the  ma nuf a ct uri ng pr oc e ss e s a nd tr a ns port a ti on of 
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bui ldi ng ma t e ri a ls . Cons er va t i on of e ner gy be c ome s  i mpor t a nt  in the  c onte xt  of  l i mi ti ng 
gr e e nhouse  ga s e s e mi s si ons  i nt o t he  at mos phe r e a nd r e duci ng c os t s of ma t e ri al s. T he  buil di ng 
s e c tor  i s  r e s ponsi ble  of  one  t hir d of  t he  t ot al  e mi s si ons  t hat  a re  at tr i but e d t o Spa i n, a c c ount ing t he 
t ota l  e mi s si ons  of  gr e e nhous e  ga s e s  pr oduce d by a l l t he  a ct i vit ie s  us ed f or  bui l di ng pl us  t he 
e ne r gy c ons ume d duri ng the  us ef ul  per i od of  t he bui l di ng ( Cuc hí  & Pa gè s  2007) . Al l  ga s 
e mi s s i ons produce d by the  ma nuf a ct uri ng proc e sse s  of  t he  c onst ruc ti on ma t er i al s , ei t her 
ge ne r a te d i n Ll ei da  or  in ot her  c ount ri es , a ff ec t  al l  Ear th. T her e for e , e ve r y ga s  e mi s s i on 
ge ne r a te d t o pr oduc e c ons tr uc ti on ma t e ri al s  f or bui l ding i n Ll e ida  s houl d be  a cc ounte d i n t he 
Ll e ida  t ota l e mi s s ions , e ve n whe n ma t e ri a ls  ar e impor t e d, ma ki ng r e s ponsibl e  of  t he ga s 
e mi s s i ons  t o t he  c ount r y whi c h us e s  t he ma t e r ia l  a nd not  onl y t he  one  whi ch produc e s  i t . 
T he c ur re nt buil di ng s e ct or i s e xce e di ngl y i ne ff ic ie nt . In or de r  to re a c h the  r e qui re d ha bit a bi li t y 
s t a nda r ds  we  a re  c onsumi ng mor e  ma t e r ia ls  a nd usi ng mor e  na t ur al  r es ourc es  t ha n i n other 
pr e vi ous  pe ri od. T he  e vol ut i on of  t he  c ons tr uct ion i ndus t r y -gr owi ng or  de c re a sing- i s  l i nke d t o 
t he  e c onomy of  t he  s t at e . In Spa i n, a bout  75%  of  t he  t ota l  fl ow of  ma t e ri a ls  i s  linke d di r e ct l y or 
i ndir e ctl y t o t he  c onst r uc tion s e c tor . 90%  of  r a w e xt ra c t ed ma t e r i al s  in Ca t al onia  a r e  mi ne r al s . 
Fr om t hi s  a mount , 94%  are  us e d i n t he  c ons tr uct ion s e c tor  ( Se ndr a  2008) . T hi s bi g vol ume  of  
ma t e r i al s  pr oduce s  a  bi g i mpa c t  i n the  e nvi ronme nt  i n a l l  t he  l if e  c yc le  of  t he  ma te r ia l s:  fr om t he 
e xt ra ct i on of  r a w ma t e ri al s , t he  ma nuf ac t ur i ng a nd t he t r ans por t  of  const r uc ti on ma t e r i al s , t o t he 
e xe c ut i on of  bui l di ngs , t he  us e  pha se  of  t he  buil di ngs  a nd t he  fi nal  dis posa l  at  t he  e nd of  li f e  of 
t he  bui ldi ng wi th it s  de mol it i on ( Are na s  2007) .  
T her e  ar e  phys i ca l  l i mi t s  in na t ura l  pr oduct ion of  re qui r e d r e s our ce s  a s  wel l  as  i n t he  fi nal  s i nks 
( a ir , wa te r  a nd e a rt h). Re qui r ed c onst ruc ti on ma t e ri als  i n buil di ngs  a r e  s ubj ec t  to t he se  phys i c al  
l i mi t s  whi c h a re  gr a dual l y c l ose r  t o s a tur at ion. T he a ct ual  a cc e ss  to t he  ma t e ri al s r e s our ce s  a l so 
de pe nds  on ol d bi oge oc hemi c a l  c yc l e s . But  nowada ys , r es ourc e s  a r e  be ing us e d a t  a  pa c e  muc h 
f a st e r t ha n t he  product i on, a nd ar e  not  bei ng r e pl a ce d (Br unner  & Re c hbe r ge r  2004) .  
T he gr owt h of t he  bui l di ng s e ct or is  l i nke d t o popul a ti on a nd e c onomi c  gr owth. Is  t he r e  a  l i mit 
on t he  a re a  of  ne w c ons tr uct e d housi ng e ve r y ye a r ?  In  t he  l a st  de c ade s , the  bi g gr owt h i n housi ng 
ha s  not  c ons ide re d ne it her  t he  r ea l  nee d of  housi ng f or  t he  gr owi ng popul at i on nor  t he  phys i cal 
l i mi t s  of  t he  Ea rt h. T he  bui l di ng s e ct or ha s gr own bec a us e of e c onomi c  f a ct or s . T he  gr owt h of 
ma t e r i al  f lows  i s  cl os el y a s s oc ia t ed wi t h t he  e c onomi c  gr owt h. T he  e conomi c  pr ogr e s s  i s  def i ned 
i n a wa y t ha t c aus e s a n i nc re a se  i n t he ma t e ri al  tur nove r . It  is  i mpor t a nt  to de ve l op ne w 
e c onomi c  mode l s  t hat  de coupl e e c onomi c  gr owt h from ma t e r i al  gr owt h, t hus  pr omot i ng l ong-
t e r m we l fa r e wi thout a  c ons t a nt  i ncr e a se  i n re s our c e cons umpt i on ( Br unne r & Rec hbe r ge r 2004, 
M a rt í ne z - Al i e r  2008, Dal y 1991) .  
 
2  OBJ ECT IV ES 
T he  obj e c ti ve  of  thi s  pa per i s  t o a nal ys e  t he  f l ow of  ma t e r i al s  in t he  buil di ng s e c t or  of  Ll ei da , 
wi t h the  ai m of  unde r st a nding t he  ke y poi nt s  whe r e  t o a c t  i n or de r  t o ge t  a  mor e  e ff i ci e nt  ma t e ri a l 
s ys t e m f or  buil di ng s e ctor . T his  a na l ys is  pre t ends  t o ge t  i ndi c at or s  for r e duci ng t he 
e nvi r onme nt al  i mpa c t s  of  the  bui ldi ng s e c tor  a nd t o che c k out  t he  poi nt s  wher e  it  i s  pos si bl e  to 
r e duce  t he  ma t er i al  r e qui re me nt . The  f i na l  goal  is  to de fi ne a  gl oba l  s tr at e gy i n t he us e of 
bui ldi ng ma t e r ia l s.  
T hi s pa per  wi ll  f oc us  on the  de ve lopme nt  of  a me t hodol ogy t o ana l ys e t he  f l ows  of bui l di ng 
ma t e r i al s  bet we e n t he  e nvi r onme nt  a nd t he  a nt hr opos pher e , ta ki ng a s  a  ba si s  t he  r e ce ntl y 
de ve l ope d me t hodol ogy of  “ M at e ri al  Flow Ana l ys is ”  (M FA) . 
 
3  M ET HODOLOGY:  M AT ERIAL FLOW  ANALYS IS AS A T OOL FOR 
ENV IRONM ENT AL M ANAGEM ENT   
M FA i s a  s ys te ma t i c  a s se ss me nt  of  t he  f lows  a nd st oc k of  ma t e r ia ls  wit hin a  s ys t e m de fi ne d i n 
s pa c e  a nd t i me . It  c onne c ts t he  sourc e s , t he  pa t hwa ys , a nd t he  i nt er me di a te  a nd fi nal  s inks  of  a 
ma t e r i al . Be c a us e  of  t he  la w of  t he  c onse r va ti on of ma t t e r , t he  r es ult s  of  a n M FA c a n be 
c ontr oll e d by a  si mpl e  ma t e r ia l  ba la nce  c ompa ri ng a ll  inputs , st oc ks , a nd out put s  of  a proc e ss 
( e q. 1) . It  i s  t his  di st i nc t  cha r ac t er is ti c  of  M FA tha t  ma ke s  t he  me t hod a t tr a ct i ve  a s  a  de c is i on-
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s upport  t ool  in re s our c e ma na ge me nt , wa s t e ma na ge me nt , a nd e nvi r onme nta l  ma na ge me nt  
( Br unne r  & Re c hbe r ge r 2004, OECD 2008) .  Ma te r ia l Fl ow a c counti ng is  mo ve d by t he 
a s pir at i on to re la t e t he  us e  of  nat ur a l re s our c es  t o t he c a pa ci t y of  t he  e nvi r onme nt  to pr ovi de  t he 
ma t e r i al s  a nd a bs or b wa s te ma t e r ia l s ( Adr ia a nse  & Br i nge zu 1997) . T he  a na l ys is  is  foc use d on 
t he  f l ow of  ma t e ri al s  f or  the  buil di ng s e ct or  i n t he  ar e a  of  Ll e ida  f or  t he  pe ri od f r om 2000 t o 
2008.  
 ( 1)  
 
  Wh er e:  inputm &   is the material flows input, 
   outputm &  is the material flows output, 
   storagem &  is the material flows storage .  
 
4   SYST EM  D E FIN IT IO N  
4.1. System Boundary: space and time 
M a te ri a l  Fl ow Ana l ys is  s t ar t s  wit h t he  de fi ni ti on of  t he  s ys t e m. T he  s ys t e m c ompr i se s  the  fl ows 
of  ma t e ri al s i nvol ve d i n t he a nal ys i s a s i nputs  or  out put s  of  i t, t he pr oc e ss  and ac tivi t i e s , a nd t he 
a c c umul a ti on of  ma t e r i al s  a s  s t oc ks  wi t hi n a  de fi ned boundar y. T he  s ys t e m bounda r y i s  def i ned 
i n s pa ce  a nd ti me  ( Br unne r & Re c hbe r ge r  2004) . T he  s pa ti al  s ys t e m bounda r y i s  de t er mi ne d by 
t he  s c ope  of  t he  pr oj e c t. In  t hi s  a nal ys i s  it  c onsi st s  of  a  ge ogr a phi c a l  bor der  whi ch i s  t he  r e gi on 
of  Ll ei da. It  i s  a  wi de  t er ri tor y ( 12,167.7 km 2 )  wi t h a  low de ns it y of  i nha bi t ant s  (35 i nhab/ km 2  i n 
2008) . T he  a r e a  of  Ll ei da  is t he  e nvi ronme nt  whe r e  t he e c onomi c  pr oce s se s  ta ke  pl a c e. The re  i s  a 
s t r ong i nt er re la ti on bet we en t he  e c onomy a nd t he  envi r onme nt . 
T he  t e mpor al  s ys t e m bounda r y i s  one year . It  i s  c ons i der e d t hat  one ye a r  is  a  pe r iod of  ti me  
a ppr opr ia te  f or  ma ki ng a  b a l a nc e  of  t he  c onst ruc ti on ma t e r i al s  in a  re gi on ma i nly f or  r e as ons  of 
da t a a va il a bi li t y. A year  i s a l s o t he  uni t use d t o de te rmi ne  t he  us ing pe ri od of  a  bui ldi ng a nd the 
r e si de nc e  t i me  of  ma t e ri al s wi t hi n st oc ks . T he  a nal ys is  c onsi der s  a  per i od of s tudy f r om 2000 t o 
2008 whic h i s  s ubj e ct e d to t he  a va il a bi li t y of st a ti sti c al  dat a . T his  pe ri od of  t ime  c ompr i s e s  a 
ve r y hi gh pr oduc ti on pe ri od of bui l di ng i n Lle i da . T he  ma t e ri a l re qui r e me nt i s the  hi ghe st  of t he 
hi st or y. T he  ye a r  of  a na l ys i s  wil l  be  t he  mos t  r e pr es e nta ti ve  one  f r om a l l  the pe r i od, a s  an 
a ve r a ge  of  al l  t he  pe ri od. 
 
4.2. Determination of activities and processes 
T he  ma i n a ct i vit y i n t his  a na l ys i s  is  to inhabit , and i n a  mor e  pr e c is e l y wa y t he  habitability . T he 
habitability , fr om a n a r c hite c t ur al  poi nt  of  vi e w, i s  t he  pa r t  of  t hi s  dis c ipli ne  de di c at e d t o as s ure 
s ome  mi ni mu m c ondi t i ons  of  he al t h a nd c omf ort  i n the  buil di ngs . Es pe c ia ll y, t he ha bit a bi li t y i s 
oc c upi e d of  t he  hea t  and a cous ti c  i ns ul at i on, a nd of  t he  he al t h c ondi ti ons . The  ac ti vi t y to inhabit 
i ncl ude s  a ll  t he  buil di ngs  f or  hous i ng, t he  ne w c onst r uct e d one s  and t he  e xis ti ng one s . This 
a na l ys is  wil l f oc us  on t he r e qui re d ma t er i al s t o pr oduc e  ne w ha bit a bi li t y;  i t me a ns  t he  ne w 
c ons tr uct e d buil di ngs . 
 
4.3.  Selection of materials 
T he ma i n ma t e r i al s  us e d i n bui ldi ngs  f or  hous i ng a re  repr e se nte d i n T a bl e  1 ( Cuc hí 2005) . Due  t o 
t he  c ur re nt  me t hods  of  buil di ng, whi c h a r e  ba s e d i n c onc re te  s tr uct ure  a nd ce r ami c  wa l l s , t he 
mos t  us e d ma t e r i al s , i n we i ght  a nd vol ume , a r e  the  c ompone nt s  of  c oncr ete  f or  st r uc t ur e 
( a ggr e ga t e d s t one s , c e me nt , wa t er , a nd st ee l) , a nd ce r a mi c  a nd li me  f or  f aç a de s  a nd i nt er i or 
pa r tit i ons . Pre c as t  mor t ar  a nd c onc r et e  a r e a ls o hi ghl y r e qui r ed ma t e r ia ls  a nd, i n a s ma l l er 
me a s ur e , wood. T he  re st  of ma t e r i a ls  t ha t  for m a  bui l di ng a r e  us ed i n mi nor  vol ume . In  s pi t e  of 
r e pre s enti ng j us t  5%  of  t he  t ota l  wei ght , s ome  of  t he m, l i ke  a l umi ni um or  pl as ti c s, r e pre s e nt  ve r y 
hi gh e ne r gy c ons umpt i on and a re  e ve n mor e  e nvi r onme nt al  da ma gi ng t ha n t he  re st  of  ma t er i al s .  
∑∑ += outputstorageinput m  m   m &&&
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Precast Mortar 5%
Wood  1%
Steel  1%
Lime  2%
Water  5%
Cement  7%
Precast Concrete 1%
Other  5%
Aggregate  
53%
Ceramic
20%
 
Material kg/m2 
A g gr e ga te  Sto ne  1 , 4 9 0. 5 0  
Ce r a mic  5 5 7 . 70  
Ce me nt 1 9 2 . 70  
W a te r  1 3 8 . 60  
P r e c a st M o r ta r  1 3 1 . 90  
Li me  5 1 . 2 0  
P r e c a st c o nc r e te  3 8 . 2 0  
Ste e l 3 4 . 9 0  
W o o d  1 6 . 9 0  
O the r  1 4 0 . 20  
TOTAL 2,792.80 
 
T a b le  1 .  M a in ma te r ia ls use d  i n Ca ta lo nia  ( Sp a in) ,  k g p e r  in ha b ita b le  sq ua r e  me te r  o f u se f ul a r e a  a nd  
p e r c e nt a ge .  So ur c e : Cuc hí,  A.  Arquitectura i sostenibilitat, 2005. 
 
4.4. Flows and stocks 
Pr oc es s e s  ar e  li nke d by flows  ( ma s s  pe r ti me )  of ma t e r ia l s. Whe n a  ma t er i al  c r os s e s t he  s ys te m 
boundar y of  r e gi on of  Ll e ida  we  ar e  ta l ki ng a bout  a n imported or  exported material . Fl ow a nd 
f l uxe s  of  ma t e ri a ls  e nt er i ng t o the  pr oc es s  of  bui l di ng a r e  na me d inputs , whil e  t hos e  e xi ti ng a r e 
c a ll e d outputs . T he  unit  use d f or  quanti f yi ng t he  ma te r ia l  f l ow i s  tonnes per year  (T/ yr ) . It  i s 
ne c e ss ar y t o i de nti f y t he  s hi ft  of  ma t e r ia l  s t oc ks  f rom “ na t ur al ”  re s er ve s  t o “ a nt hr opoge ni c” 
a c c umul a ti ons  ( Br unner  & Re c hber ge r  2004) . Al l t he se  move me nt s  of  ma t er i al s ha ve  t he a i m of 
pr oduci ng t he  ha bi t abil it y f or  t he  popul at ion.  
 
4.4.1. Input Flows: Direct Material Inputs, Domestic Extraction and Imports 
T he  i nput s  t o t he  s ys t e m a r e  consumption of materia l s . Ma te ri a l  i nput s  c ons i st  pr i ma r il y of 
e xt ra ct e d ra w ma t e r i al s . T he  ma t e r i al  i nput s  ha ve  it s  ori gi n i nsi de  or  out si de  of  t he s ys t e m, whi c h 
a r e  r e pr e se nte d a s  local (domestic extraction) or  imported ma t e ri a ls , r e s pe ct i ve ly. Bot h ori gi ns 
ha ve  i n c ommon t ha t  a r e  e xt ra ct e d fr om t he  e nvi r onme nt  -mor e  pr e c i se l y t he  li t hos pher e  a nd 
pe dos phe re - a nd t he y f i nal l y a r e  us e d i n t he  ant hropos pher e . T he re f or e  t he re  i s  a  fl ow of 
ma t e r i al s  f r om t he  e nvir onme nt  t o t he  a nthr opos phe r e. T he  e nvi r onme nt  l ose s  ma t e ri al s  whi l e  t he 
a nt hr opospher e  e ar ns  t he m. T hat  me a ns  a  de pl et i on on t he  nat ura l  r e s our ce s , which i mpl i e s  a  l os s 
of  ri c hne s s  a nd da ma gi ng i n t he  e c os ys te ms  ( e q. 2) .  
 
∑ inputm & =   T M I  = D M I  +  unused  D E  =  D E  +  I mp o r ts +  unused DE      ( 2 )  
Wh er e:  TMI is the Total Material Input,  
DMI is the Direct Material Inputs,  
DE is the Domestic Extraction, 
 
4.4.2. Stock: Building stock in Lleida 
T he  t ot a l  a mount  of  ma t e r ia l s  st or e d in a  pr oc e ss  i s  des i gna t e d a s  the  “ st oc k of  ma t er i al s”  i n t he 
pr oc es s . St oc ks  ar e  de fi ned a s  ma t er i al  r e se r voi rs  ( ma s s ) wit hi n t he  a na l yze d sys t e m, a nd t he y 
ha ve  t he phys ic a l uni t of t one s  ( Br unne r & Re chbe r ger  2004) . T he  ma t er ia ls  tha t a r e e nt e ri ng to 
t he  pr oc es s  ar e  st or e d i n f or m of  bui l di ngs . T her e f or e , t he  st oc k of  bui ldi ngs  is  t he  a c c umul at i on 
of  ma t e ri a ls  in t he  s ys t e m (e q. 3) . Fr om t he  tot al  a mount  of  t hr oughput  of  ma t e ri al s , j ust  a  pa rt  i s 
f i nall y a c c umul a t ed i n f or m of  bui l di ng i n t he  s ys t e m, t he  r e st  wil l  f l ow ba c k f r om t he 
a nt hr opospher e  to t he  e nvi ronme nt  i n f or m of  wa s te s . T hes e  was t es  a nd e mi s s i ons  a r e t he  outputs 
of  the  pr oce s s of  buil ding, a l s o na me d e nvi r onme nt al  impa c t s . Bot h t he  ma s s  of t he  s toc k a nd t he 
r a te  of c ha nge  of  t he  s toc k pe r  unit  t i me  ( a cc umul a ti on or  de ple ti on of  ma t er i al s)  a re  i mpor t a nt 
pa r a me t er s  f or  des c ri bi ng t he  pr oce s s  of  building. T hes e  pa ra me t e r s  a ll ow t o a nalys e  t he  gr owt h 
of  t he  bui ldi ng s t oc k, a nd t o c ompa r e  it  wi t h t he  need of  housi ng i n f unct i on of  t he  gr owt h of 
popul ati on in Lle i da . 
 
storagem &   =   Sto c k o f B uild ing s         ( 3 )  
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4.4.3. Output Flows: Wastes to the Air, Water and Soil  
T he ma t e ri a ls  goi ng out  from t he  s ys t e m ha ve  l ost  t he i r uti li t y in or der  to bec ome  wa s t e s . The y 
a r e  not  us ef ul  a nymor e  i n t he  a nthr opos phe r e  a nd t he r ef or e  t he y a r e  c omi ng ba c k t o t he  
e nvi r onme nt . T he  e nvir onme nt  c ompr i s es  four compa r t me nt s :  a t mos phe re , hydr os pher e , 
pe dos phe re , a nd li t hos phe re . T he  out put  f l ows i mpl y t hat  ma t e ri a ls  ar e  a c c umula t e d i n t he a ls o 
c a ll e d “ fi nal  s inks ” . A “ fi na l  si nk”  i s  a  proc es s  wher e ma t e r i al s  ha ve  ve r y l ong r e s i de nc e  ti me s  
( t R> 1000 ye a rs ) ( Brunner  & Re c hber ge r  2004) . The re  a re  3 ma i n outputs : c onst r ucti on was t es 
a c c umul a te d in t he  pe dos phe r e , e mi s s i ons  of  ga se s  to t he  ai r  a c c umul at e d i n the  at mos phe r e , a nd 
wa s t es  t o t he  wa te r  ac c umul at e d i n the  hydr os pher e . T hes e  ma t er i al s  ha ve  l ost  qua li t y a nd t he y 
a r e  nei the r  us ef ul  f or  t he  e nvi r onme nt , s o the n t he y be c ome  a  pr oble m i n t he  mo me nt  t hat 
a c c umul a ti on i n t he se  fi nal  s i nks  i nc r ea s es  ti ll  the  l i mi t of  s upport i ng of  t he e nvi r onme nt  ( e q. 4) . 
 
∑ outputm &   =  T M O  =  T D O  +  E xp o r ts =  D P O  +  d isp o sa l o f un use d  d o me stic  e xtr a c tio n + E xp o r ts          ( 4 )  
 Wh ere :     TMO it the Total Material Output,  
TDO is the Total Domestic Output to nature, 
DPO is the Domestic Processed Output to nature. 
 
4.5. The System 
Summa r i zi ng, t he  boundary of  t he  s ys t e m i s  the region of Lleida for t he  pe ri od of  one year . T he 
f i rs t  a nd ma i n pr oc e ss  i s  building a nd t he  a c cumul a t ion of  ma t e ri a ls  i n t he  pr oce ss  i s  t he  building 
stock . T he  inputs  t o t he  pr oc e s s  ar e  domestic extracted a nd imported building materials , and t he 
out put s  of  t he  pr oce s s a re construction wastes to landfills , emissions to the air , wastes to the 
water  a nd exported building materials . Be s i de s  t hi s, i t  i s  nec e ss a r y t o c onsi de r  t he  fl ow of 
unused domestic extraction a nd  indirect flows of imports whic h compr i s e s ove r bur den a nd 
pa r ti ng ma t e r ia ls  fr om mi n i ng, wood har ve s ti ng l os ses , a s we ll  as  s oi l e xca va t i on a nd dr e dged 
ma t e r i al s  fr om c ons t r uct ion a c t i vit i es . The  ma t e r ia l s  a na l ys e d ar e  ba se d on t he  ma i n ma t e r i al s 
r e qui r ed f or  bui l di ng housing i n Ll e ida  as  c ompone nts of  c onc r et e  ( a ggr e ga t e d st one , c e me nt  a nd 
wa t e r) , st e el , c er a mi c , l i me , a nd wood. Ac c ordi ng t o the  ma s s -ba l a nc e  pr inc ipl e , t he  ma s s  of  a ll 
i nput s  int o a  pr oc e ss  e qual s  the  ma s s  of  all  outputs of  t hi s  pr oce s s  pl us  a  stor a ge  t er m t ha t  
c ons ide rs  a cc umul a ti on or  de pl eti on of  ma t e ri a ls  i n t he  pr oc e s s ( e q. 1) . 
A me t hodol ogi c al  appr oa ch of  M at er i al  Fl ow Anal ys i s  ha s be en de ve lope d f or  t he  bui ldi ng 
s e c tor  i n the  re gi on of  Ll ei da . T he  gr a phic  s ys t e m s hows  t he  move me nt  of  ma te r ia l s a s  i nput s 
a nd out put s  fr om t he  pr oc es s  of  buil ding a nd of f e rs  and ove r vi e w of  t he  f unct i on of  t he  s ys t e m 
( Fi g. 1) .          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  1 .  M o d e l o f the  flo w o f  ma te r ia ls fo r  the  b uild i n g se c t o r  in Lle id a  ( E U RO ST AT  2 001 ) .  
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5  DIS CUSS IO N OF F IRS T  RESULT S 
T he a mount  of  r e qui re d ma t er i al s f or  buil di ng i n Ll e ida  is  shown i n Fi gur e  2, whe r e st a ti st ic al 
da t a a bout t he  a ve ra ge  of cons tr uct e d a re a  f or  hous ing a mong 2000 a nd 2008 a nd t he  wei ght  of 
t he  ma i n use d ma t e ri al s  per s quar e  me t e r  of  use f ul  ar e a of  bui l di ng ha ve  be e n t a ken i nto a cc ount . 
In  t ot al , buil di ng hous i ng in Ll e ida  re quir e s  a  f low of ma t e r i al s  e xt ra c te d fr om t he  e nvi r onme nt 
( bot h l oc al  a nd re s t of it ) of  mor e  tha n 3.25 mi l li ons of  t ones  of  ma t e ri al s  e ve ry ye a r  t hat  ar e  
s t ore d i n t he a nt hr opos phe re  i n f or m of  bui l di ngs . T he mos t  r e qui r ed ma t e ri al  is  aggr e ga t e d st one 
a nd r epr es e nt s  al mos t  1.75 mi l l i on of  t one s  pe r  ye a r . Aggr e ga t e d i s  ma i nl y us e d i n t he  s tr uct ure 
of  t he  bui l di ng s i nc e  i s  one  of  t he  c ompone nts  of  c onc re t e .  
T he  out put  f l ow “ wa st es  t o t he  a t mos phe re ”  i s  s hown s i mul t a ne ousl y i n Fi gur e  2. E mi s s i ons  of 
CO 2  ge ne r a t e d by a ll  t he pr oce s se s  ne c es s ar y f or  the  pr oduct i on of e a ch bui l di ng ma t e r i al 
r e qui r ed f or  ne w hous i ng i n Ll e ida  e ve r y ye a r  a r e shown. T he  pr oc e s se s  r e quir e d f or ma ki ng 
pos si ble  the  ma t e ri al s e xt ra c ti on i mpl y t he  e mi s si ons of  a bout  1 mi ll i on tone s of  CO 2  per  ye a r. 
T he ma t e r i al  t hat  hea ds t he r a nki ng of e mi s si ons is  cer a mi c  a nd c e me nt , whi ch si gni f y t he 23% 
a nd 20%  of  t he  e mi s s i ons  of  CO 2  but  20%  a nd 7 %  re s pe ct i ve l y of  t he  t ota l  ma s s . Re ma r ka bl y,  
t he  t hir d m a t er ia l  i s  s te e l , whi c h j ust  me a ns  l e ss  tha n 1%  of  the  t ota l ma s s  but mor e  t ha n 17%  of 
t he  e mi s s i ons . Aggr e ga t e  s uppose  j ust  1.5%  i n s pite  of  be i ng t he  ma j or  ma s s  of  r e qui re d 
ma t e r i al .  
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Fig ur e  2 .  T o ta l ma ss o f r e q uir e d  ma te r ia ls fo r  ne w ho u si ng i n L le id a  ( inp ut s)  a nd  to ta l ge n e r a te d  e mi ssio ns 
o f CO 2  fo r  p r o d uc ing t he  b uil d ing ma te r ia ls p e r  ye a r  ( o utp u ts,  a ve r a ge  2 0 0 0 -2 0 0 8 ) .  So ur ce : o wn c o mp ila tio n 
( I D E SC AT  2 00 8 ,  M iniste r io  d e  Fo me nto  2 0 0 8 ,  Cuc hí 2 0 0 5 ) .  
 
Conc e r ni ng t he  bui ldi ng stoc k, f ir s t it  i s  ne c es s ar y t o know t he  ra te  of  ac c umul a ti on of  ma t er i al s, 
a nd the  t i me  of  r e si de nc e  i n t he  s t oc k ( Fi gur e  3) . The  bui l di ng s t oc k i n Ll e ida  i n 2008 wa s  ne ar l y 
30 mi l li on of s quar e me t e rs . Among 2000 a nd 2008, t he  a ve r a ge  of  ne t a ddi ti on t o t he  st oc k of 
bui ldi ng wa s  1,240,000 m 2  pe r  ye a r , whi c h me a ns  a n a ve r a ge  of  5%  of  a nnua l  inc r ea s e , hi gher 
t ha n t he  inc re a se  of  populat i on wi t h a n a ve r a ge  of  1.9% . T he  bui ldi ng s t oc k pe r  c a pit a  r e a che d 
t he  ma xi mu m of  70 m 2 pe r  i nha bi ta nt  in 2007. The re f or e  t he  ra t e  of  a c c umul a ti on of  ma t e r i al s  in 
t he  st oc k of  bui l di ng ha s  be e n gr owi ng e ve r y ye a r  f rom 2001 t o 2007, f r om 2.3 mi l l i on t ones  of 
ne w ma t e r i al s  a dde d t o t he s t oc k i n 2001 to t he  5.5 mi l l i ons  of  ma t e ri al s  i n 2006. In 2007 a nd 
2008 t he  ra t e of  a c c umul at ion de cr e as e d, wi t h 3.9 a nd 1.3 mi l l i ons  of  t one s , r es pec t i ve l y.  
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Fig ur e  3 .  T o ta l sto c k a nd  ne t a d d itio n to  the  sto c k o f ho u si ng  in L le id a  e ve r y ye a r  ( m 2 ) ,  a nd  b uild in g sto c k 
p e r  c a p i ta  ( m 2 /c a p ) .  So ur c e : O wn  c o mp ila tio n ( M ini ste r io  d e  Fo me nto  2 0 0 8 ,  M iniste r io  d e  V ivie nd a  2 0 0 8 ,  
I D E SC AT  2 0 08 ) .  
 
6   CONCLUS IONS:  T OW ARDS A ST AT IONARY F LOW  M ODEL 
T he def i ne d s ys t e m f or  Ll ei da  al lows  a  t ra ns pa r e nt  unde r st a ndi ng of  t he  buil di ng ma t e r i al  fl ows. 
T he  di re c ti on of  t he  ge ne r al  f l ow c ons is ts  i n t he e xt r ac ti on of  r a w ma t e ri a ls  f r om t he  
e nvi r onme nt  t o t he  a nt hr opos pher e  a nd ba c k t o t he  envi r onme nt  a s wa st e s t o t he e a rt h, a ir  a nd 
wa t e r ( Fi gur e  1) . All  t he s e f l ows  of  ma t er i al s  pr oduc e  t he  de ple ti on i n t he  na t ur al  r e s our ce s  fr om 
t he  e nvir onme nt , da ma gi ng i n t he  e c os ys t e ms  a nd s a tur at ion of  t he  fi na l  si nks  i n t he 
e nvi r onme nt . Fr om t he  t otal  a mount  of  t hr oughput  of  ma t e r i al s , j ust  a  pa rt  i s fi nal l y a c c umul at e d 
i n f or m of  buil ding i n t he  sys t e m.  
Onl y f or  hous ing i n t he  pr ovi nc e  of  Ll e ida  3.25 mi l li on t ones  of  c onst ruc ti on ma t e r i al s  a re 
r e qui r ed e ve r y ye a r  ( Fi gure  2) . T he  a ddi ti on of  ne w ma t e r i al s  to t he  buil di ng s t oc k ha s  be e n 
gr owi ng i n maj or or mi nor  pe r ce nta ge  i n a ll  t he st udi ed per i od ( Fi gur e  3) . Is  it  pos s i bl e t o s uppl y 
t he  bui l di ng s e c t or  a nd a t  t he  s a me  t i me  r e duc e  t he  ma s s  of  r e quir e d ma t e ri a ls ?  A 
de ma t e r ia li za t ion of  the  bui l di ng s e c tor  is  r e quir e d a nd c a n be  ac hie ve d wor ki ng on f our  ke y 
poi nt s .  
Fi r st , it  is  ne ce s sa r y t o decr e a se  t he  i nput  f l ows  f or  r educ i ng t he  t ot a l  ma t er ia l s  cons umpt i on. It  
me a ns  de ma t e r i al i za ti on by r e duc i ng t he  ma t e r ia l  i nt e ns it y ( t / m 2 )  of  bui l di ngs  a nd 
i nfr a st r u c t ur es , e xt endi ng t he  us ef ul  l if e  of  t he  bui ldi ngs  a nd i t s  c ompone nt s a nd pr oduci ng 
l i ght er  ma t e r i al s . T he  l onge r  t he  ma t e ri a ls  a r e  in t he  s t oc k, t he  l at er  t he y be c ome  out put s  t o t he  
e nvi r onme nt  a s  wa s te s . 
Se c ond, t he  st oc k bal a nce  s hould te nd t o ze ro or at  lea s t  r e a c h a  low i nc re a s e of buil ding s t oc k 
l i nke d t o t he re a l nee d of  hous ing. In Ll e i da  t he ra te of  a c cumul a t i on t o t he bui l di ng s toc k i s a 
3%  hi ghe r t ha n t he gr owt h of  popula ti on. T his  re s ul ts  in a  hi gh inha bi ta ble  ar e a per  ca pit a ( a bout 
70 m 2 / c a pit a) . T hi s a cc umul a t i on i s al s o re s tr ic ted by t he  phys i c a l  l i mi t s  of  e xtr a ct i on of  
ma t e r i al s  f r om t he  envi r onme nt . T her ef ore , t hi s  l i mi t  shoul d be  quanti fi e d f or  e a ch r e gi on.  
T hi r d, it  is  nec e s sa r y t o de c r ea s e  t he output  f lows  by de c r e as i ng t he  i nput  f l ows  i n or der  to 
r e duce  t he  was te s  a nd t her e f or e t he  e nvi ronme nt a l impa c t s  of buil di ng. The  re uti li za t i on a nd 
r e c yc li ng of  t he  out put  was t e s  as  i nput  r es ourc e s  c an he l p t o mi t i ga t e  thi s  pr obl e m. Howe ve r , 
be c a us e  of  t he e nt ropy l a w, t he  ma t e ri al s  t hat  c a n be r e -us e d fr om out put  f l ows i s  muc h l owe r 
t ha n the  ma t e r ia l  re qui r ed i n i nput  fl ow. Eve n wi t h hi gh r a t es  of  r ec yc l e d a nd re us e d ma t e ri al s 
t he re  would not  be  enough ma t e r i al s  f or  s ubst it ut i ng t he  dome s ti c  extr a ct i on. The r ef ore , wa ste 
ma na ge me nt  s houl d be  re pl ac e d by ma t e r ia ls  a nd r e s ourc e  ma na ge me nt . To pr omot e  t hi s 
t e ndenc y, ne w pol i ci e s  mus t  be  def i ne d t o r educ e  t he  us e  of  pr i ma r y na t ur al  r e s our ce s  f or 
mi ni mi zi ng bot h e xtr ac ti on i nput s  a nd wa st e  out put s . 
T he  f our t h poi nt  i s  to de cr e a se  t he  i mpor t  fl ow by ma ki ng of  Ll e i da  a  loc al ly s e l f -s uf f i ci e nt 
r e gi on. Fut ure  de vel opme nt  of  st r at e gi es  a nd me a s ur e s wi ll  be  nec e ss a r y f or i mpr ovi ng t he 
Net addition to the stock
Building stock per capita
Net addition to the stock
Building stock
69 m2/cap in 2008 
1.24 million m2/yr 
29.55 million m2 in 2008 
B uild in g Sto c k i n Lle id a  
 5%      4%       4%       5%      6%      7%       8%       5%      2% 
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ma t e r i al  f l ow s ys t e ms  of  bui ldi ng i n Lle i da . T hi s mode l s houl d be  a c hi e ve d ta ki ng me a s ur es 
f r om t he  be gi nni ng of t he  cha i n. Contr oll ing t he  ma t e ri a ls  fl ows  t hr ough t he t ot al  s ys t e m i s  mor e 
e f fi ci e nt  t han s e par at i ng ma na ge me nt  of  wa s t es  f r om t he  ma na ge me nt  of  pr oduc ti on s uppl y a nd 
c ons umpt i on. Gl oba li za t i on ma ke s  pos si ble  tha t t he ma t e r i al s  r e qui re d f or  bui l di ng i n Ll e ida 
c ome  f r om t he  extr a ct i on of  the  na t ur al  re s our ce s  i n t he  e nvi r onme nt  of  anothe r c ount r y, oft en 
a r e  tr a ns f or me d i nt o pr oduct s  i n a  se c ond one , a nd fi nall y a r e  c ons ume d i n Ll ei da . T he  extr a ct i on 
a nd ha r ve st i ng of  pri ma r y na t ura l  re s our c es  f or  buil di ng ma t e r i al s  re qui r es  t ra ns por ti ng a nd 
pr oc es si ng l a r ge  ma s s  of  ma t e r i al s . T he  c ount r y whi c h ta ke s  be nef it  of t he  ma t e ri a ls 
c ons umpt i on s houl d be  r e spons ibl e  not  onl y of  t he  e nvi r onme nt a l  i mpa c t s  t hat  ar e  ge ne r at e d i n 
i t s  own e nvir onme nt  but  a l s o i n t he  r e st  of  it . T his  ke y poi nt  i s  di ff ic ult  t o a c hi e ve  if  t he 
pr oc es s es  re qui r ed f or  obta i ni ng t he  buil ding ma t e r ia l s  a re  ta ke n i n ot he r  c ount ri e s . A t ot al 
c ontr ol  of  t he  ma t e r ia l  f l ow mode l , f rom t he  be gi nning of  t he  c hai n to t he  e nd of  pi pe , c a n be 
r e a che d if  t he  ma t e ri al s  use d f or  bui l di ng a r e  e xt r ac ted, pr oc es s e d, a nd f ina ll y t re a t ed a s  wa st e s 
i nsi de  t he  own c ount r y. Ma ki ng of  Ll e ida  a  l oca ll y s e l f -s uf fi ci e nt  r e gi on a ll ows c ontr oll ing t he 
t ota l  fl ow of  ma t e r i al s  fr om c r a dl e  t o gr a ve  a nd a c c ompl i s hi ng me a s ur e s t o r e duc e  the 
e nvi r onme nt al  i mpa c t s of  t he  buil di ng s ec t or . T he ne xt  gi ve n ques ti on i s  i f  t he r e  a r e  e nough 
na t ur a l re s our c es  i n t he  r egi on f or s at is f yi ng it s  t ot a l ne e ds  of  bui l di ng. If  t his  l i mi t  ha s  be en 
a l re a dy a c hi e ve d, t he n t he s us t ai na bi lit y of  t he  bui ldi ng s e c t or  i n t he  fut ur e  is  not  gua r a nt e e d. 
Sus t ai nabil it y r e quir e s  a  cha nge  of  t he  c ur re nt  bui l di ng mode l  t o a  ma t e r ia l  flow s ys t e m t ha t 
r e ma i ns  c ons t ant  in a  s ta ti ona r y s t at e  i n f l ows  of  ma t e r i al s  a nd e ner gy. A  s t a ti ona r y f l ow mode l 
woul d pr ovi de  the  equil i br ium ne e de d t o r e ac h s us ta i na bil it y. 
 
ACK NOW LEDGM ENT S 
T he  wo r k wa s p a r tia ll y f u n d e d  b y the  Sp a nis h go ve r n me n t ( E N E 2 0 0 8 -0 6 68 7 -C0 2 -0 1 /CO N )  a nd  the  
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L o w co s t s u s tain ab le b u ild in g  s o lu tion s  
 
 1 S TATE OF THE AR T 
Angol a  i s  a  c ount r y wi t h de ve l opi ng e c onomi e s  ma r ke d by a r me d c onf l i c t  i n t he  l ong t e r m, l i ke  
ma ny Af r i c a n c ount r i e s . Sus t a i na bl e  Cons t r uc t i on a nd Ur ba n De ve l opme nt  be c ome  ur ge nt  i n a  
c ont e xt  whe r e  de ma nd f or  hous i ng a nd ba s i c  s uppor t  e qui pme nt  i s  c ons t a nt l y i nc r e a s i ng, whe r e  
l a c k of  r e s our c e s  a nd l a c k of  c ons t r uc t i on a nd ur ba n pl a nni ng a r e  f r e que nt . 
 T he  a bs e nc e  of  ba s i c  c omf or t  pe r f or ma nc e  c r i t e r i a  i n t he  c ons t r uc t i on i nvol ve s  i nc r e a s i ng 
us e  of  a i r -c ondi t i oni ng, ma ki ng i t  mor e  e xpe ns i ve . M or e ove r , f or  muc h of  t he  popul a t i on, s uc h 
a  s ys t e m i s  una f f or da bl e , ma ki ng t he  i nt e r i or  s pa c e s  c onduc i ve  t o unhe a l t hy c onc e nt r a t i on of  
mos qui t oe s  ( ma l a r i a )  a nd ot he r  i ns e c t s . T he  l a c k of  a de qua t e  ve nt i l a t i on, ove r he a t i ng, t he  a p-
pe a r a nc e  of  f ungi  on t he  wa l l s , a r e  pr obl e ms  e a s i l y s ol ve d by t he  i mpl e me nt a t i on of  pa s s i ve  a r -
c hi t e c t ur e  s t r a t e gi e s . 
 T he  bui l di ngs  a nd c ons t r uc t i on s e c t or  i s  one  of  t he  ke y s e c t or s  f or  s us t a i na bl e  de ve l op-
me nt , bot h i n t e r ms  of  t he  i mpor t a nt  be ne f i t s  i t  c ont r i but e s  t o s oc i e t y a nd t he  c ons i de r a bl e  ne ga -
t i ve  i mpa c t s  i t  ma y c a us e  i f  a ppr opr i a t e  c ons i de r a t i ons  a r e  not  gi ve n t o t he  e nt i r e  l i f e  s pa n of  
bui l di ngs ”  - UNEP-SBCI ( Sus t a i na bl e  Bui l di ngs  a nd Cons t r uc t i on Ini t i a t i ve , Uni t e d Na t i ons  
Envi r onme nt  Pr ogr a mme ) . 
 T he  a i m of  t hi s  wor k i s  t o f i nd s ol ut i ons  f or  s us t a i na bl e  pa s s i ve  a r c hi t e c t ur e  a nd bui l di ng 
wi t h t he  i nc l us i on of  r e ne wa bl e  t e c hnol ogi e s , t hr ough r e s e a r c h on mode l s  of  ve r na c ul a r  hous -
i ng bui l t  t o r e s pond t o t he  c l i ma t e  i n whi c h t he y ope r a t e , us i ng l oc a l  ma t e r i a l s  a va i l a bl e . For  
e xa mpl e , t he  us e  of  e a r t h on wa l l s  gi ve s  t he m t he r ma l  i ne r t i a , ma ki ng t he  hous e  c ool e r  dur i ng 
t he  da y a nd wa r me r  a t  ni ght , a n i mpor t a nt  c ondi t i on i n pl a c e s  wi t h hi gh t e mpe r a t ur e  di f f e r e nc e  
be t we e n ni ght  a nd da y. T he  us e  of  " s t i c k-t o-pe a k"  s t r uc t ur e s  wi t h s t r a w r oof s  a l l ows  ve nt i l a t e d 
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ABST RACT :  Ai mi ng a  s us t a i na bl e  de ve l opme nt  t hr ough t he  vi t a l  a r e a  of  e ne r gy e f f i c i e nc y i n 
bui l di ngs , s t r a t e gi e s  of  bi oc l i ma t i c  a r c hi t e c t ur e  wi l l  be  s e t  i n or de r  t o pr ovi de  hous i ng a c c e s s i -
bl e  t o pe opl e  i n ne e d, gi vi ng a t t e nt i on t o e nvi r onme nt a l  a nd c ul t ur a l  a s pe c t s . 
T he  wor k a i ms  t o s t udy a r c hi t e c t ur a l  a nd c ons t r uc t i ve  s ol ut i ons  t o hous i ng a t  a f f or da bl e  r a t e s  i n 
s out he r n Angol a  ( pr ovi nc e s  of  K une ne  a nd Na mi be ) , a na l yzi ng t r a di t i ona l  mode l s  pr e vi ous l y 
a ppl i e d a nd pr opos i ng s ol ut i ons  wi t hi n t he  e xi s t i ng s oc i o-e c onomi c  a nd e nvi r onme nt a l  c ont e xt .  
It  s e e ks  t o c ont r i but e  t o t he  r e s ol ut i on of  s oc i o-e c onomi c  a nd e nvi r onme nt a l  pr obl e ms  i n our  
da ys . Exa mpl e s  of  t he s e  pr obl e ms  i nc l ude  t he  c ul t ur a l  upr oot i ng a s  a  r e s ul t  of  mi gr a t i on f r om 
r ur a l  t o ur ba n pl a c e s  ( ma i nl y dur i ng t he  30 ye a r s  of  a r me d c onf l i c t ) , pove r t y l e ve l s  of  t he  poor -
e s t  pe opl e , poor  l i vi ng c ondi t i ons  ( l a c k of  qua l i t y i n c ons t r uc t i on a nd ba s i c  s uppor t  i nf r a s t r uc -
t ur e ) , a nd t he  e xc e s s i ve  us e  of  e ne r gy i n bui l di ngs  a s  a n a l t e r na t i ve  t o t he  l a c k of  bi oc l i ma t i c  
a r c hi t e c t ur e  s t r a t e gi e s  c or r e c t l y or i e nt e d. Ai mi ng a  s us t a i na bl e  de ve l opme nt  t hr ough t he  vi t a l  
a r e a  of  e ne r gy e f f i c i e nc y i n bui l di ngs , s t r a t e gi e s  of  bi oc l i ma t i c  a r c hi t e c t ur e  wi l l  be  s e t  i n or de r  
t o pr ovi de  a c c e s s i bl e  hous i ng t o pe opl e  i n ne e d, gi vi ng a t t e nt i on t o e nvi r onme nt a l  a nd c ul t ur a l  
a s pe c t s .  
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 a nd s ha de d s pa c e s , c omf or t a bl e  dur i ng t he  pe a k hour s . T he s e  ki nds  of  s t r a t e gi e s  s houl d be  a na -
l yze d i n or de r  t o pr opos e  me t hods  a dj us t e d t o t he  de ve l opme nt  of  s us t a i na bl e  hous i ng wi t h c on-
t r ol l e d c os t s , r e s pondi ng t o e nvi r onme nt a l  a nd s oc i oe c onomi c  ne e ds , a nd i ns e r t e d i n t he  Ango-
l a n c ont e xt .  
 T hi s  i s s ue  wa s  r a i s e d i n Angol a  be f or e  i nde pe nde nc e , wi t h no de f i ni t i ve  s ol ut i ons  a nd 
wi t hout  ma ki ng s t udi e s  a bout  bui l di ngs  e nvi r onme nt a l  pe r f or ma nc e . T he r e  i s , i n s pi t e  of  t hi s , a  
gr e a t  body of  l i t e r a t ur e  on Angol a  whi c h gi ve s  t o t he  a t t e nt i on, a mong c ul t ur a l  a nd s oc i o-
e c onomi c  i s s ue s , f a c t s  a bout  t he  c ons t r uc t i on of  ve r na c ul a r  hous i ng, t o be  c ons i de r e d i n t hi s  
wor k, s uc h a s  Ca r l os  Es t e r ma nn, 1961, M a r i a  Li ma , 1977, Ra mi r o La de i r o M ont e i r o, 1994, 
Ga r c i a  da  Or t a , 1996, Re né  Pe l i s s i e r , 1986, J os é  Re di nha , 1973 e  1975. 
 Al s o good e xa mpl e s  of  s ol ut i ons  i n ot he r  c ount r i e s  s houl d be  r e f e r e nc e d, i n r e s pons e  t o t he  
gr owi ng ne e d t o a da pt  t he  bui l di ng t o l oc a l  c ont e xt s , r e duc i ng e ne r gy c os t s  a nd mi ni mi zi ng t he  
e nvi r onme nt a l  i mpa c t , s uc h a s  t he  wor k of  La ur i e  Ba ke r , 1986, J oo-Hwa  Ba y a nd Boon-La y 
Ong, 2006, Sa mue l  Couge y a nd J e a n-Pi e r r e  Ol i va , 2006, Pe t e r  V a n Dr e s s e r , 1996,  W ol f ga ng 
La ube r , 2005. 
 T he  de ve l opme nt  of  t hi s  pr opos a l  i s  s uppor t e d by t he  wor k done  unde r  t he  Sur e -Af r i c a  
Pr ogr a m ( Sus t a i na bl e  Ur ba n Re ne wa l :  Ene r gy Ef f i c i e nt  Bui l di ng f or  Af r i c a ) , of  whi c h I be l ong, 
a nd whi c h i s  c ur r e nt l y t a ki ng pl a c e  i n Por t uga l  a t  t he  Ins t i t ut o Supe r i or  T é c ni c o, c o - f unde d by 
t he  Eur ope a n Uni on. T hi s  pr ogr a m a i ms  t o de ve l op a  ne t wor k of  pr a c t i c a l  a nd i nt e l l e c t ua l  
knowl e dge  be t we e n Af r i c a n a nd Eur ope a n uni ve r s i t i e s , a bout  e ne r gy-e f f i c i e nt  bui l di ng a nd ur -
ba n de s i gn.  
2 M AIN OBJ EC TIVES :  
1. Ga t he r  i nf or ma t i on a bout  t he  V e r na c ul a r  Hous i ng mode l , i t s  e vol ut i on a nd c ur r e nt  
f r a me wor k  i n t he  ur ba n s pa c e , of  t wo s out he r n Angol a  r e gi ons ;  
2.  Ana l yze  t he  c ons t r uc t i on me t hods  a nd e nvi r onme nt a l  pe r f or ma nc e  of  t he s e  mode l s  a nd 
ot he r  mode l s  of  e xi s t i ng hous i ng wi t hi n t he  ur ba n s pa c e , c ompa r i ng t he  r e s ul t s ;  
3. Pr opos e  s ol ut i ons  f or  pa s s i ve  a r c hi t e c t ur e  c ons t r uc t i on de ve l opme nt , i nc l udi ng r e ne wa -
bl e  t e c hnol ogi e s , wi t h a  vi e w t o i t s  f ut ur e  i mpl e me nt a t i on i n dwe l l i ngs  a t  a f f or da bl e  
r a t e s . 
In or de r  t o a c hi e ve  t he s e  obj e c t i ve s , i t  i s  ne c e s s a r y t o:  
4. Inc r e a s e  knowl e dge  i n t he  a r e a s  of  s pa t i a l  a nd c ons t r uc t i ve  or ga ni za t i on, a s s e s s i ng l e -
ve l s  of  c omf or t , by t he  a na l ys i s  of  t he r ma l , a c ous t i c  a nd l i ght i ng pe r f or ma nc e  of  t he  
bui l di ng;  
5. Unde r s t a nd t he  i nf l ue nc e  of  t wo di f f e r e nt  c ul t ur e s  i n de f i ni ng t he i r  mode l s  of  ve r na c u-
l a r  hous i ng;  
6. Unde r s t a nd t he  wa y t r a di t i ona l  hous i ng mode l s  de ve l ope d ove r  t he  ye a r s , i de nt i f yi ng 
s ome  c ha r a c t e r i s t i c s  of  t hos e  s a me  mode l s  i n ur ba n s pa c e s  or  c i t i e s ;  
7. Combi ne  t he  s t udy of  t r a di t i ona l  hous i ng wi t h t ool s  of  e nvi r onme nt a l  c omf or t  a na l ys i s  
( moni t or i ng a nd c omput e r  mode l i ng)  i n or de r  t o r a t e  t he  pe r f or ma nc e  l e ve l s  a nd c om-
pa r e  t he m wi t h c ont e mpor a r y hous i ng mode l s . T hi s  wi l l  a l l ow ha vi ng t e c hni c a l  a nd 
me a s ur a bl e  c onc l us i ons  t o be  a ppl i e d i n f ut ur e  s ol ut i ons ;  
8. Ac r os s  a l l  t he  i nf or ma t i on obt a i ne d, r e s ul t i ng i n a n or ga ni ze d da t a  s ys t e m, a l l owi ng t he  
de f i ni t i on of  c ons t r uc t i ve  a nd pr oj e c t  s t r a t e gi e s  f or  hous i ng a t  a f f or da bl e  r a t e s , wi t h 
a ppl i c a t i on i n e ve r yda y pr a c t i c e . 
T he  f ol l owi ng pr opos a l  f a l l s  unde r  t he  PhD i n Ar c hi t e c t ur e  t ha t  I a m de ve l opi ng a t  t he  Ins t i t ut o 
Supe r i or  T é c ni c o, a bout  " Low c os t  Hous i ng i n s out he r n Angol a ” .  
 Angol a  ha s  s e e n 30 ye a r s  of  a r me d c onf l i c t , r e s ul t i ng i n gr e a t  huma n a nd ma t e r i a l  da ma ge . 
T oda y i t  i s  gr owi ng a t  a  f a s t  r hyt hm, wi t h t he  c r e a t i on of  ne w ur ba n c e nt e r s , r e s i de nt i a l  a r e a s , 
bus i ne s s , s hoppi ng, e t c .. Howe ve r , not  a l wa ys  i s  t he  c i t y pl a nni ng or  bui l di ng c ons t r uc t i on a p-
pr opr i a t e  t o t he  l oc a l  c l i ma t e  a nd, of t e n, t o t he  s oc i a l  e nvi r onme nt :  gl a s s  t owe r s  a r e  r a i s e d i n a  
t r opi c a l  c l i ma t e ;  t he  bui l di ngs  ha ve  l a r ge  gl a zi ng a r e a s  wi t hout  a ny s ha di ng or  na t ur a l  ve nt i l a -
t i on.  T he  r e s ul t  i s  a n unc omf or t a bl e  i nt e r i or , ma ki ng t he  us e  of  a i r -c ondi t i oni ng a nd i nvol vi ng 
unne c e s s a r y s pe ndi ng of  e ne r gy. 
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  Angol a  i s  a  c ount r y of  c ont r a di c t i ons  - t he  l a c k of  hous i ng c ondi t i ons  a nd t he  uns us t a i na bl e  
c ons t r uc t i on c l a s he s  s t r ongl y wi t h t he  e c onomi c  pot e nt i a l  of  t he  c ount r y. 
 It  i s  ur ge nt  t o ha ve  a n a ns we r , a  c ont r i but i on s o t ha t  t he  ur ba n gr owt h c a n be  c onduc t e d i n a  
s us t a i na bl e  ma nne r , he l pi ng t o r e duc e  pove r t y l e ve l s  a nd a s s i gni ng s uf f i c i e nt  hous i ng c ondi -
t i ons  t o e ve r yone . 
 T he  s t udy of  t r a di t i ona l  c ont e xt s  c onc e r ns  t he  s e a r c h f or  c ons t r uc t i ve  a ns we r s  f or  e xa mi ni ng 
t he  be ha vi or  of  ve r na c ul a r  hous i ng mode l s , gi ve n t he  ge ogr a phi c  a nd c l i ma t i c  c ont e xt  i n whi c h 
t he y ope r a t e . It  wi l l  be  e s s e nt i a l  t o unde r s t a nd how t hos e  hous i ng mode l s  be ha ve , e va l ua t i ng 
t he i r  be s t  a bi l i t i e s  a nd t he i r  ma i n we a kne s s e s , t o pr opos e  i mpr ove d s ol ut i ons . 
 In or de r  t o ba s e  t he  wor k i n s pe c i f i c  c ont e xt s , a nd gi ve n t he  gr e a t  di ve r s i t y of  c ul t ur e s  a nd 
e t hni c  gr oups  i n Angol a , t he  s c ope  of  t hi s  PhD i s  l i mi t e d t o t wo pe opl e s  of  s out he r n Angol a . 
T he  c a s e  s t udi e s  f oc us  on t wo s ub-e t hni c  gr oups , t he  K ua nha ma  be l ongi ng t o t he  gr oup Ambó 
[ 10] , a nd K uva l e , be l ongi ng t o t he  He r e r o [ 17] , bot h of  Ba nt u or i gi n. T he  opt i on c ome s  f r om 
t he  pa r t i c ul a r i t y of  bot h K ua nha ma  a nd K uva l e  be i ng t wo s ub-ma j or  gr oups  wi t hi n e a c h gr oup 
a bove  ( i n numbe r  or  i nf l ue nc e ) . It  wa s  a l s o a  f unda me nt a l  c r i t e r i a  of  c hoi c e  t ha t  t he y a r e  t wo 
pe opl e s  who onl y woul d l a t e r  gi ve  i n t o t he  c ol oni za t i on by t he  Por t ugue s e , ke e pi ng de e pl y, 
e ve n t oda y, t ypi c a l  qua l i t i e s  a nd c ha r a c t e r i s t i c s  of  i t s  c ul t ur a l  r oot s , whi c h wi l l  c e r t a i nl y a l l ow a  
mor e  s pe c i f i c  a nd t a r ge t e d s t udy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1  – I llustr a tio n o f the  ge o gr a p hic  lo c a tio n o f the  K ua nha ma  a nd  Cuva le  e thnic  sub -gr o up s b e lo ng-
ing   P r o vinc e s.  
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Figur e  2  –  Asp e c t o f K ua nha ma ’s tr a d itio na l mo d e ls o f ho using a nd  c ultur a l tr a its 
3  M ETHODOLOGY 
3.1 Collect literature in various libraries and institutions 
T he  wor k ha ve  a  ba s i s  f or  f ur t he r  r e s e a r c h on t he  va r i ous  i s s ue s  s ur r oundi ng i t  (  t r a di t i ona l  
Cons t r uc t i on, A r c hi t e c t ur e  a nd Ur ba ni s m) . 
3.2  Local data survey 
St a r t i ng f r om ge ne r a l  t o de t a i l , i t  i s  vi t a l  t o unde r s t a nd a l l  t he  pr oc e dur e s  i n t e r ms  of  l e gi s l a t i on 
a nd i t s  l oc a l  a ppl i c a bi l i t y, a t  t he  c ur r e nt  s t a t e  of  ve r na c ul a r  hous i ng i n bot h r ur a l  a nd ur ba n 
a r e a s  a nd, f i na l l y, a t  t he  c ons t r uc t i on pr oc e s s e s  a nd e c onomi c  i mpl i c a t i ons . In t hi s  s e ns e  s houl d 
be  ma de  on s i t e :  
• Sur ve y a bout  how a ppl i e s  or  i mpl e me nt s  l e gi s l a t i on a nd pol i c i e s  t o pr omot e  hous i ng 
a nd ur ba n a nd t e r r i t or i a l  de ve l opme nt  i n t he  s t udy a r e a ;  
• Sur ve y of  a r c hi t e c t ur a l  t ypol ogi e s  a nd de s i gn f e a t ur e s ;  
• M oni t or i ng a nd a na l ys i s  of  t he  e nvi r onme nt a l  pe r f or ma nc e  of  bui l di ngs  ( i nvol vi ng t he  
us e  of  Da t a  Logge r s )   
• Que r i e s  t o t he  popul a t i on ( r ur a l  a nd ur ba n) , i n or de r  t o unde r s t a nd t he  c r i t e r i a  a nd e x-
pe c t a t i ons . 
 M oni t or i ng t he  e nvi r onme nt a l  pe r f or ma nc e  of  bui l di ngs  t hr ough t he  us e  of  Da t a  Logge r s  i s  
e s s e nt i a l  s i nc e  i t  a l l ows  t he  me a s ur e me nt  of  l e ve l s  of  c omf or t , na me l y, i de nt i f yi ng a nd a s s e s s -
i ng e xi s t i ng e nvi r onme nt a l  c omf or t  pr obl e ms . T he  r e s ul t s  a r e  t he n us e d i n c ompa r i s ons  wi t h 
a na l ys i s  of  c omput e r  s i mul a t i on, a l s o i ndi s pe ns a bl e . 
3.3  Computer simulation of the environmental performance of the building: 
Bot h s t udi e d bui l di ngs  ( e xi s t i ng)  a nd f i na l  pr oj e c t  pr opos a l s  c omput e r  mode l s  wi l l  be  c a r r i e d 
out , us i ng Ec ot e c t  s of t wa r e  f or  t he  e nvi r onme nt a l  pe r f or ma nc e  s i mul a t i on ( s e e  f i gur e  3) . 
Ec ot e c t  a l l ows  t he  i nt e gr a t i on of  t he  3D vi s ua l  a s pe c t  wi t h a  wi de  r a nge  of  e nvi r onme nt  a na l y-
s i s  a nd s i mul a t i on a nd ha s  t he  f e e dba c k r e s ul t s  of  bot h c a l c ul a t i on a nd de s i gn. T he s e  r e s ul t s  
wi l l  a l l ow t he  e va l ua t i on of  t he  bui l di ngs  be ha vi or , i de nt i f yi ng ke y i s s ue s  a nd poi nt i ng out  
s ome  s ol ut i ons  t o t he m. 
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Figur e  3  –  Asp e c t o f the  E c o te c t So ftwa r e ’ ske tc hp a d  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e 4  –  O utp ut e xa mp le  –  Cha r t E ne r gy Co nsump tio n 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  5  –  O utp ut e xa mp le  –  So la r  p r o j e c tio n o n the  b uild ing à s 9 h,  1 2 h e  1 6 h d e  V e r ã o ,  fo r  a  b uild ing in 
Lua nd a  
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Figur e  6  –  O utp ut e xa mp le  –  M e a n r a d ia nt te mp e r a tur e  d istr ib utio n o n the  b uild ing inte r io r  
 
 
 T he  i nt e r s e c t i on of  a l l  obt a i ne d i nf or ma t i on dur i ng t he  s t udy a nd r e s e a r c h wi l l  r e s ul t  i n a  or -
ga ni ze d da t a  s ys t e m, a l l owi ng t he  de ve l opme nt  of  s t r a t e gi e s  f or  c ons t r uc t i ve  a nd pr oj e c t  hous -
i ng a t  a f f or da bl e  r a t e s , wi t h s i mpl e  a ppl i c a t i on i n e ve r yda y pr a c t i c e . 
 St r a t e gi e s  a s  a  r e s ul t  of  t he  whol e  pr oc e s s  of  r e s e a r c h a nd a na l ys i s  wi l l  be  pr e s e nt e d, f i na l l y, 
s howi ng i n pr a c t i c e  f e a s i bl e  s ol ut i ons , whi c h s houl d not , howe ve r , r e pr e s e nt  l i mi t e d a nd uni que  
mode l  a ppl i c a t i ons  i n t e r ms  of  hous i ng. 
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1  GOAL S  OF  T HE  RE S E ARCH 
T h e research  i s ai med  at  d efi n i n g  i n n o v at i v e g u i d el i n es an d  b u i l d i n g  co mp o n en t s wh i ch  i n t ro -
d u ce eco -effi ci en cy  p ri n ci p l es i n t o  mai n t en an ce act i v i t i es o f real  b u i l d i n g  st o ck  ad o p t i n g  t h e 
Desi g n  b y  Co mp o n en t s met h o d o l o g y ,  wh i ch  h as b een  co n cei v ed  at  DIP RADI Dep art men t  i n  
o rd er t o  d ev el o p  en v i ro n men t al -fri en d l y  i n d u st ri al  p ro d u ct s an d  serv i ces.  
T h i s k n o w-h o w t ran sfer i s j u st i fi ed  b y  t h e awaren ess t h at  n o wad ay s sev eral  b u i l d i n g  co mp o -
n en t s an d  p ro d u ct s can  b e t ak en  i n t o  acco u n t  as i n d u st ri al  p ro d u ct s,  b ecau se t h ey  are p ro d u ced  
b y  man u fact u ri n g  i n d u st ri es,  d el i v ered  t o  co n st ru ct i o n  si t es an d  fi n al l y  assemb l ed  as an  i n d u s-
t ri al  p ro d u ct .  In  t h i s way  t h e co n st ru ct i o n  p ro d u ct s co u l d  b e co n si d ered  t h e real  l i n k  b et ween  i n -
d u st ri al  eco d esi g n  an d  t h e b u i l d i n g  ren o v at i o n  an d  mai n t en an ce sect o r  b y  wh i ch  t h e Desi g n  b y  
Co mp o n en t  a p p ro ach  co u l d  b e p u t  i n t o  p ract i ce i n  t h e Bu i l d i n g  S ect o r.  In  o t h er wo rd s t h e b u i l d -
i n g  co mp o n en t s co u l d  b e a co mmo n  fi el d  o f st u d y  wh ere i s p o ssi b l e a cri t i cal  co n fro n t at i o n  b e-
t ween  t h ese t wo  cu l t u res,  wh i ch  l o o k  so  d i st an t  b u t  are b o t h  ai med  at  p l an n i n g  cu l t u res an d  
p ro cess.  
2  BACKGROUND ANAL YS IS  
S t art i n g  fro m t h i s assu mp t i o n ,  t h e research  h as b eg an  wi t h  a b ack g ro u n d  an al y si s o n  t h e st at e o f 
t h e art  o f t h e ex i st i n g  b u i l d i n g  b l o ck s i n  rel at i o n  t o  t h e ren o v at i o n  an d  mai n t en an ce p ro ced u res 
D e fin in g  e c o -e ffic ie n c y  s o lu tio n s  u s e fu l d u rin g  m a in te n a n c e  a c -
tiv itie s  o f e x is tin g  b u ild in g s  
Cr i s t i na  Al l i one  
DIPRADI, Department of Architecture and Industrial Design, Politecnico di Torino, Italy 
 
ABS T RACT :  T h i s research  i s ai med  at  d efi n i n g  i n n o v at i v e g u i d el i n es an d  b u i l d i n g  co mp o n en t s 
fo r i n t ro d u c i n g  eco -effi ci en cy  p ri n ci p l es i n t o  mai n t en an ce act i v i t i es o f real  b u i l d i n g  st o ck .  
T h i s g o al  i s j u st i fi ed  b y  t h e awaren ess t h at  n o wad ay s t h e b u i l d i n g  sect o r i s o n e o f t h e mai n  re-
sp o n si b l e o f t h e en v i ro n men t al  b u rd en s esp eci al l y  d u ri n g  i t s l i fesp an .  T h i s i ssu e i s t ru e,  i n  p ar-
t i cu l ar,  i n  t h e It al i an  co n t ex t  wh ere mo st  o f t h e ex i st i n g  b u i l d i n g s are g en eral l y  o u t  o f d at e an d  
n o t  fi t  t o  mi n i mi ze t h e en erg y  co n su me.  
On  t h ese assu mp t i o n s,  ad o p t i n g  t h e Desi g n  b y  Co mp o n en t s (Db C) ap p ro ach ,  wh i ch  h as b een  
co n cei v ed  at  DIP RADI fo r d ev el o p i n g  en v i ro n men t al -f ri en d l y  i n d u st ri al  p ro d u ct s,  t h e st u d y  i s 
g o i n g  t o  t ran sfer t h i s ap p ro ach  al so  i n  t h e b u i l d i n g  sect o r i n  o rd er t o  d emo n st rat e t h at  recu rri n g  
o n  su st ai n ab l e co mp o n en t s mai n t en an ce an d  rep l acemen t  i s a d i rect  st rat eg y  fo r i mp ro v i n g  t h e 
en v i ro n men t al  p erfo rman ces o f b u i l d i n g  l i fesp an  an d  at  t h e same t i me i t  i s i n d i rect  way  fo r i m-
p ro v i n g  t h e en v i ro n men t al  p erfo rman ces o f b u i l d i n g  l i fe cy cl e.  
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 an d  t h e i n fl u en ce o f t h e su st ai n ab i l i t y  an d  zero  en erg y  p ri n ci p l es i n  t h ese act i v i t i es i n  t h e It al i an  
co n t ex t .  
No wad ay s t h e ex i st i n g  b u i l d i n g s can  b e co n si d ered  as o n e o f t h e mo st  resp o n si b l e fo r re-
so u rce co n su mp t i o n  an d  en v i ro n men t al  i mp act s.  T h erefo re t h e mai n  su st ai n ab i l i t y  g o al s su ch  as 
t h e mi n i mi sat i o n  o f reso u rces co n su mp t i o n  (mat eri al s an d  en erg y ) an d  t h e red u ct i o n  o f emi s-
si o n s i n t o  t h e en v i ro n men t  (so l i d  wast e,  ai r an d  l i q u i d  emi ssi o n s) al o n g  t h e p ro d u ct  l i fe cy cl e 
h av e t o  b e t ran sl at ed  al so  i n  t h e b u i l d i n g  sect o r.   
T h i s i ssu e i s t ru e i n  p art i cu l ar i n  t h e It al i an  co n t ex t  wh ere t h e mo st  ex i st i n g  co n st ru ct i o n s are 
g en eral l y  o u t  o f d at e an d  are mad e o f mat eri al s an d  t ech n o l o g i cal  sy st ems wh i ch  are n o t  fi t  t o  
mi n i mi ze h eat  l o sses i n  t h e wi n t er an d  o v erh eat i n g  i n  t h e su mmer wi t h  a co n seq u en t l y  h i g h  en -
erg y  co n su mp t i o n  fo r t h e h eat i n g  an d  ai r co n d i t i o n i n g  p l an t s .  As i n d i cat ed  i n  a CRE S M E  
(Cen t ro  Ri cerch e E co n o mi ch e e S o ci al i  d i  M ercat o  p er l ’ E d i l i zi a) Rep o rt  o f 2 0 0 6 ,  i f 4 0  y ears i s 
assu med  as t h e cri t i cal  ag e o f a b u i l d i n g  wh en  co u l d  b e i d en t i fi ed  an  h i g h  l ev el  o f o b so l escen ce 
o f b u i l d i n g  t ech n i cal  p l an t s an d  co mp o n en t s,  i t  wi l l  b e p o ssi b l e t o  est i mat e t h at  i n  2 0 2 0  mo re 
t h an  8 0 % o f t h e It al i an  real  est at e wi l l  b e o u t  o f d at e.  S p eci fi cal l y  i n  t h e real  est at e are i n cl u d ed  
t h e fo l l o wi n g  k i n d  o f b u i l d i n g s su ch  as b l o ck  o f fl at s,  o ffi ce b l o ck  an d  sch o o l  b u i l d i n g s wh i ch  
are g en eral l y  b u i l t  o f a co n cret e framewo rk  wi t h  a b u i l d i n g  en v el o p e mad e o f b ri ck s o r p re-
co n cret e p an el s.  
As a co n seq u en ces t h e It al i an  L eg i sl at i v e Decree (at  n at i o n al  an d  reg i o n al  l ev el s) h as i mp l e-
men t ed  t h e E u ro p ean  Di rect i v e (2 0 0 2 / 9 1 / CE ) wi t h  t h e ad o p t i o n  o f b u i l d i n g  en erg y  l ab el s fo r 
i mp ro v i n g  t h e eco -effi ci en cy  l ev el  o f b u i l d i n g s d u ri n g  t h ei r l i fe sp an ,  as i t  i s fo r t h e en erg y  l ab el  
i n  el ect ro n i c an d  el ect ri cal  eq u i p men t .  
At  t h e same t i me i n  o u r co u n t ry  i n  o rd er t o  face a p ro g ressi v e o b so l escen ce o f t h e b u i l d i n g  
st o ck  i n  co n j u n ct i o n  wi t h  a co n t ract i o n  o f t h e n ew b u i l d i n g  mark et  (d u e t o  a h i g h  rat e o f co n -
st ru ct ed  an d  t h e co n si d erab l e co st s o f n ew b u i l d i n g s) i t  i s p o ssi b l e t o  u n d erl i n e t h at  ren o v at i o n  
an d  mai n t en an ce act i v i t i es an d  cu l t u res h av e b een  p l ay i n g  a cen t ral  ro l e o v er t h e y ears wi t h  an  
ev o l u t i o n  fro m b ei n g  si mp l e rep ai r wo rk s,  wh en  t h e d amag e h as al read y  h ap p en ed ,  t o  a sy st em 
o f p rev en t i v e an d  p l an n ed  act i v i t i es ai med  at  p reserv i n g  t h e q u al i t y  p erfo rman ces an d  t h e eco -
n o mi c v al u e o f b u i l d i n g s i n  t i me.  As a co n seq u en ces t h e mai n t en an ce p ro ced u re h av e b een  
g rad u al l y  u n d ert ak en  as a serv i ce st rat eg y  an d  n ew ad v an ced  real  est at e man ag emen t  co mp an i es 
h av e ari sen  i n  t h e p ro p ert y  mark et  wi t h  an  i n crease o f t h e ren o v at i o n  i n v est men t s.  T h ese co m-
p an i es h av e sp eci al i sed  i n  b u i l d i n g  o r i n  faci l i t y  man ag emen t  serv i ces wh en  t h e b u i l d i n g  i s i n  
u sag e p h ase.  
In  rel at i o n  t o  t h i s co n t ex t ,  fro m a su st ai n ab l e p o i n t  o f v i ew al o n g  wi t h  a L i fe Cy cl e T h i n k i n g  
Ap p ro ach ,  a su i t ab l e b u i l d i n g  mai n t en an ce reg i me can  b e an  i n d i rect  st rat eg y  fo r reach i n g  su s-
t ai n ab i l i t y  g o al s,  b ecau se i t  ex t en d s t h e o p erat i n g  l i fet i me o f a b u i l d i n g ,  t h ereb y  p o st p o n i n g  t h e 
t i me o f i t s en d  o f l i fe (i n cl u d i n g  i t s d emo l i t i o n  an d  t h e fo l l o wi n g  wast e p ro d u ct i o n  an d  d i s-
p o sal ),  an d  at  t h e same t i me d eferri n g  t h e co n su mp t i o n  o f n ew reso u rces fo r t h e co n st ru ct i o n  o f 
a n ew o n e.  Ho wev er,  i f eco -effi ci en cy  i s real l y  t h e mai n  i ssu e,  t h ese mai n t en an ce an d  ren o v a-
t i o n  act i v i t i es d o  n o t  h av e t o  fo cu s ex cl u si v el y  o n  t h e p reserv at i o n  o f t h e cu rren t  q u al i t y ,  b u t  
al so  o n  t h e i mp ro v emen t  o f t h e en erg et i c an d  en v i ro n men t al  p erfo rman ces d u ri n g  t h e b u i l d i n g  
l i fe sp an .  In  t h i s way ,  t h e ren o v at i o n / remo v al  o p erat i o n  co mp l y i n g  wi t h  a h i g h  l ev el  o f eco -
effi ci en cy  co u l d  b e t h e ri g h t  so l u t i o n  t o  i mp ro v e t h e b u i l d i n g  en v i ro n men t al  p erfo rman ces n o t  
j u st  d u ri n g  i t s l i fet i me b u t  al o n g  t h e wh o l e b u i l d i n g  l i fe cy cl e.   
As a resu l t ,  we can  co n cl u d e t h at  t h e mai n  “scen ari o ” o f t h i s research  h as b een  t h e ex i st i n g  
en erg y  co n su mi n g  b u i l d i n g s an d  t h e co rrel at ed  mai n t en an ce an d  ren o v at i o n  act i v i t i es wi t h  t h e 
co mp o n en t s rep l acemen t  fo r i mp ro v i n g  t h ei r en erg et i c p erfo rman ces d u ri n g  t h e wi n t er an d  
su mmer seaso n .  
3  IDE NT IF ICAT ION OF  COM M ON W E AK P OINT S  INT O T HE  E XIS T ING BUIL DINGS  
F o l l o wi n g  t h i s b ack g ro u n d  an al y si s,  t h e research  h as b een  carri ed  o u t  t h ro u g h  t h e an al y si s o f 
sev eral  t h ermal  i mag i n g  su rv ey s o n  ex i st i n g  b u i l d i n g s i n  o rd er t o  i d en t i fy  t h e co mmo n  weak  
p o i n t s (b u i l d i n g  co mp o n en t s o r su b p art s) wh ere h eat  l o sses are u n u su al . 
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T h e In frared  T h ermo g rap h y  i s a n o n -i n v asi v e d i ag n o si s t ech n i q u e,  t h an k s t o  wh i ch  i t  i s p o ssi b l e 
t o  d et ect  t h e rad i at i o n s o f an  o b j ect  i n  t h e i n frared  ran g e o f t h e el ect ro mag n et i c sp ect ru m an d  
p ro d u ce i mag es o f i t s rad i at i o n .  Usi n g  t h i s t ech n i q u e fo r t h e b u i l d i n g  an al y si s i t  i s p o ssi b l e t o  
d et ect i n g  t h e emi ssi v i t y  an d  t h e t emp erat u re v ari at i o n s l i n k ed  t o  t h e mat eri al s o f t h e b u i l d i n g  
co mp o n en t s an d  st ru ct u res an d  i d en t i fy i n g  an o mal i es i n  t emp erat u re d i st ri b u t i o n .  T h ese 
an o mal i es g en eral l y  mark  so me p ro b l ems wh i ch  p rej u d i ce t h e t ran smi t t an ce  p erfo rman ces o f t h e 
b u i l d i n g  en v el o p e.  No wad ay s t h i s t ech n i q u e i n  u sed  i n  t h e b u i l d i n g  an al y si s i n  o rd er t o  i d en t i fy  
t h e h eat  b ri d g es o f t h e st ru ct u res an d  en v el o p e,  v eri fy  t h e reg u l ar fu n ct i o n i n g  (wo rk i n g ) o f wal l  
t h ermal  i n su l at i o n ,  ch eck  b reak d o wn s (d amag ed  o r fai l u re) o f el ect ri cal ,  p l u mb i n g  an d  h eat i n g  
sy st ems an d  i d en t i fy  d amp  i n fi l t rat i o n  i n  t h e b u i l d i n g  en v el o p e.  In  o t h er wo rd s t h e 4  mai n  fac-
t o rs wh i ch  can  b e co mp ro mi se t h e b u i l d i n g  t ran smi t t an ce p erfo rman ces.  
T h an k s t o  t h e read i n g  o n  sev eral  t h ermal  i mag i n g  o f  ex i st i n g  b u i l d i n g s,  t h e research  h as b een  
ab l e t o  i d en t i fy  t h e recu rri n g  weak  p o i n t s co rresp o n d i n g  t o  t h e fo l l o wi n g  b u i l d i n g  co mp o n en t s 
o r p art s (F i g u re 1 ):  p art  o f t h e ex t ern al  wal l  u n d er/ o v er wi n d o ws,  wi n d o ws an d  d o o rs (i n cl u d i n g  
l ed g es,  fast en ers,  sh u t t ers an d  frames i n t eg rat ed  i n t o  t h e wal l ),  d rai n  g u t t ers an d  p i p es o f t h e 
rai n wat er co l l ect i o n  sy st em,  ro o f l ed g es an d  st ri n g -co u rse b an d s,  b al co n i es an d  t erraces,  i n t ern al  
co n n ect i o n s b et ween  wal l s an d  at t i cs,  smo k est ack s co n n ect ed  t o  t h e h eat i n g  sy st em.   
 
T h ese i d en t i fi ed  p o i n t s are co i n ci d en t  wi t h  wi n t er h eat  b ri d g e l o sses an d  wi t h  t h e way  b y  wh i ch  
t h e h eat  g o  i n si d e easi l y  wi t h  a co n seq u en ce o v erh eat i n g  o f t h e ro o ms d u ri n g  t h e su mmer.  In  
o t h er wo rd s,  t h ese are b u i l d i n g  co mp o n en t s wh ere t h e t ran smi t t an ce p erfo rman ces are co mp ro -
mi sed  b y  co n st ru ct i o n  mi st ak es o r b y b u i l d i n g  mat eri al s su b j ect  t o  wear (d amag ed  o r i n su ffi ci en t  
i n su l at i o n  l ay er,  wo rn  o u t  wi n d o w frame g ask et s).  
As a resu l t ,  t h ese cri t i cal  b u i l d i n g  co mp o n en t s/ p ar t s wi l l  b e t h e sp eci fi c o b j ect s o f st u d y  an d  
d esi g n  act i v i t i es o f t h e research  i n  t h e fo l l o wi n g  p h ases.  
4  ADOP T ION OF  DE S IGN BY COM P ONE NT S  M E T HODOL OGY F OR OUT L INING 
INNOVAT IVE  BUIL DING COM P ONE NT S  AND S OL UT IONS   
Aft er a cl o se an al y si s o f t h ese weak  p o i n t s st ressi n g  t h e recu rri n g  p ro b l ems fo r each  sel ect ed  
el emen t ,  t h e t rad i t i o n al  an d  en v i ro n men t al  req u i remen t s t o  b e met ,  t h e mo st  co mmo n  
mai n t en an ce o r rep l acemen t  act i v i t i es,  i n  t h i s research  i t  h as b een  fi n al l y  p o ssi b l e t o  set  n ew 
req u i remen t s fo r each  el emen t s n o t  j u st  reg ard i n g  en erg y  effi ci en cy ,  b u t  al so  i n  fav o r o f t h e 
i n h ab i t an t s wel l -b ei n g  b y  t h e ad o p t i o n  o f t h e Desi g n  b y  Co mp o n en t s.  
4 . 1  Design by Components 
Desi g n  b y  Co mp o n en t s (Db C) i s a met h o d o l o g y  t h at  was d ev el o p ed  at  DIP RADI Dep art men t  i n  
o rd er t o  d esi g n  real l y  i n n o v at i v e an d  en v i ro n men t al l y -fri en d l y  p ro d u ct s,  wh ere t h e man  i s at  t h e 
cen t re o f t h e p ro j ect  (F i g u re 2 ).   
By  ad o p t i n g  t h i s met h o d ,  t h e d esi g n  p at h way  st art s fro m a cri t i cal  an al y si s wh ere t h e p ro d u ct  
i s d i sman t l ed  (co n cret el y  o r ab st ract l y ) so  as t o  b et t er u n d erst an d  i t s co n st i t u en t  p art s (b o t h  ma-
t eri al s an d  co mp o n en t s).  A fo l l o w-u p  an al y si s i s t h en  carri ed  o u t ,  i n cl u d i n g  sev eral  k i n d  o f 
an al y si s an d  sch eme i n  o rd er t o  o b t ai n  an  essen t i al  sch eme o f t h e o b j ect  u n d er st u d y .   
S p eci fi cal l y  t h e Db C ap p ro ach  h as b een  co n cei v ed  t h ro u g h  su b seq u en t  an al y si s an d  ab st rac-
t i o n s su ch  a s:  t h e macro -co mp o n en t s an d  co mp o n en t s sch eme,  t h e fu n ct i o n al  sch eme ex p l ai n i n g  
t h e rel at i o n  b et ween  t h e co mp o si t i o n  an d  t h e fu n ct i o n al i t y  o f t h e o b j ect  u n d er st u d y ,  t h e an al y -
si s o f t h e co rresp o n d en ce b et ween  i t s fu n ct i o n  an d  sh ap e,  a i t s sen so ry  an d  p ercep t u al  sch eme,  a 
co mp o n en t s l i fet i me sch eme i l l u st rat i n g  t h e p ri n ci p l e rep l acemen t  an d  mai n t en an ce act i v i t i es o f 
F ig u r e 1 .  Co mmo n  h eat b r id g es co r r esp o n d in g  to  b u ild in g  co mp o n en ts o r  p ar ts 
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t h e d i fferen t  co mp o n en t s,  an  an al y si s o f emo t i o n al  rel at i o n sh i p  b et ween  t h e u ser an d  t h e o b j ect  
an d  a b ack g ro u n d  an al y si s o f t h e o t h er si mi l ar p ro d u ct s wi t h  t h e same fu n ct i o n .  T h an k s t o  t h ese 
sev eral  an al y si s sch emes,  an  essen t i al  sch eme o f t h e st u d i ed  o b j ect  h as b een  ach i ev ed  b y  wh i ch  
d efi n i n g  t h e p ro j ect  n eed s o f a n ew p ro d u ct .  
Ad o p t i n g  an  h o l i st i c p o i n t  o f v i ew,  as su g g est ed  b y  t h e Db C,  wi t h  t h ese sev eral  st u d i es an d  
an al y si s t h e d esi g n ers are ab l e t o  u n d erst an d  mu t u al  rel at i o n sh i p  b et ween  t h e mai n  fu n ct i o n al  
g ro u p s an d  t o  d efi n e t h e essen t i al  sch eme i n  o rd er t o  p o i n t  o u t  t h e p ro b l ems an d  st ren g t h s,  
p ri o ri t i es an d  emerg en ci es an d  co n seq u en t l y  t o  i d en t i fy  t h e d i fferen t  g ro u p s o f p ro b l ems t o  b e 
t ack l ed .   
As a resu l t  fro m t h i s an al y si s p ro cess o f t h e p ro d u ct ,  wh i ch  i s n o t  l i n ear,  b u t  st art s fro m t h e 
d efi n i t i o n  o f a co mp l ex  rel at i o n al  scen ari o ,  i t  co u l d  b e p o ssi b l e d efi n e t h e mai n  g u i d el i n es an d  
t h e su b seq u en t  n eed s an d  req u i remen t s sy st em wh i ch  h av e t o  b e sat i sfy  i n  t h e d ev el o p men t  o f 
n ew co n cep t s fo r t h e n ew p ro d u ct  i n  t h e fo l l o wi n g  p l an n i n g  p ro cess p h ases o f t h e d esi g n  
p at h way .  
In  t h e same way  i t  i s p o ssi b l e t h e ad o p t i o n  o f t h e Db C ap p ro ach  i n t o  t h e b u i l d i n g  d esi g n  
p ro cess b ecau se al so  i n  t h i s co n t ex t  t h e p l an n i n g  an d  d esi g n i n g  p ro cess req u i res t o  o u t l i n e an  
an swer t h ro u g h  a p ro cess,  n o t  n ecessari l y  l i n ear o n e,  b u t  wh i ch  st art s fro m t h e d efi n i t i o n  o f a 
co mp l ex  rel at i o n al  scen ari o ,  as i t  i s mad e fo r an  i n d u st ri al  p ro d u ct ,  co n cern i n g  t h e sp eci fi c rel a-
t i o n sh i p s i n v o l v ed  i n  t h e t h emat i c area we are g o i n g  t o  act  i n .  
As i t  was sai d  b efo re,  t h e Db C can  b e t ran smi t t ed  b ecau se i t  i s b ased  o n  a n ew co n si d erat i o n  
i mp l y i n g  t h a t  t h e ex i st i n g  h o u ses an d  t h ei r co mp o n en t s are eq u al  t o  an y  o t h er so p h i st i cat ed  seri -
al  p ro d u ct .  T h ey  are t h erefo re reg ard ed  as co mp l ex  sy st ems,  wh i ch  are d eco mp o sab l e i n t o  fu n c-
t i o n al  an d  t h en  essen t i al  sch emes,  t o  b e an al y zed  aft erward s u si n g  t h e same met h o d o l o g y  
ad o p t ed  fo r t h e i n d u st ri al  p ro d u ct .  Co n seq u en t l y  t h e arch i t ect s wi l l  b e ab l e,  as d esi g n ers d o ,  t o  
o u t l i n e n ew co n cep t s t h at  ex emp l i fy  t h e o b j ect i v es t h at  t h e fo l l o wi n g  p l an n i n g  p ro cess p h ases 
wi l l  fo cu s o n .   
F o r t h i s reaso n ,  t h i s research  co u l d  b e an  o p p o rt u n i t y  t o  p u t  i n t o  p ract i ce i n t o  an d  t est  t h e  
Db C met h o d  i n  o rd er t o  ach i ev e p l an n i n g  an d  d esi g n i n g  so l u t i o n s fo r t h e sel ect ed  weak  p o i n t s 
i n  a b u i l d i n g  st ru ct u re an d  en v el o p e,  as i d en t i fi ed  b efo re.  
4 . 2  Application of DbC to the selected building components 
S i n ce t h e mai n  g o al  o f t h i s research  i s t h e re-co n si d erat i o n  o f t h ese p ro b l emat i c 
p art s/ co mp o n en t s fo cu si n g  o n  su st ai n ab l e mai n t en an ce act i v i t i es,  as su g g est ed  b y  Db C,  t h e 
mo st  i mp o rt an t  req u i remen t s t h at  d esi g n  co n cep t s sh o u l d  meet  are so l u t i o n s ab l e t o  b e p ro d u ced  
F ig u r e 2 .  D esig n  b y Co mp o n en ts ( D b C)  sch eme 
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o u t si d e t h e b u i l d i n g  si t e,  t h en  i n st al l ed  i n  t h e mo st  easi l y  an d  fast en  way ,  wi t h o u t  i n v asi v e o r 
d est ru ct i v e i n t erv en t i o n s o n  t h e d i fferen t  b u i l d i n g s st ru ct u re an d  wal l s.  
T h e resp ect  o f t h ese req u i remen t s wi l l  n o t  b e p o ssi b l e fo r al l  i d en t i fi ed  cri t i cal  b u i l d i n g  p art s 
b ecau se el emen t s su ch  as b al co n i es an d  t erraces,  ro o f l ed g es an d  st ri n g -co u rse b an d s an d  t h e i n -
t ern al  co n n ect i n g  ed g e b et ween  wal l s an d  at t i cs req u i re i n v asi v e i n t erv en t i o n s o n  t h e b u i l d i n g  
st ru ct u re wh i ch  are p o ssi b l e i n  case o f wh o l e b u i l d i n g  ren o v at i o n / reco n st ru ct i o n  o r n ew b u i l d -
i n g  co n st ru ct i o n s.  As a resu l t  fo r t h ese weak  p o i n t s i t  co u l d  b e p o ssi b l e o n l y  t o  d efi n e g u i d el i n es 
u sefu l  i n  case o f t h ese i n v asi v e wo rk s.  
W h i l e b u i l d i n g  p art s su ch  as ex t ern al  wal l s p art s (u n d er/ o v er t h e wi n d o w),  wi n d o ws an d  
d o o rs (i n cl u d i n g  l ed g es,  fast en ers,  sh u t t ers an d  frames i n t eg rat ed  i n t o  t h e wal l ),  d rai n  g u t t ers 
an d  p i p es o f t h e rai n wat er co l l ect i o n  sy st em an d  t h e smo k est ack s o f t h e h eat i n g  sy st em co u l d  b e 
t ack l ed  u si n g  t h i s met h o d ,  as i t  wi l l  b e ex p l ai n ed  i n  t h e fo l l o wi n g  p arag rap h s.  
4 . 3  The wall under/over the window: an application of DbC for designing innovative solu-
tions 
Acco rd i n g  t o  t h e Db C met h o d o l o g y ,  t h e fi rst  st ep  o f t h e d esi g n  p at h way  i s t h e i d en t i fi cat i o n  
o f t h e mai n  p ro b l ems o f t h i s b u i l d i n g  p art  wh i ch  co mp ro mi ses t h e en erg et i c p erfo rman ce o f t h e 
wh o l e b u i l d i n g  an d  t h e i n t ern al  i n h ab i t an t  wel l -b ei n g  as wel l  an d  an  an al y si s o f t h e req u i re-
men t s ab l e t o  g at h er t h e mai n  fu n ct i o n  o f t h i s el emen t s.  
F ig u r e 3 : Ex amp le o f  f u n ctio n al sch eme co n cer n in g  th e in co r p o r ated  co mp o n en ts  
an d  th e h eat tr an sf er  an d  ex ch an g e f u n ctio n ality 
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S p eci fi cal l y  t h e mai n  p ro b l ems recu rri n g  o n  t h i s b u i l d i n g  p o rt i o n  are:   
– h eat  l o ss b ri d g e i n  t h e area o f t h e ro l l i n g  sh u t t ers b o x  an d  i n  t h e wal l  p o rt i o n  u n d er t h e 
wi n d o w,  wh ere t h e wal l  h as a red u ced  t h i ck n ess g en eral l y  i n  co n j u n ct i o n  o f an  i n su ffi ci en t  
t h ermal  i n su l at i o n  l ay er,   
– co l d  ai r i n fi l t rat i o n  an d  h o t  ai r l o sses t h ro u g h  t h e wi n d o ws frame d u e t o  ai r t i g h t n ess o f 
g ask et s i n  t h e wi n d o ws frame  
– d amp  i n fi l t rat i o n  d u e t o  at mo sp h eri c el emen t s an d  co n seq u en t l y  b u i l d i n g  u p  o f co n d en sa-
t i o n  i n si d e t h e wal l  mat eri al s,  are t h e mai n  u n d erl i n ed  p ro b l ems.  
Co n cern i n g  t h e mai n  fu n ct i o n  o f b u i l d i n g  p o rt i o n  su ch  as sep arat i n g  i n t eri o rs fro m t h e o u t -
si d e el emen t s an d  at  t h e same t i me en su ri n g  a fi x i n g  t emp erat u re an d  a g o o d  l ev el  o f t h ermal  i n -
ert i a i n  t h e i n t eri o rs (d u ri n g  t h e wi n t er an d  su mmer seaso n s),  sev eral  req u i remen t s h av e b een  
sat i sfi ed  fo r g at h eri n g  t h i s fu n ct i o n  su ch  as:  safet y ,  u sab i l i t y ,  h eal t h i n ess,  p ercep t u al  co mfo rt ,  
b u i l d i n g  l i fe cy cl e man ag emen t  an d  i n h ab i t an t s wel l -b ei n g .  T h e l ast  t wo  p o i n t s,  b u i l d i n g  l i fe 
cy cl e man ag emen t  an d  i n h ab i t an t s wel l -b ei n g ,  h av e t h e mo st  i n fl u en ce o n  t h e b u i l d i n g  eco -
effi ci en cy  p erfo rman ces.  
Aft er t h ese p rel i mi n ary  an al y si s,  t h e n ex t  p h ase o f d esi g n  p ro cess,  fro m an  ab st ract  p o i n t  o f 
v i ew,  i s t h e d i sman t l i n g  o f t h e b u i l d i n g  en v el o p e wh i ch  i n v o l v e t h i s weak  p o i n t ,  i n  o rd er t o  b et -
t er u n d erst an d  i t s co n st i t u en t s:  b u i l d i n g  macro -co mp o n en t s an d  p ro d u ct  wh ere t o  co n cen t rat e 
t h e p ro j ect  p ro p o sal s an d  at t en t i o n .  
In  t h i s way  we can  i d en t i fy  t h ree mai n  macro -co mp o n en t s:  t h e wal l  u n d er t h e wi n d o w,  wh ere 
g en eral l y  a h eat er i s l o cat ed ,  t h e wi n d o w frame an d  t h e ro l l i n g  sh u t t ers b o x .   
Co n cern i n g  t h e fi rst  macro -co mp o n en t ,  t h e wal l  u n d er t h e wi n d o w,  i t  i s p o ssi b l e t o  p i n p o i n t  
so me fu n ct i o n al  g ro u p s an d  t h e sy st em o f mu t u al  rel at i o n sh i p s wh i ch  wi l l  i n fl u en ce t h e p erfo r-
man ces an d  t h e fu n ct i o n al i t y  o f t h i s macro -co mp o n en t  (F i g u re 3 ).  
T h erefo re t h e research  p ro j ect  h as i n v est i g at ed  t h ese rel at i o n sh i p s b et ween  t h e mai n  co mp o -
n en t s b y  mean s o f v ari o u s sch emes wh i ch  i n v est i g at e asp ect s su ch  as:  t h e ex p ressi v e feat u res o f 
t h e d i fferen t  k i n d s o f ex i st i n g  h eat ers an d  t h e cu r ren t  t ren d s i n t o  d esi g n i n g  n ew h eat ers,  t h e d i f-
feren t  way s h eat ers co n n ect  t o  t h e h o t  wat er cen t ral  h eat i n g  sy st em,  t h e o p erat i n g  mo d es o f h eat  
F ig u r e 4 .  Emer g in g  cr itical situ atio n  d er iv ed  f r o m th e an alysis o f  th e d if f er en t f u n ctio n al sch emes  
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t ran sfer an d  ex ch an g e o f a t rad i t i o n al  h eat er (F i g u re 3 ),  t h e an al y si s o f t h e h o t  ai r co n v ect i v e 
ci rcu l at i o n  i n  a ro o m an d  t h e co n seq u en t l y  t emp erat u re d i st ri b u t i o n  i n  fu n ct i o n  o f t h e d i fferen t  
h eat er p o si t i o n s i n  t h e ro o m,  t h e met h o d  t o  cal cu l at e t h e h eat  o u t p u t  p o wer o f h eat ers,  t h e l i fe-
sp an  o f t h e p art s co mp o si n g  t h i s macro -co mp o n en t  wi t h  an  i n d i cat i o n  o f t h e d i fferen t  k i n d s o f 
mai n t en an ce act i v i t i es t o  k eep  i t  fu n ct i o n al .   
T h an k s t o  t h e o b j ect  an al y si s carri ed  o u t  t h ro u g h  t h ese fu n ct i o n al  sch emes,  we are ab l e t o  
i d en t i fy  t h e mu t u al  rel at i o n sh i p  b et ween  i t s p art s an d  t h en  st ress t h e mai n  cri t i cal  si t u at i o n s b y  
o u t l i n i n g  n ew co n cep t s fo r an  i n n o v at i v e b u i l d i n g  co mp o n en t .   
In  t h i s case t h e emerg i n g  cri t i cal  si t u at i o n s (F i g u re 4 ),  are rel at ed  t h ree g ro u p s o f cri t i cal  fac-
t o rs rel at ed  t o :  
– h eat  l o ss b ri d g e an d  en erg y  co n su mp t i o n ,  su ch  as t h e red u ced  t h i ck n ess o f t h e wal l ,  t h e p res-
en ce o f h o l es i n  t h e wal l s,  an  i n su ffi ci en t  t h ermal  l ay er an d  so  o n ,  wh i ch  i n fl u en ce t h e wh o l e 
b u i l d i n g  eco -effi ci en cy  d u ri n g  i t s l i fesp an ;  
– n eg at i v e effect s o n  i n t eri o r co mfo rt ,  su ch  as t h e d u st  d ep o si t i o n  an d  sp read  i n  t h e ro o m an d  
o t h ers,  wh i ch  i n fl u en ce i n h ab i t an t s wel l -b ei n g ;  
– asp ect s co mp ro mi si n g  t h e b u i l d i n g  fu n ct i o n al i t y ,  wh i ch  wi l l  i n fl u en ce t h e mai n t en an ce ac-
t i v i t i es.  
S t art i n g  fro m t h i s i d en t i fi cat i o n  o f t h e emerg i n g  cri t i cal  si t u at i o n s,  b y  t h e ad o p t i o n  o f Db C 
we are ab l e t o  d efi n e a n eed  an d  req u i remen t s sy st em,  wh i ch  h av e b een  met  d u ri n g  t h e d esi g n  
p ro cess o f a n ew co mp o n en t .  F ro m each  i d en t i fi ed  n eed  d eri v ed  d i fferen t  g u i d el i n es an d  so l u -
t i o n s fo r t h ese sp eci fi c p o i n t  (wal l  u n d er t h e wi n d o w) (F i g u re 6 ).  
F ig u r e 5 .  Main  n eed s,  r eq u ir emen ts an d  f o llo w in g  g u id elin e th at sh o u ld  b e satisf y d u r in g  th e p lan n in g  
p r o cess elab o r ated  as su g g ested  b y th e D b C ap p r o ach .  
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In  t h i s way ,  o n  t h e b asi s o f n eed s sy st em el ab o rat ed  as su g g est ed  b y  Db C,  at  t h e p resen t  t h e re-
search  i s fo cu si n g  o n  o u t l i n i n g  n ew co n cep t s fo r an  i n n o v at i v e b u i l d i n g  el emen t s ab l e t o  so l v e 
t h ese n eed s an d  i n  co n cl u si o n  co mb i n i n g  t h e su st ai n ab i l i t y  an d  mai n t en an ce n eed s (F i g u re 6 ).  
5  CONCL US IONS  
As a resu l t ,  ad o p t i n g  t h e Desi g n  b y  Co mp o n en t s met h o d o l o g y  i t  h as b een  p o ssi b l e d efi n i n g  
t h e fami l i es t h at  t h e p rev i o u sl y  o u t l i n ed  o b j ect i v es are b o u n d  t o ,  an d  t h en  aft er t h e an al y si s o v er 
t h ei r n at u re an d  mu t u al  rel at i o n sh i p s,  t h e arch i t ect  wi l l  fi n al l y  ch o o se t h e mo st  ap p ro p ri at e me-
t a-p l an n i n g  co n fi g u rat i o n  an d  face p l an n i n g  d efi n i t i o n  an d  ex ecu t i o n  p h ases.  
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1 GENERAL INTRODUCTION 
This section of the paper is aiming to provide general information about lighting design in 
Architecture with a particular focus on daylighting, energy efficiency, people and workplaces. 
1.1 Lighting Design in Architecture 
Using natural light has always been a desirable building feature and a hallmark of a good 
design. With a considerable design, daylight creates an ambience of well being and visual 
comfort. Daylighting design has recently taken up a role among the whole design process, 
beyond the aesthetic and psychological aspects, with the sustainability and the energy 
efficiency. The alternative to daylighting is the use artificial lighting in workplaces in buildings 
however there is a significant amount of energy use when compared with the consumption 
levels in residential buildings. 
The workplaces built-in various buildings such as open plan and traditional offices, industrial 
and educational buildings including library buildings. Today, in modern libraries, the main 
purpose is no longer limited with reading, but also incorporated widely with IT based 
workplaces, which makes the main function very similar to most office buildings. In such cases, 
lighting design therefore should be considered more like in offices rather than in traditional 
libraries. 
Daylighting in buildings do not necessarily lead to energy efficiency. Even well daylit 
buildings may have high energy usage if artificial lighting is constantly on due to improper 
controls in place. Lighting should be switched on only when required and to the level require 
and therefore, the integration of daylighting and artificial lighting requires considerable 
planning including the appropriate choice of light source, easy controls and a strategy for 
energy efficiency. 
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ABSTRACT: Using natural light has always been a desirable building feature and a hallmark of 
a good design. With a considerable design, daylight creates an ambience of well being and 
visual comfort. Daylighting design has recently taken up a role among the whole design 
process, beyond the aesthetic and psychological aspects, with the sustainability and the energy 
efficiency. The alternative to daylighting is to use artificial lighting in workplaces in buildings; 
however there is a significant amount of energy use when compared with the consumption 
levels in residential buildings. The paper focuses on a recently completed modern library 
building in Sheffield, UK and examines its open plan offices in connection with lighting design 
in workplaces. Effective use of daylight in such a modern library design is both an art and a 
science. The aim of this study is to present the principle concepts of lighting design used for the 
workplaces and a case study to demonstrate if a modern library building is fulfilling some of 
the lighting design guidelines, and to discuss the findings of the preliminary lighting analysis. 
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1.2 People, Lighting and Workplaces 
Whether in industrial or office settings, proper lighting makes all work tasks much easier. 
People receive about 85% of their information through their sense of sight. Appropriate 
lighting, without glare or shadows, can reduce eye fatigue and headaches. It also reduces the 
chance of accidents and injuries from ‘momentary blindness’ while the eyes adjust to brighter 
or darker surroundings. Millions of people spend a significantly large part of their lives 
working or studying, and lighting is provided at their workplaces to ensure that they can see to 
do their work quickly, accurately and easily. Therefore, people’s satisfaction is an important 
factor when it comes for lighting design in workplaces. 
The studies completed by Weston in 1945 have served to demonstrate the general form of the 
relationship between lighting conditions, task characteristics and visual performance. 
Accordingly, luminance level and task can form a link to each other so as to determine the work 
condition. People rarely change the task when working, like the size and contrast of the print. In 
another words, luminance level is a key point for working efficiency. Improving illuminance 
levels can enhance working efficient, but this is easy to get its ‘saturation’ (Weston, 1945). 
With regards to daylight requirements, the luminance level is not enough for working 
situation, light quality is more important for human being. Lighting quality can be the 
brightness contrast, potential for glare, and colour rendered. Ignoring quality always reduce 
visual performance so as to reduce the productivity. Normally, natural light is considered with 
the best quality. The fact that daylight is desired can be shown by quite a few evidences. From 
research, comes the fact that almost any study which asks office workers about which light 
source they would like to illuminate their work area reveals a strong preference for daylight; or 
occupied worked near windows have higher production compare with the ones sitting further of 
the window (Cuttle, 1983). 
Given that daylight appears to be strongly desired by most people, it is reasonable to ask 
what happens when people are asked to work without daylight, while it is available outside. 
Observation of almost any multi-story office building will reveal that people are willing to give 
up daylight when it causes visual and thermal discomfort. Measurements of the use of window 
blinds in multi-story office buildings have shown two trends. The first is that window blinds are 
increasing to be shut down when the sunlight through the windows cause solar glare or extra. 
Another trends is that many of these blinds are kept down even after the sun has disappeared on 
the window; and this, in some areas, the blinds are left in the down position for ages, this 
probably because the eyes’ adoption and occupies lack of responsibility. These appearances 
suggest that the desire for daylight, or at least direct sunlight, is limited when it causes 
discomfort (Heerwagen and Orians 1986). 
People also tend to increase the amount of electric lighting as the increase amount of 
daylighting in the office. The cause of this behaviour might be the desire to balance the 
luminance of the window and working area; or the surfaces brightness near the window and 
deep in the room. It also implies that the whole light distribution in the room is more important 
than the purity of daylight (Begemann, 1994). Accordingly, this suggest that the reason why 
daylight is so desirable as a main part of lighting from the point of people’ satisfaction. This 
again implies that while considering the lighting design, people’ psychological requirement are 
important, even sometimes people can not realise this themselves. Potential behaviour should 
be considered while designing, or the certain devices and systems can not achieve the expected 
result. 
2 LIGHTING STUDIES IN A CASE STUDY BUILDING 
This section of the paper is dedicated for lighting analysis and the studies carried out using a 
case study of a modern library building in Sheffield, UK in order to demonstrate some of the 
principles behind lighting design in relation to daylighting analysis in workplaces. 
2.1 Using Ecotect Programme 
Special computer programmes can calculate the light quantity and light distribution, and with 
the required computing input, able to also simulate the quality of the light atmosphere. In this 
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study, the computer programme Ecotect is used for several lighting analysis focusing on 
Daylight Factor (DF) calculations. 
Ecotect is a comprehensive and innovative building environmental analysis tool with a vast 
range of functions to help understand how a building design will operate and perform. The 
geometry of a space is composed of a few simple basic volumes of any number and at every 
scale. Any shape can be produced at the required degree of detail. The programme uses sky 
models that are employed to represent the light source from each situation from different 
locations across the world. Ecotect offers a range of lighting analysis and whilst its main focus 
is on natural lighting analysis, it also performs some rudimentary artificial lighting design 
functions. For more comprehensive lighting analysis, it also allows the user to output native 
files to other lighting applications such as Radiance (Autodesk, 2009). 
Most natural lighting calculations are based on daylight factors. The Daylight Factor (DF) is 
simply a ratio of the daylight illuminance at a particular point within an enclosure to the 
simultaneous unobstructed outdoor illuminance, expressed as a percentage. Thus an 
unobstructed view of the sky would result in a 100% daylight factor. A point in the middle of a 
football pitch surrounded by stands may receive 70-80% whilst points in a room with only one 
window would receive considerably less, possibly as low as 1-5%. 
The programme uses the Building Research Establishment’s (BRE) Split-Flux methodology 
which is a widely recognised and very useful technique for calculating daylight factors. This 
method is based on the assumption that while ignoring direct sunlight, there are three separate 
components of the natural light that reaches any point inside a building; (1) Sky Component, 
(2) Externally Reflected Component and (3) Internally Reflected Component. 
Using the daylight factor methodology, it is also possible to calculate the illuminance levels 
at any time of the day, any day of the year. Thus, it is possible to determine how often each 
point will be above a certain value. This is known as ‘daylight autonomy’ and is given as the 
percentage of time throughout the year that each point will need no additional light to maintain 
the selected level. Sky illumination at any time is calculated using the diffuse sky formula 
proposed by Tregenza in 1989 (Tregenza, 1989). 
2.2 Information Commons – A Case Study Building 
The Information Commons (IC) building is located in the heart of the University of 
Sheffield’s urban campus. This 11,500 square metres building provides a 24/7 integrated 
learning environment for undergraduate and postgraduate students with 1,350 new study spaces 
where students can study individually or in groups, using print and electronic materials. It takes 
into account of current and future learning methods and technologies. 
The IC building was designed as a modern style library and delivered in 2 phases through a 
design and build procurement route, and was completed in April 2007 by RMJM Architects. 
The main concept demonstrates the University’s commitment to developing new styles of 
learning, teaching and research, and represents the biggest investment in learning support by the 
University since the opening of the Western Bank library in 1959, which was a traditional style 
library. 
The footprint of IC building is a simple ‘L’ shape - west and east facade is longer than south 
and north. There is a central atrium which is located in the centre along with the circulation 
area going through first to forth floor with the top light full spans the length of the roof. The 
ground floor includes the reception and service area, VDT screens on the searching table, 
combine with a cafe. The cafe behaves as a buffer zone separates the library inside form 
outside, avoid the disturbing from the main road, keep the service and searching area quite and 
clean. The store and learning area start from the first floor, with offices and double height 
conference room around the building. Natural light from the roof window penetrates to the 
atrium in the middle of the building.  
The building layout is arranged around a central rectangular atrium with open spaces located 
either side of atrium from second to forth floor. From the second to the third floor, the central 
atrium also separated the general learning space with VDT screens and quite study areas where 
is double floor height with the gallery. The atrium is provided with daylight via a rooflight that 
spans the length of the atrium; daylighting being allowed to penetrate downwards through the 
atrium to illuminate lower floors. 
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The learning area has a ceiling height of 3.8 meters and display the space in a daylight 
atmosphere similar to that outside, where one would expect to stay and work. The facade with 
large or ribbon windows lets filtered daylight into the building, the view and landscape out side 
the library recedes into a backdrop for the viewing. The main glazing areas are mainly facing 
north; this means the interior would receive most diffused and indirect daylight, which is better 
for working environments compare with more direct sunlight of south facing. However, this 
also means the building may not have enough daylight to support the certain brightness 
standard, and the artificial light may be used, which is not necessarily energy friendly for a 
building opening 24 hours and 7 days. 
 
   
Figure 1. Information Commons building (left)      Figure 2: Typical floor plan of IC building 
and an Ecotect lighting modelling (right).  
2.3 Daylight Analysis in IC Building 
Generally, the reflectance of internal surfaces in IC building are quite low; one of the reasons 
behind this might be that there are direct and more diffuse light available, which also means 
decrease in direct light as means to reduce potential visual problems. 
The calculation of daylight factors (DF) as well as the illuminance distributions is 
established on horizontal layers (working planes) across the study area on each floor using the 
height of 1 metre from the floor at 11:00 am on 21st August as the suggested hottest day 
average for Sheffield to illustrate the extreme situation under an overcast day (with 8500 lux 
sky illuminance). The climatic data and the daily conditions graph shown below (see figure 3) 
is clearly illustrating that there is clouds covering most of the day, and diffused solar is much 
higher than direct solar, also considering the fact that overcast situation takes nearly half 
proportion in Europe. Hence, the overcast sky model is chosen for the simulation. 
 
Figure 3: Climatic data for Sheffield, hottest day average, 21st August 
 
The reflectance is one of the important aspects in lighting performance that also influences 
calculations during the computer simulation process. According to CIBSE guidelines, the 
internal reflectance range in ceilings, walls and floors are somewhere between 0.6-0.9, 0.3-0.8 
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and 0.1-0.5. The ceilings in IC building are different on each of the floors; normally with grey 
or white but matte (with texture) using low value of 0.6; the walls are mostly white but matte 
(with pattern) surface, so using the neutral value of 0.5; the floors mostly in dark blue carpet, 
therefore a lower value of reflectance 0.1 is used. 
The daylight simulations have been carried out for all floor and also separated into each side 
of atrium space due to the different functions and window systems used within the building. 
East part area of atrium has mainly north facing windows with large glazing area; this large 
glazing area on the south facade is shaded by louvers. West part of the building is mainly 
designed as a quite study area, similar with the general open office layout, but the glazing area 
is more on the north and west facing facades, and again limited on the south. The typical floor 
plan is shown above (see figure 2). 
2.4 Floor by Floor Analysis 
The first floor is the bottom of the atrium with skylight on the roof as the function of general 
study with computer workstations. It also includes double height general study area in the east 
with large north facing glazing area, and small open general study area in the west. The analysis 
is completed separately for each of the floors as follows (see figures 4-9): 
 
  
Figure 4: Daylight factors on the first floor   Figure 5: Daylight factors on the second floor 
 
Figure 4 is showing the daylight factors on bottom of atrium which is extremely high 
compare to the surrounding area, with about 70% due to the skylight on the roof. This is the 
main problem of the skylight during summer season with high angle direct sunlight, and again 
this may cause visual discomfort, and therefore proper shading devices are needed. The area in 
the east with large north facing windows has higher daylight levels than in the west area with 
normal windows and limited south glazing (see figure 6, left and right). 
 
  
Figure 6: DFs in east part (left) and west part (right) of the building on first floor 
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The average daylight factor in east area with north light is 13.3% (see figure 6, left). Clearly, 
double height floor area near the windows has the higher brightness and distributed quite 
evenly. Brightness level reduced in single height floor in deeper area which is the store shelving 
located, the DF mostly around 6-9% which is still higher than the CIBSE guidelines (5%). The 
layout of shelving is parallel to the lighting source (east to west) allowing the light penetrates 
through the shelves. The light level in deeper area can be compensated by near the atrium 
space. On the first floor, only central part of west area is the general study area with storage 
shelving adjacent to the atrium space. The rest of the spaces are used as offices and circulation 
area and was not taken into account for the calculations. The average DF is 9.79% with 
illuminance of 832 lux. Natural light source comes from windows facing west and atrium, 
however due to non-shaded west windows, there may be a possibility of glare during afternoons 
(see figure 6, right). 
The second floor has fairly even illuminance distribution compare with the first floor (see 
figure 5). General study area in east of atrium has the average illuminance of 1080 lux and DF 
of 12.7%. The shelving is located parallel to the light source also allowing the natural light to 
penetrate through (see figure 7, left). 
 
  
Figure 7: DFs in east part (left) and west part (right) of the building on second floor 
 
Figure 7 is showing the quite study area facing west which has double height floor with 
gallery with the average illuminance of 580 lux and DF of 6.8%. Apart from the area adjacent 
the window, the DF is around 3-5%, rarely below 3%, just in the range of the CIBSE guidelines 
(see figure 7, right). Because of the fact that a quite environment was required in this space, the 
atrium was blocked, but the light still can go through in from the ribbon window on the atrium 
wall and compensate natural lighting into the area (with DF of about 8%). 
 
  
Figure 8: Daylight factors on the fifth floor   Figure 9: Daylight factors on the sixth floor 
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The fifth floor has a general open plan space and the calculations have shown the average DF 
of 3.8% with illuminance of 323 lux; one difference is that it has a bright ceiling (with 
reflectance of 0.9) instead of a matte one, and the DF has increased about 0.1% (see figure 8). 
This is also similar within the sixth floor space where the average DF is of 2.89% with 
illuminance of 245 lux, and the DF has increased about 0.06% (see figure 9). Hence, the inertial 
reflectance is important when performing such lighting simulations. In addition, although the 
average DF and illuminance level on fifth floor met the CIBSE guidelines, the large areas on 
both fifth and sixth floors are slightly below the 3% guidelines and therefore artificial lighting 
is needed. Daylight autonomy on sixth floor is only 27% and 31.5% on fifth floor. 
2.5 Walk-round Observations in IC Building 
In the double height area in IC building, an uplighter is used which is very smart technique. 
The luminaries are mounted on the wall, indirect lighting reflected off the reflector on the 
ceiling (see figure 10, left). Furthermore, the reflectors have a curved specular finish and it is 
spreading the light over a large part of the ceiling, and avoiding direct light into eyes. It also 
minimises the problem of casting excessively bright and direct light. In addition, from the 
maintenance point of view, the ceiling of double height floor is hard to reach but using this 
uplighter, it is much easier for people to only change the luminaries on the wall, and do the 
cleaning of the reflectors. 
 
  
Figure 10: The uplighter used in double height floor area (left); dark grey and deep textured surfaces, 
which resulted in the ‘hot spot’ and the dark appearance of ceiling (right) 
 
Most of the study areas in IC building use direct/indirect lighting system where its indirect 
lighting reflected off the ceiling and walls. It is a diffused even and soft lighting, and creates a 
comfortable ambience. However, the ceilings in IC building are dark grey and deep textured 
surfaces, and as a result, it creates the ‘hot spot’ and the appearance of ceiling being quite dark 
(see figure 10, right). 
OVERALL CONCLUSIONS 
In the Information Commons building, the brightness is reduced significantly as we go 
further away from window. The atrium can compensate and increase the central brightness 
levels by channelling through natural light. Some of the findings as a result of the lighting 
analysis undertaken during the study are summarised in the following: 
 The arrangement of shelving in storage area is better placed parallel to the main lighting 
source like windows. This allowed the light to go through the deep areas. 
 Double height floors have higher brightness levels due to the larger glazing areas. 
 Clerestory windows can increase the lighting quality within the space, even though the 
thermal aspects should also be considered. However, in long term, it can be 
considered more important for improving the ambience which has more benefits for 
people and their satisfaction working in the building and using such workspaces 
created. 
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 Skylight on top of the atrium increases the brightness levels on the bottom area 
significantly, however due to reflectance glare effect may happen, and therefore 
proper shading devises may be also required. 
 According to the simulations on third floor, the solely north light are not able to achieve 
sufficient daylight conditions to meet the CIBSE guidelines during overcast days, 
even with large glazing areas. This can be compensated by considerable planning, 
such as increasing the floor height, using a double height floor, or opening more 
windows facing other orientations. 
 Most of the surfaces (walls and ceiling) in IC building are matte (with texture) or grey; 
this allows more diffused light in spaces, reducing glare and also other potential 
visual discomfort conditions. Although the grey ceiling seems too gloomy in some 
areas and reduces the whole brightness in spaces, the electrical lighting is needed at 
all times. 
To conclude, human factor is the most important aspect in lighting design, the lighting 
quality and energy efficiency that can not be achieved without considering such conditions. 
Although the computer lighting analysis can simulate the light distribution with close accuracy 
and easy to use, lighting design guidelines can be more sophisticated and flexible, the design 
process should be based on the ‘people’s requirement’ and fully understand the lighting design 
principles. 
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1 INT RODUCT IO N 
T he r es e ar c h under li nes  t he pos si bil it y t o r e des i gn new t ype  of  pr oduct s , pr oduct i on c hai ns  a nd 
t he  s ys te m i n whi c h t he y ope r at e . 
 T he  ac t ua l  e ner gy c ons ump t i on cl ai m ne w s t r uc t ur e  of pr oduc t  a nd s ys t e m of  pr oduc ti on t ha t 
ha ve  t o be  mor e  ef fi ci e nt  and e nvi r onme nt al  fr ie ndl y.  
T he me t hodologi c a l a ppr oac h of  De s i gn by Compone nt , s ee m t o be  one  of  the  poss i bl e  pa t hs 
c a pa bl e  to de al  s ucc e ss f ul ly wi t h t he  on-goi ng c ha nge , t ha nks  t o t his  a ppr oa c h a l l  t he  el e me nts 
of  a  c ur r ent  indust ri al  pr oduc t  ar e  cr it ic a ll y a na l ys e d. At  t he  sa me  t i me  t he  holi s ti c  appr oa c h, 
whi c h t he de si gne r/ de si gn s houl d ne ve r  f or ge t , expl ore  at  360 de gr e e  a ll t he poss i bl e 
i mpl i c at i ons , ca us es  a nd c ons e quenc es  of  t he  de te ct e d pr oble m.  
2 ACT UAL SIT UAT IO N 
2.1 Environmental analysis 
In  t he  l a st  ye a r s  t he  e nvi r onme nt a l  f ie l d and e c onomi c  c r is i s  ha ve  be e n t he  t wo ma i n t opi c s  of 
our  da il y di s c us s ions . Some one  s a ys  t ha t  t he se  t wo ma t t e rs  a r e  ca us ed by t he  gl oba l i za ti on, 
ot her s  at tr i but e  t he  r es ponsi bil it y t o busi nes s es , but  t he r e  ar e  t hose  who s a y t ha t  t he  pr oble m i s 
muc h br oa de r, it ’ s s oci al , and t he  c a us e  now i ngr a ine d i n our  li fe s t yl e. 
“ Sus ta i na bil it y, i n a  br oa d s e nse , i s  t he  c a pa c it y t o endur e . In e c ol ogy, t he  word de sc ri bes 
how bi ologi c a l  s ys t e ms  r ema i n di ve r s e  a nd pr oduc tive  ove r  t i me ”  ( s e e  wi ki pedi a ). But  toda y, 
our  s oci et y i s  f ac i ng a  ne w s i tua ti on;  fr om t he  bought  c ons ume r  goods  t o t he  i ndust ri al 
pr oduct ion is  va ni s he d t he  c onc e pt  of  le ve l  /  l i mi t .  
An  in teg rated  ap p r o ach  to  p ro d u cts  an d  th eir en v iro n me n t 
C ozz o, Brunel l a 
Politecnico di Torino, Cozzo, Italy 
M ari no 
Politecnico di Torino, Marino, Italy 
ABST RACT:  Due  to t he  cur r ent  cr is is , t he  pr oduc ti on t ype  a ppr ova l  of  c ompe ti ng f i r ms , but 
f i rs t  of  al l  t he  ne w e nvi r onme nt a l  ur ge nc y, i s  r is i ng t he  ne e d of  re c ons i de r  ne w pr oduct i on s ys -
t e ms . 
T he  me t hodol ogi c al  a pproa c h of  t he  De si gn by c o mpone nts  ( DbyC)  ( Lui gi  Bi st a gni no, 2008) , 
a ppe ar s  a s  one  of  the  possi ble  ope n pat hs  t o s ucc e s sful l y f a ce  t he  on-goi ng c ha nge ;  t ha nks  t o 
t his  a ppr oa c h, t ha t  cr it i ca lly a na l ys e s  a l l  t he  pa rt s  of  a c ur r e nt  i ndus tr ia l  pr oduct , i t’ s  pos si bl e  t o 
r e des i gn ne w t ypol ogy of  pr oduct s/ product i on c hai ns a s  we l l  as  t he  s ys t e m t he y a r e  i nt roduc ed 
i n. 
T hi s  a ppr oa c h, cons e que ntl y, i nvol ve  t he  r ede si gn of t he  indust ri al  s tr uct ure  t ha t  e vol ve  i n a 
mor e  f l e xi ble , gl oc al , et hi ca l  , ec onomi c al  a nd e nvi r onme nt a l  mode l . 
Suc h st ra t e gi es  mus t  be  ur ge ntl y me t , be c a us e  t he l ac k of  e ve n onl y one  of  t he m c oul d c ompr o-
mi s e  t he  e nti r e  poli c y i mpl eme nt a t i on a nd i ts  own re a cti on to c hange . 
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Our  s oc i et y i s  c onsumi ng mor e  t ha n wha t  we  ha ve  at  our  di s pos al  a nd we  a r e pr oduc i ng more 
wa s t e  t ha n the  bios phe r e i s  a ble  t o a bs or b. T he  c a t aboli c  ( Gr e er  2008)  c ol l aps e s  we  ar e 
wi t nes si ng not  i ncl ude  a singl e  s ys t e m, but a s i n a ny sys t e m i nvol vi ng a  ne t wor k a nd i mpa c t  on 
ot her  c aus ing a  ge ne r a l c ol la ps e . 
Eve n i f r ec e nt  Eur opea n s tudi e s ha ve  s hown t hat  i ndus t ri al  out put  i n e le c tr oni c equi pme nt 
ove r  t he  pas t  15 ye ar s , has de vot e d s pec ia l  at te nti on a nd i nve st me nt s  t o r e duce  c ons umpt i on, 
c ons ci ous  us e  of  ma t e r ia ls  a nd i mpr ove  pe r f or ma nc e , muc h ha s  s t i ll  t o be  done . T he  da t a 
publi s hed i n " Ene rgy a nd Envi r onme nt  Re port  2008"  by Eur ope a n Communi t ie s  cl e ar l y di sc l ose 
t hat  t he  hous e hol d a ppli a nce s  s ec t or  hel ps  t o pr oduc e  10%  of  gr e e nhous e  ga s es .  
Al t hough the  e nvir onme nta l  i nit ia ti ve s  c ar ri e d out   by i ndi vi dual  ma nuf a ct ure r s ove r  t he 
ye a r s  ha ve  al l owe d a  li mi t e d i mpr ove me nt  i n t he  impa c t  on t he e nvi r onme nt , t he  c onst a nt 
t e c hnol ogi ca l  de ve l opme nt s  ar e  no longe r  a bl e  to pr ovi de c onc r et e  r e duc t ions  i n t he 
c ons umpt i on a nd e mi s s i ons  t ha t  c ommodi t i e s  pr oduce d. Da t a  s ubmi tt e d by t he  De s i gn Counc il 
i n t he  a nnual  Re vi e w of  2002 s how t hat  80%  of  the  e nvi r onme nt al  i mpa c t s  of  pr oduc ts  or  
s e r vi c es  t ha t  we  use  i s  de te r mi ne d i n t he  pla nni ng s ta ge s . M a te ri a ls , te c hnol ogie s , pr oc e ss i ng 
me t hods , s ys t e ms  of  t r a ns por t ati on, us e , and wa s te  pr oduc t s  ar e  es ti ma t e d e ve n be f or e  t he  obj e ct 
i s  pr oduce d.  
Due  t o t he  curr e nt  c ri s is  of  t he  ma c r oec onomi c  s ce na ri o, t he  pr oduc ti on t ype  a ppr ova l  of 
c ompe t i ng f i r ms , but  fi rs t of  a ll  t he  ne w e nvi r onme nt al  urge nt  nee ds , i s  ri sing t he  ne e d of 
r e c ons i de r  ne w pr oduct i on s c e nar ios .
T he  r e de si gn of  t hes e  s ce na r i os  is  due  t o de si gne r s ' ke y f i gur e  be c a us e  [ ...]  pos i ti one d a t  t he 
c r oss r oa ds bet we e n c hange s  in t e c hnol ogy a nd c ons ume r  pr oposi ti on "( Ar ga t e, M a rc h 2009) , 
t he  de si gne r 's  t a s k i s  t o s umma r i ze  t he  i ndus tr ia l  re qui r e me nt s , cons ume r  a nd ma r ke t i ng, but  a l -
s o mus t  pl an a nd t hi s  i mpl ie s  a  soc ia l  r e sponsi bi li t y.  
2.2 The household:  from tool to machine 
“ Hi t he rt o i t  i s  que st iona bl e  i f  a ll  t he  me c ha nic al  inve nti on ye t  ma de  ha ve  l i ght ened t he dai l y t oi l 
of  a ny huma n be ing " (J ohn St uar t Mi ll  in Pri nci pl e s of  Pol it ic al  Ec onomy) . Fol l owi ng up t he 
i ndust ri al  re vol uti on, t he  prol if e ra ti on of  me c ha ni c al  and a ut oma t i c  ma c hine r y has  be en unst op-
pa bl e. T he  ove r vi e w of  pr oduc t  e nri c he d cr owde d by t ool s  de si gne d t o li mi t  huma n l abor , or  to 
c e l ebr at e  t he  r ea li za t i on c apa c it y of  t he ir  bui l de rs , t hos e  a re  def ine d as  " ma c hine  c e li bit ai re ” .
Cons i de ri ng onl y t hos e  ma c hi nes  use f ul  t o a ll e vi at e  the  wor kf or ce  of  ope ra t or s , i t c a n be  s e en 
how t he  i ndus tr ia l  re vol uti on ha s  f orc e d a  s hi ft  fr om t ool  t o ma c hi ne , t he  dri vi ng f or c e  has  be e n 
t r a ns f or me d fr om e ne r gy pr oduce d by ma n t o ot her  ki nd of e ner gy. In t hi s new s c e na ri o t he 
pr oduct ion of  me c ha nic a l  de vi c e s  a nd ma c hi nes  c onti nue  t o ma i nta i n t he  li nk wi t h huma n be -
i ngs  s e e ki ng t o s at i sf y t he ir ne e ds , e ve n if  s ome t i me s , the y a r e  i nf l ue nc ed a nd c or rupt e d by pure 
ma r ke t i ng ope r a ti ons .  
Looki ng a t  t he  ma nuf a c t uring e vol ut i on f r om a  s e mi ol ogi c a l  point  of  vi e w  t wo ke y c ha nge s  
a r e  det ec t ed a s  re la t ed t o the  pr oduc t  ma c hi ne , t he  soc i al  s phe r e  a nd c ons e quent l y t o t he  ma -
c hi ne c ommuni c a t i ng va l ue In t he  per i od pri or  to the  pr oduct i on of  the  f ir st  dome s t ic  ma c hi ne s, 
t he  j ob ac ti on wa s  c onvi vi al , i t  wa s  us e d t o ga t her e d t o c ompl e t e  a  j ob ( was hi ng, dr yi ng c l ot he s, 
...)  a nd whe re  wa s  pos si ble  t o de ve l op s oci al  re la ti ons hi ps . 
 T he  i nt r oduct i on of  hous ehol d i mpl i e s  t he  t ra nsf or ma t ion of  wor k, t he  s ha re d pl a c es  on t he 
wor k l os e  t hei r  i nte nde d use , but  t he  di st ingui s hing f e a t ure  of  the s e  sit e s  re ma i n in popul ar  c on-
s c i ous nes s . T he  f ore r unner of  t he  c urr e nt  a ppli a nce  conve r t s  t he  wor k t o be  unde r ta ke n a s  pri -
va t e  a ct i on i n t he  home , undoi ng t he  s oci al  a s pe ct  of  sha r ing.  
T ec hnol ogi c al  c ha nge  has  int r oduc e d e l e me nt s  of  ef fi ci e nc y a nd sa f et y f or  the  use of  ma c hi n-
e r y, but  i t  al s o r e move d t hos e  si gns  t hat  coul d be  e xpl a nat or y of  t he  oper at i on. T he  tr a nsi ti on 
f r om a n i nst r ume nt  (M ar x, 1867)  t o a  ma c hi ne  ( M ar x, 1867)  i mpos e d a  phys i c al  de t a ch f rom t he  
a ppli a nce  tha t i nvol ve s  a  progr e s s i ve  los s  of  knowl e dge  a nd r el a ti ons hi p wi th t he  a ppli a nce  a nd 
know -how . T hi s  r el a ti on ha s  bee n le ft  t o t he ma i nt ai ne r  depri vi ng t he  us er  f r om i t . 
2.3 Methodology 
Nowa da ys  t he  a ppea l  of  t he  pr oduc t is  ma i nl y r el a te d t o the  out si de  s hel l a nd t o ma r ke t i ng c on-
c e pt  of  i nnova ti on, but  if  we  a na l yze  t he s e  i de as  i t’ s c l e ar  t hat  a re  i nsubst a nt i al. T he  ae s the tic 
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va l ue  is  de pe nde nt on t he  fa s hi on f l uc t ua ti on a nd t he i nnova ti on i s li mi t e d onl y t o t he 20%  of  
t he  whol e  pr oduc t   ( Di et er , 2000) , f or  t wo ma i n re a s on: 
- t he  f i r m ha ve  t o wr it e  off  t he  cos t  of  t he  pl a nt s  
- t he  i nte rf a ce  i s  consi der ed by t he  us e r  t he  pr oduct  (Ra s ki n, 2000) , f or  t his  r ea son i t’ s  c om-
mon t o r e de si gn onl y t hi s  compone nt .  
T hos e  t wo fa ct or  c aus e  of  the  s e ma nt i c  obs ole s ce  of  t he  obj ec t  c ombi ne d wit h t he di f fi c ul ti es 
t o ma i nta i n t he  pr oduct  a t c he a p pri c e ar e  t he c a us e  of  the  huge  qua nt it y of  pr oduc t s s ent  t o t he 
l a ndf il l . 
 
Fig ur e  1 : sc he ma  o f t he  D e si g n b y Co mp o ne n ts me tho d o lo g y d e ve lo p e d  b y t he  I nd u str ia l D e sig n 
r e se a r c h  te a m a t P o lite c nic o  d i  To r ino .  
 
 
T he  pa t h pr opos e d by De s ign b y Co mpone nt s  i n a  s ys te mi c  vi s i on i mpl i e s  a  de s i gn whe r e  t he 
e xt er nal  s ha pe  of  t he  obj e c t i s  det er mi ne d by t he  i nt er na l  pla c e me nt  of  it s  own compone nt s . T hi s 
t ype  of  de si gn s t ar ts  fr om the  a na l ys i s of dis a ss e mbl ed obj e c ts  bel ongi ng t o t he  s a me  s e ma nt i c  
c a t e gor y ( s o a s  to be  a bl e  to unde r st a nd a l l  t hei r  c ons ti t ue nt  par ts :  ma t e ri a ls  a nd c ompone nt s ), 
c ons ide ri ng t he  re l ati ons hips  a nd c onne ct i ons  be t wee n c ompone nts , pr oduc ti on t ec hnol ogi e s 
a nd phys i ca l -me c ha ni ca l  la ws  t hat  c ha ra c te ri ze  t he  pr oduct . It  i s  i mpor t a nt  to c onsi der  t he 
a ppr oa c h use rs  c oul d ha ve t o t he  a nal ys e d pr oduct , ta ki ng i nt o a c count  t he  di ffe r e nt  le ve l s  of 
a c c es s ibil it y t he  us e r, ma i nte na nce  t ec hni c ia n and ma nuf a ct ure r  wi ll  ha ve . 
Ea c h c ompone nt  mus t  be  cons i de r ed a s  a  fi nal  pr oduct  wi t h i t s  own inde pe nde nt l i fe  c yc l e , 
a nd mus t  be  consi der e d i n re l at i on t o t he  ot he r  c ompone nt s . 
It  i s  s ubs e que ntl y a na l ys ed a c c or ding t o a  f unc ti ona l  s che me , whe r e  it s  compos it i on is 
r e ve a l ed by a i d of  f ol l ow-up a bst r ac ti ons, fi r st l y i n ac c or da nce  wi th a n ope r ati ng s c he me , a nd  
a f te r war ds  wit h an e s se ntia l  one, a ll owi ng f or  t he  is ol at ion of  t he  ne c es s ar y a nd s uff ic i ent 
f unct i ona l  gr oups . 
Ac t i ng on t he  ba si s  of  t his  c r it er i on, i t  is  pos si ble  to c ompr e he nd t he  c ompl exi t y of  t he 
r e la ti ons hi ps  whi c h e xi s t  bet we e n f unc ti onal  gr oups  a nd t he  s ys t e m a s  a  whol e , a nd t o r e c ogni ze 
t he  va ri ous  di ff e re nt  t ype s  of  proble ms  whi c h ne ed s olvi ng. 
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On t he  bas i s  of  t he  c ompl e xi t y of  t hes e  re la ti ons hi ps  we  c a n a ffi r m t ha t  De si gn by 
Compone nt s  i nt e nds  t o f oc us  pri ma r i l y on t he  s ys t em of  whi c h i t  i s  a  pa rt , and t o whi ch i t 
be l ongs . 
De s i gn by Co mpone nt s i s , t o all  i nt e nt s  a nd pur pose s , the  up a nd downs t re a m 
c onc e pt ion/pl anni ng e xis ting be hi nd a nd t hr oughout  a  mor e  c ompl e x pr oc e ss  t ha t  l ooks  at  t he 
f i ni s hed pr oduc t  a s  the  conc r et e  e xe mpl i f ic at i on of i de a s , t hought s  a nd t he  mor e  di ve r s e  
s t ra t e gi es , al l  ent angl e d a nd i nte rr e la te d i nt o one  with t he  ot her s , i n st ri c t  c onne c ti on wit h the 
l if e  c yc le  of  t he  de si gne d ite m. 
La s t  but  not l ea st , is  t he  conc e pt  of  s ha r e d re s pons i bi li t y, a ls o pr omot e d by t he  2002/ 96/ EC 
WEEE-Waste Electrical and Electronic Equipment di re c ti ve . The  pr ot a goni st s who c ont ri but e  t o 
t he  i dea ti on, de si gn a nd ma nuf ac t ur e a re  de s i gner s , indus tr ia li st s , l a w-ma ke r s , ec onomi s t s a nd 
f i nal  us e rs . T he y wi ll  be  a ske d t o c oll abor at e  r e sponsibl y. 
Ne w pr oduc t s c re at e d t hanks  t o thi s me nt a l  pa th repr e se nt t he  e xe c ut i on of  re l at i ons  and 
f unct i ons  of  t he  a ppli a nc e s. Be i ng a wa r e  t hat  a ll  house hol d e l ec tr ic a l  a ppl i anc e s  a r e  pa rt  of  a n 
i nte gr a t e d s ys t e m ( wi t h t he t e rr it or y, t he  s oc i et y, t he  envi r onme nt , t he r es i de nti al  uni ts , …)  a nd 
not  onl y of  t he  indi vi dua l  pr oduct i on c ha i n, wi ll  e nt ai l  a  ne w product  des i gn c oncept i on. 
3 APPL ICAT ION OF T HE DbyC M ET HODOLOGY T O T HE W HOLE SYST EM  
T he e nvi r onme nt a l  s yst e m, a s  Le wis  T homa s  s ugge s t s i n hi s  book "T he  Li ve s  of a  Ce ll :  Not e s 
of  a  Bi ology W a t c her " , i s  compos e d by l i vi ng c r e at ures  r el at e d t o t he  whol e  e nvi ronme nt ;  if  thi s 
we b of  l if e  i s  c ompa r ed t o a l l  t he pr oduct i on s ys t e m, i t  i s poss i bl e  t o as s er t  t hat  the s e  c ombi ned 
e l e me nt s  cr ea t e  a  c ompl e x ne t wor k, c or r el at e d wi t h t he  f l ow of  knowl e dge , i nf orma t i on, ma t e r i -
a l s , e ner gy, e t c .. 
Looki ng f or wa r d t he  be gi nni ng of  t he  next  i ndust ri al  re vol ut ion, whe re  t he  i ndustr y wi l l  tr y t o 
e mul a t e  t he  nat ur al  c yc l es , r a t he r  t ha n hope  i n i ncr e as ing pr oduc ti on of  t he  ea rt h, we  mus t  l e a r n 
t o do mor e  wi t h wha t  the  e a rt h pr ovi des . Al l  t he  output s  of  f ir ms  c a n be  c onve r t e d i nto va l ue  
a dde d or  use d a s f ee dst oc k f or  ot her  indust ri e s  or  pr oce s s es , doi ng s o i ndus tr ie s  wi l l  ha ve  t o r e -
or ga ni ze  i n cl ust er s . T he  eli mi na t i on of  was te  r e pr es ent s  t he  l a st  s ol uti on t o t he  pr oble m of  pol -
l uti on, whi c h t hre at e ns  both l oc al l y a nd gl oba ll y ( l . Bi st a gni no, 2003) . 
Be f ore  ha ndli ng t he  a ct ual  pr oduct ion s ys te m a c c or di ng a n hol is ti c  poi nt  of  vi e w, i t’ s  ne c es -
s a r y t o a na l yze  t he i ndust ria l  mode l e vol uti on. T his  his t ori a n pat h under li ne d the a wa re ne ss  of  
t he  i ndust r y i n t he  i mpor t a nc e  of  c ost  re duct i on, but  it  al s o st re s s  out  c a pac it y t o e vol ve  or  cr e ate 
ne w t ype  of  pr oduc ti on mo de l . All  t he  a na l yze d mode l  hi ghl i ght  t he  a bil it y t o i nc re a s e:  t he  ec o-
nomi c  e f f ic i enc y, t i me  r e duct ion, de a d t i me  i n t he  s uppl y c ha i n, qual it y, i nnova -
t i on,… Unf or tunat e l y a ll  t his  e le me nt  a r e  onl y t o t he  pri c e  f a ct or  t ha t  me a ns  a  l i mit e d sol ut i on of 
t he  pr obl e ms  ( li ne ar  a ppr oac h) . 
Nowa da ys  mos t  of  i ndust ry a r e  us e d t o buy t he  e l eme nt  of  t hei r  product  fr om c o mpone nt 
pr oduce rs  usua ll y l oc a te d in e me r gi ng c ountr i es , t hat  me a ns  t hat  t he ma i n c ompa ny f oll ow t he 
pr i nc i pl e  of  re duci ng c ost  to t he  de tr i me nt  of  quali t y, sus t ai na bil it y a nd e thi c. 
T he  pr oduct  i s  produce d, de l i ve re d a nd a ft er  a  c e rt a in t i me  di s ma nt l e , t he  c ost  of  ma i nt e na nce 
a r e  t oo hi gh t her e for e  a ls o the  r epa ir a bl e  obj ec t  a r e  t hrown a wa y. 
T he a ppl ic at i on of t he  De si gn by Co mpone nt  me t hodol ogy c ombi ne d wi t h t he  pos it i ve  e x-
t r a pol at e  f r om t he  product ion mode l  e vol ut ion (f r om t a yl or i s m t o hondi s m)  ge ne ra t e s  a  ne w ho-
l i st ic  ma nuf a ct uri ng mode l . 
T he ne w mode l  induce  al l the  ac t or s  t o oper a te  a c c or ding e t hic a l va l ue , the  c ompone nti st  are 
a c ti ve l y i nvol ve d i n t he  des i gn pha s e , a ll  t he  pr oduc tion a r e  l oc al  a nd t he  c ompone nt  r e pai re d 
c a n fome nt  t he  s e c ond hand ma r ke t .  
T hi s  Sort  of  r e vol ut i on of  the  indust ri al  me nt al it y wi ll c er t ai nl y be  ne it her  ea s y nor  i mme di -
a t e . In t he  ye a r t o c ome , it  wil l be ne ce s sa r y t o pre di c t a nd pla n a ll  t he c onsti tue nt par t  of  a 
pr oduct , t he ir  ma t e r ia l , dura t ion, r e pl ac e me nt  a nd al l  the r e  i s  t o know a bout  t he  li f e  c yc le  of  an 
obj e ct .. 
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Fig ur e  2 : Ac t ua l p r o d uc tio n s y ste ms ( line a r  a p p r o a c h)  
 
 
Fa c i ng the  i nf i ni te  opport uni ti e s off er e d by t ec hnol ogi c al  i nnova ti ons , indust ri al  c ult ur e a nd 
de s i gn wi ll  poi nt  out  t he  nee d t o a s sume  our  own r e s pons i bi li ti es , a s  bei ng a bl e  to c hoos e  for ce s 
us  t o pl an a t  t he  s a me  t i me  a l l  t he  va r i a bl e s  t hat  a r e  pa r t  of  pr oduc ti on a nd di s mi s s a l  of  t he  ob-
j e ct  on ma ny l e ve l . 
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Fig ur e 3 : N e w p r o d uc tio n s yst e ms ( s ys te mic  a p p r o a c h)  
4 CONCLUS IONS 
In c onc l us i on, it  i s  mos tl y up t o la r ge  si ze  i ndust ri es  to ma ke  t he  s har pes t  cha nge  a nd t o dr ift 
a wa y f r om l ogi c s  of  goods  de s i gne d f or  t he  e nd ma r ke t s , by f oc usi ng on t he  t e chni c al  a nd qual -
i t y e vol ut i on of  c ompone nts  a nd by c ha ngi ng t he  pr oduc ti on r ul e s  in f a vour  of  s ys t e mi c  s tr a te -
gi e s  de e pl y i nte gr a t ed wit h t hei r  own t er ri t or ia l , s oci a l a nd e conomi c a l  c onte xts . 
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1 INTRODUCTION 
Knowing that, nowadays, just about 10 % (in weight) of everything what is extracted from the 
planet by industry will be transformed in an useful product and the remaining can be considered 
a residue, a sustainable management of the existent natural resources that take us to a sustain-
able consume too appears to be urgent.  
So, the need of a sustainable world demands that more and more alternative products should 
be used in construction, such as materials that include in their composition industrial wastes. 
These materials conventionally have been referred to as “green materials”. 
Several are the by-products generated by the industry that can be recovered or improved to a 
new product generation, that this way, can minimize the environmental damage resulting from 
the laying on landfill.  
The gypsum is a material largely used in building construction due to its diverse applica-
tions. The building sector consumes about 95% of the total gypsum produced. It is calculated 
that about 80 to 90% of finishing interior work and partition walls in buildings are made of gyp-
sum products, such as plaster and card gypsum (wastebook, 2007).  
According to those thermal and acoustical properties, these products contribute significantly 
to the comfort of millions of persons. Having an extraordinary resistance to fire, the gypsum 
products contribute to the buildings’ security, particularly in the public ones. 
FGD Gypsum is a synthetic product derived from flue gas desulfurization (FGD) systems at 
electric power plants. It is chemically identical to mined natural gypsum and provides more en-
vironmentally friendly applications. There are many uses for FGD gypsum, including gypsum 
panel products, highway construction, agriculture, mining applications, cement production, wa-
ter treatment and glass making (fgdproducts 2009).  
FGD Gypsum Based Composite for Non-Structural Applications 
in Construction  
A. Camões, C. Cardoso, R. Eires, S. Cunha, G. Vasconcelos, P. Medeiros, S. Jalali, & 
P. Lourenço 
University of Minho, Guimarães, Portugal 
 
ABSTRACT: There are many by-products created in industry that can be recovered or valued 
for the creation of new products allowing, in this way, the decrease of environmental damages 
caused by its disposal in landfills. This research work aims at the valuing of several industrial 
by-products, such as: flue gas desulfurization (FGD) gypsum from exhaust gases of thermoelec-
tric power plants; granulate cork from insulation black cork boards; and textile fibres from the 
recycling of used tyres. 
The composite materials that come from the mixture of these products may be produced ac-
cording to two different procedures, moulding or pressing, and the result will be products with 
different features. Through moulding one gets a lighter composite and through pressing one gets 
a thicker composite with higher mechanical strengths and better surface’s finishing. These com-
posites may be used to fabricate masonry blocks for non-structural inner walls of buildings. 
Therefore, one has done several lab tests in order to obtain the mechanical behaviour of the re-
ferred composites so as to confirm the possibility of using it in construction.
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The world availability of FGD gypsum is considerable. Approximately 18 millions of FGD 
gypsum tons were produced in 2008 in the USA, 60 % of which were reused (acaa-usa 2009). In 
the European Union, according to 2007 data referring to the 15 European countries (ecoba 
2009) 11 millions FGD gypsum tons were produced about, 89 % of which were reused. 
 Some surveys show that the actual annual world production of FGD gypsum reaches values 
near the 225 millions of tons and in 2020 will be around 500 millions of tons per year (Mal-
hotra, 2008). The developing countries, namely China (the biggest world producer of FGD gyp-
sum, exceeding the 100 millions of tons in 2004 and India (about 20 millions of tons per year), 
will decisively contribute to this increase. It is expected that in India the productive capacity of 
electrical energy coming from electric power plants will double until 2010, what will result in 
an increase of FGD gypsum production that will reach the 40 millions of tons by then. 
The FGD gypsum is also very cheap and rather affordable material, turning it especially at-
tractive in economic terms.  
Cork (bark of the plant Quercus Suber L), a substance largely produced in Portugal, is a ma-
terial whose characteristics are of considerable interest for the construction industry. It is re-
garded as a strategic material with enormous potential due to its reduced density, elasticity, 
compressibility, waterproofing, vibration absorption, thermal and acoustic insulation efficiency 
(Gil 2005 & Hernández-Olivares, 1999).  
The cork is a natural and ecological product, odourless and it is considered imputrescible and 
unalterable, maintaining its efficiency for quite a long time.  
The cork industry consumes worldwide about 280 000 tons of cork per year. However, about 
20% to 30% of the raw cork used at the processing unit is discarded, mainly cork dust and gran-
ules which have low granulometry with no industrial interest (Carvalho 1996). 
Thus, it has economical and environmental interest to find alternative uses for this industrial 
by-product from cork transformation, mainly in Portugal, since it is the world’s leader producer.  
In this research work it was used granulated cork with the aim of lightening the mass of gyp-
sum based composite and, at the same time, providing an improvement of the thermal and 
acoustic efficiency.  
In Europe tyres are produced at a rate of 250 million units per year 
(www.specialchem4polymers.com, 2004) and nowadays, there are recycling companies that 
proceed to shredding of used tyres, obtaining separated materials such as crumbed rubber parti-
cles, steel fibres and textile fibres from the tyre beads and reinforcement. The textile fibres can 
be reused, such as in insulation materials or as fibre reinforcing in concrete products 
(www.wastebook.org, 2007). In this research work the recycled used tyres textile fibres were 
used with the purpose of providing reinforcement for gypsum composites. 
The main purpose of this research work was to develop new mixtures of FGD gypsum incor-
porating these by-products to value them and to turn the gypsum products more lightweight and 
sustainable, giving continuity to others studies that aimed at the development of eco-efficient 
products based on gypsum for construction applications (Eires et al. 2008, Eires et al. 2007a, 
Eires et al. 2007b, Eires et al. 2006). 
Therefore, the characterization and improvement of the compositions was carried out. So, 
one has done several lab tests in order to obtain the mechanical behaviour of the referred com-
posites so as to confirm the possibility of using them in construction. 
2 MATERIALS, COMPOSITIONS, MANUFACTURE AND CONSERVATION 
2.1 Materials 
The FGD gypsum formed in the system of treatment gaseous effluents of a Portuguese electric 
power plant, is presented under the shape of calcium sulphate bi hydrated (CaSO4.2H2O) with 
7% of humidity. In order to be reactive with water it should be changed to calcium sulphate 
hemi hydrated (CaSO4.0.5H2O). Based on the test of differential scanning calorimetry and 
thermo-gravimetrical analyses (DSC-TGA), it was selected the temperature of 105 ºC to the 
dehydration, changing the material as the equation 1: 
 
OHOHCaSOOHCaSO 22424 5.15.0.2. +→                                                                (1) 
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In table 1 it can be seen the chemical similarity of FGD Gypsum with the conventional gypsum, 
available at the market and usually known as plaster gypsum.  
 
Table 1 – Chemical composition of FGD and conventional gypsum  
Gypsum CaO SO3 F Fe2O3 SiO2 Al2O3 MgO Na2O K2O TiO2 P2O5 SrO ZrO2
FGD 40.1 54.4 1.61 0.28 1.58 1.11 0.418 0.261 x 0.0134 0.106 0.001 0.001
Conventional 41.3 56.0 x 0.22 1.11 0.395 0.696 x 0.0567 x x 0.183 0.024
 
It was achieved the granulometric distribution of the FGD gypsum and a conventional gyp-
sum and it was verified that the first had a bigger fineness, resulting in a small percentage of the 
retained material on the sieve 100µm (about 2%) opposite to the conventional gypsum (54 % of 
material retained in sieve 100 μm). 
One has also determined the compressive strength resistances of FGD and conventional gyp-
sum, according to EN 13279-2. The FGD gypsum presents a superior strength resistance, 
achieving 17.4 MPa, while the conventional gypsum reached a resistance of 9.2 MPa. 
The used granulated cork was a regranulated of expanded cork, a by-product of a Portuguese 
industry of black agglomerate cork boards, being the material constituted by different particles 
sizes: 2/4mm, 2/9mm and 4/8mm. The density is respectively: 166, 182 and 198 kg/m3 and the 
bulk density is 65, 73 and 72 kg/m3. 
The used tyre fibres are a material obtained by a Portuguese recycling company of used tyres 
shredding. These fibres are generally composed by wires and polymeric cords and some rubber 
residues, being the main element the polyamide 6.  
Some dimensional analyses of the fibres were done that consisted of determining the length 
and the diameter, using an optic microscope with photographic record. It was verified a large 
dispersion of the fibres length, being the minimum value obtained of 108.2 µm and the maxi-
mum value of 12469.1 µm. The average value was 20.69µm with a standard deviation of 
1993.2 µm. The fibres diameter is also variable, being the minimum value obtained the 7.2 µm 
and the maximum 34.1 µm with an average of 20.7 µm. 
In the compositions it was also used a setting time retarder for gypsum: citric acid. The in-
corporation of this material was essential since it was verified that FGD gypsum reacts quickly 
with water, solidifying the mixture, hindering the maintenance of the working time at reason-
able levels during the necessary time to handle the composite at wet state.  
2.2 Compositions, manufacture and conservation 
Aiming at the final composition selection of the composite material to be used in the manufac-
ture of blocks for interior building walls, it was realized an experimental campaign with the ob-
jective of characterizing, under a mechanical point of view, the produced compositions.  
Thus, a pressed composition (P) and three moulded compositions (M) were studied. The P 
composition was constituted only by FGD gypsum, water and citric acid, and in the M composi-
tions, with cork incorporation, the amount of granulated cork was varied from 5, 7 and 9 % 
(M5, M7 e M9) related with the gypsum weight used. The tested compositions are presented at 
Table 2. 
 
Table 2 – Mixture compositions (at % of gypsum mass) 
 Typology water Retard. Cork Fibres 
M5 moulded 80.0 0.05 5.0 3.0 
M7 moulded 87.5 0.05 7.0 3.0 
M9 moulded 93.75 0.05 9.0 3.0 
P pressed 22.5 0.05 – – 
 
The water content of moulded compositions was determined experimentally so as to check 
an adequate working time, which consisted of assuring a flow spread comprised between 140 
and 150 mm according to EN 13279-2. 
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The added water amount in the pressed mixture also resulted from an experimental proce-
dure, done with the objective of manufacture the compositions with the minimal amount of nec-
essary water for gypsum hydration. One has done several tests of pressing with different water 
percentages in the mixture until obtaining an optimal solution that assured a good superficial 
finishing, that was admitted as guarantee of a good compactness. 
The used retarder dosage was fixed after experimenting several mixtures, containing differ-
ent acid citric dosages. The tests revealed that the setting time increased with the retarder rise, 
the same occurred with the flow spread. However, it was verified that the mechanical resis-
tances (compressive and flexural strength) diminished with the retarder dosage increase. So, ac-
cording to the described, it was adopted a acid citric dosage of 0.05 % of gypsum mass, since 
that assured the obtaining of paste with enough setting and working time without affecting sig-
nificantly the mechanical resistances. 
The textile tyres fibres dosage was selected based on the product availability and on the fi-
bres effect in the mechanical resistances. Considering the two aspects, it was adopted the dosage 
of 3 % of gypsum mass.  
Regarding to the pressed composition, one has decided not to include the cork in the mixture 
neither the textile fibres, since this incorporation has revealed adverse, both the mechanical re-
sistances point of view and the superficial finishing.  
The mixture process and the samples manufacture were accomplished according to 
EN 13279-2. 
To evaluate the behaviour and the mechanical properties (compressive and flexural strength 
and elasticity modulus) of the compositions M5, M7 and M9 6 cylindrical samples with 50 mm 
of diameter and 100 mm of height and 6 prismatic samples with 40x40x160 mm3 were moulded. 
The samples of composition P, shaped by pressing, result of moulding of boards with 
35x300x600 mm3 that were submitted to a pressure of 5 MPa after, diminishing the thickness 
from about 13 to 14 mm.  From these boards, through the cut by damp way, 6 samples with 
13x14x27 mm3 and 6 with 13x40x160 mm3 were produced. 
After manufacture, all the samples were kept in the laboratory at room temperature (about 
22 ºC) during 7days. In relation to the samples resulting of pressed board, obtained through cut 
by damp way, immediately after the cut, they were placed in a drying oven at a temperature of 
100 ºC during about 2 hours.  
3 TEST PROCEDURES  
3.1 Compressive behaviour 
The elasticity modulus in compression of moulded and pressed material was obtained based on 
the LNEC specification E 397. 
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a) b) 
Figure 1 – Elasticity modulus tests: a) loading load; b) general setup for moulded samples 
 
The samples were submitted to 4 load and unload cycles with constant velocity of 0.06 kN/s. 
The maximum and minimum values of applied load were determined through preliminary tests 
of uniaxial compression in order to assure that the applied stress was not superior to 30 % of 
compressive strength. It is generally accepted that the elastic material behaviour in compression 
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is developed just for load less than 30 % of that corresponding to compressive strength (Choi e 
Shah, 1998; Vasconcelos, 2005). After the maximum load of 30 % of average compressive 
strength was reached, the samples were maintained under the load action during 60 second, pe-
riod after which the unload was initiated. The loading law followed in the elasticity modulus 
tests can be founded at Figure 1a. The load application on the sample was carried out using a 
thick steel board so as to be sufficiently rigid to uniform the vertical load (Fig. 1b). 
In order to minimize irregularities of side samples, these were previously rectified and after 
covered at the base and top side with a polyester resin of rapid cure. The covering material was 
always applied before beginning of the test, with the sample vertical aligned and slightly com-
pressed so as to assure the perfect adjust between the load application elements and the sample. 
In the moulded samples, the vertical displacement was measure through of 3 LVDTs fixed at the 
sample and positioned according to three equidistant generatrix lines, distanced of 120 º. The 
used LVDTs have a measure field of ± 2.5 mm and a precision of 0.01 %. The measured dis-
tance by the LVDTs was approximately 45 mm. Due to the reduced height of pressed samples, 
the vertical displacements were pointed out turning to an external transducer, that measured the 
displacements between the metallic side boards in contact with the sample.  
The behaviour under compression of the studied compositions was analyzed based on uniax-
ial compression tests realized through vertical displacement control. The used loading velocity 
was 5 μm/s, assuring the maximum load was achieved in a period of time comprised between 2 
and 15 minutes. Simultaneously, the adopted velocity had as objective the registration of the 
complete stress-strain diagram and, allowing this way to characterize completely the behaviour 
of each material after reaching the maximum stress. The vertical displacements registration was 
made using the same LVDT configuration used for measuring elasticity modulus.  
3.2 Flexural behaviour 
For the moulded samples, the flexural behaviour was evaluated based on the EN 13279-2 and on 
the ASTM C1018. The application load scheme was the 4-point flexure test. The used samples 
for flexural test were prismatic with dimensions of 40x40x160 mm3 and 13x40x160 mm3, for, 
moulded and pressed samples respectively. The tests were carried out with displacement con-
trol, through a LVDT placed at sample middle-span. The load velocity for the moulded samples 
was determined according to the recommendations of ASTM C1018, which indicates that the 
rupture must occur after a period of 45 s (10 μm/s). The load velocity for the pressed samples, 
due to the lower thickness and the high rigidity, was fixed to the minimum velocity permitted by 
the test equipment in order to allow a period of time near to the anterior (1 μm/s). The vertical 
load was applied through a metallic rigid beam supported in two steel rollers that transmitted 
punctually the load to the sample. The flexural test setup is illustrated at Figure 2. 
 
 
a) b) 
Figure 2 – Flexural test: a) moulded sample; b) pressed sample 
4 PRESENTATION AND DISCUSSION OF OBTAINED RESULTS 
Table 3 shows the average values of the densities, γm, and the mechanical properties, coming 
from experimental results, namely the elasticity modulus, Em, compressive strength, fm, and flex-
ural strength, ftm,fl. The coefficients of variation are presented in brackets and are in percentage. 
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In Figure 3a it is possible to observe the behaviour in compression for the different composi-
tions, expressed by the correspondent average stress-strain curve. Figure 3b shows the same av-
erage curves, but referring only to the moulded compositions.  
Figure 4 shows the average diagrams stress vs. displacement at middle span obtained at flex-
ural tests for the studied compositions.  The flexural stress corresponds to the installed values in 
transversal section considering that the stress distribution along the section is elastic and linear. 
It is noted that the procedure for stress calculation is only approximated considering that in the 
pre-peak regime, and particularly in the post-peak regime, the behaviour is obviously non linear. 
The global behaviour in compression and flexure of the pressed and moulded material is sig-
nificantly different. The pressed material is considerably more resistant, but more brittle than 
the moulded one. The post-peak at the stress-strain diagrams of the pressed material expresses a 
stronger reduction of the stress to the same deformation than the verified at moulded material. 
 
Table 3 – Experimental results 
 M5 M7 M9 P 
γm (kg/m3) 825 760 675 1575 
Em (MPa) 1899.6 [4.7] 1311.8 [12.1] 823.3 [1.5] 2196.9 [17.1] 
fm (MPa) 3.1 [2.7] 2.0 [13.4] 1.1 [5.8] 13.3 [18.2] 
ftm, fl (MPa) 0.58 [5.4] 0.68 [4.9] 0.55 [6.3] 1.47 [10.0] 
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a) b) 
Figure 3 – Compressive behaviour (stress-strain curve): a) all compositions; b) moulded compositions  
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Figure 4 – Flexural behaviour: stress vs. at middle span displacement curve 
 
In compression, the post-peak behaviour of moulded material is characterized by a slight re-
sistance reduction for considerable displacement, expressing this way a much more ductile ma-
terial. It is verified a resistance increase and a ductility reduction of the moulded material with 
diminish of cork percentage, in spite of not being registered a considerable difference in the 
flexural strength. On the other hand, it was verified that the pressed material reveals to be more 
brittle, with a very quickly resistance loss (without displacement increase) after achieving the 
maximum resistance. In terms of rupture it is verified that in moulded material the rupture de-
veloped through the base or the top, where a level of the sample is crushed and after developing 
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gradually with the crushing of near successive levels. The appearance of the rupture in the base 
or top is related to the border effect on these areas. In the pressed material the rupture occurs 
with the development of vertical cracks that were propagated from a sample side to other. The 
diagrams stress-displacement analyses for the moulded mixtures makes it possible to conclude 
that important differences in the global flexural behaviour were not verified.   
In Figures 5a and b it is possible to observe the cork dosage influence at the elasticity 
modulus of the composite and at the compressive strength, respectively. 
 
Em = -26908 x (% cork) + 3228.4
R2 = 0.9972
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Figure 5 – The cork dosage influence: a) at the elasticity modulus; b) at the compressive strength  
 
In general terms, based on the obtained results, showed at Table 3 and Figures 3 to 5, it is 
possible to notice that: 
− The mechanical characteristics of the pressed composition are, as predicted, quite superior to 
the moulded compositions; 
−  The compressive strength of pressed composition is about four times superior to the 
moulded composition; 
− The flexural strength of pressed composition is, also, superior to the verified in the moulded 
compositions. However, the difference was not so strong, achieving about the double of the 
resistance of the moulded composition; 
− The elasticity modulus of pressed composition is superior to the moulded compositions. 
However, the difference of the moulded composition with biggest elasticity modulus was 
only about 15 %; 
− In the moulded compositions, the decrease of the elasticity modulus with the rise of the cork 
amount was nearly linear. To an increase of 1% of cork corresponded a decrease of the elas-
ticity modulus superior to 30 %; 
− In the moulded compositions, the decrease of the compressive strength with the rise of cork 
amount was, also, nearly linear. To an increase of 1% of cork corresponded a decrease of the 
compressive strength superior to 35 %; 
− The results of flexural tests didn’t reveal sensitive to the cork amount variation of the com-
positions; 
− The capacity of energy absorption of moulded compositions, whether in compression or in 
flexion, was really superior to the pressed composition, showing a better ductility behavior.   
5 CONCLUSIONS 
According to the results obtained, one can conclude that the use of a mixture containing FGD 
gypsum, granulated cork and textile fibres is viable for several applications in construction, 
since it is regarded as constituent material of a product with non structural functions. At this 
context, the initial applicability premise of this kind of material in not resistant masonry blocks 
seems practicable and can be a very interest way of valorisation of these industrial by-products. 
The obtained results of the realized tests allow to verify that there is a clear decrease of the 
compressive and flexural strength with the cork incorporation related to the pressed gypsum 
mixture.  
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Furthermore, it is verified that there is a linear relation between the elasticity modulus and 
the compressive strength with the cork percentage at the moulded mixtures, meaning that the 
bigger the cork percentage, the smaller the elasticity modulus and the compressive strength.  
The mechanical performance of the material based on FGD gypsum can be considerably im-
proved if one doesn’t use the incorporation of cork and tyre fibres and if one uses shaping 
through pressing. However, this solution is significantly heavier, the manufacture process is also 
more expensive and the potentialities, in shape terms, are much more limited. Nevertheless, the 
combined use of these two solutions (moulded and pressed), can result in an interesting product 
once the pressed solution presents a smaller porosity and consequently an inferior permeability.  
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1 LIGHT  PREFABRICAT ION AND T EM PORARY LIV ING  
T he  c ul t ur a l  i s s ue s  of  s us t a i na bi l i t y, ha s  s hi f t e d a t t e nt i on t o t he  ne e d t o l i mi t  t he  c ons umpt i on 
of  ma t e r i a l  r e s our c e s  a nd e ne r gy, i nt r oduc i ng t he  c onc e pt  of  us e f ul  l i f e  a nd r e c yc l i ng a nd r e us e , 
modi f yi ng t he  pr oc e s s e s  of  t r a ns f or ma t i on, c ons t r uc t i on a nd t r a di t i ona l  l i vi ng pa t t e r ns . 
T he  t e mpor a r y pr e f a br i c a t e d hous i ng uni t s , t he  " ma c hi ne  f or  l i vi ng"  t ha t  e mbodi e s  a l l  t he  
c ha r a c t e r i s t i c s  of  c ont e mpor a r y l i vi ng, i s  one  of  t he  t he me s  e xpl or e d s i nc e  t he  a dve nt  of  i ndus -
t r i a l i za t i on c ons t r uc t i on. T he  t e mpor a r y hous i ng i s  a  ma j or  t e c hnol ogi c a l  c ha l l e nge  f or  t he  
f ut ur e  a nd a  f i e l d of  e xpe r i me nt a t i on a nd i nnova t i on s t i l l  l a r ge l y t o be  e xpl or e d. 
T he  e vol ut i on of  t he  hous i ng mode l s  a nd t he   r e a l i ze d t r i a l s  r e c ogni ze s  i n t he   l i ght  pr e f a br i -
c a t i on r e vol t  t o t he  s us t a i na bl e , a  s e c t or  i n a ns we r  t o t he  de ma nds  bot h of  t he  hous i ng c ont e m-
por a ne i t y , bot h t o t he  a ppl i c a t i on of  e ne r ge t i c  a nd ma t e r i c  r e duc t i on i n t he  c ons t r uc t i ons  s e c -
t or .  
T he  l i ght  pr e f a br i c a t i on a s  a  me a ns  of  a c hi e vi ng a  hi gh l e ve l  of  i ndus t r i a l i ze d pr oduc t i on i n 
c ons t r uc t i on, ha s  a l wa ys , hi s t or i c a l l y, be e n a  f a s c i na t i ng c ons t r uc t i ve   t e c hni que  f r om t he  t he o-
r e t i c a l  poi nt  of  vi e w ( c ons i de r  t he  e xa mpl e s  de s i gne d by Ful l e r , Pr ouvé , e t c . ..)  but  ve r y of t e n 
a s s oc i a t e d wi t h l i vi ng mode l s  i mpr a c t i c a l  a nd t e c hnol ogi c a l  a nd e nvi r onme nt a l  be ne f i t s  of  l ow 
qua l i t y. 
T he  i de a  of  pr e f a b c ons t r uc t i on a s  i ns e c ur e  a nd e me r ge nc y gi ve s  wa y t o a n e vol ut i on i n f or m 
a nd c ont e nt  i nc r e a s i ngl y a t t e nt i ve  t o t he  ne e ds  of  t he  c ons ume r  who i s  c onc e r ne d wi t h s a f e t y 
a nd s us t a i na bi l i t y. W hi l e  t he r e  a r e  ma ny pos s i bi l i t i e s  f or  bui l di ng c us t omi ze d, t he y i nc r e a s e  
r a pi dl y t o mot i ons  s e r i a l i ze d a nd s t a nda r di ze d whi c h a dds  t o t he  a l r e a dy nume r ous  a dva nt a ge s  
of  ma s s  pr oduc t i on t ha t  c ome  e ve n c l os e r  t o t he  wor l d of  pr e f a b de s i gn, c r e a t i ng a  s ys t e m t ha t  
Materic ch aracter o f  co n s tru ctiv e d ry s ys tems  f o r p ref ab -Ho u s e. 
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ABST RACT :  T he  e vol ut i on of  t he  hous i ng mode l s  a nd t he  c ons t r uc t i ve  pr oc e s s , r e c ogni ze s  i n 
t he  l i ght  s us t a i na bl e  pr e f a br i c a t i on, a  s e c t or  i n a ns we r  t o t he  de ma nds  of  e ne r ge t i c  a nd ma t e r i c  
r e duc t i on i n t he  c ons t r uc t i ons  s e c t or .    
Among t he  t ypol ogi e s  of  pr e f a br i c a t e d s ys t e ms , t he  r e s e a r c h f oc us e s  t he  a t t e nt i on on t he  s t udy 
of  t he  c a t a l ogue  hous e s , r e a l i ze d t hr ough " K i t "  de t a c ha bl e , wi t h dr y t e c hnol ogy, wi t h a  l ogi c  
t r a ns f e r r e d by t he  i ndus t r i a l  s e c t or  a nd pa r t i c ul a r l y de ve l ope d by t he  Nor t h-Eur ope a n Coun-
t r i e s .  
T he  s t udy obj e c t i ve  i s  a  c r i t i c a l  a na l ys i s  of  me a ni ngf ul  e xa mpl e s , t o i ndi vi dua l i ze  s ome  r e -
ma r ka bl e  c ha r a c t e r s  of  i t :    
- T he  ma t e r i c  c ha r a c t e r :  on ma t e r i a l s  mos t l y us e d a nd on t he i r  c ha r a c t e r i s t i c s .   
- T he  pe r f or ma nc e  c ha r a c t e r :  t he  c ommon pe r f or ma nc e s  of  r e s i de nc e s , a bout  e ne r ge t i c  e f f i -
c i e nc y, a nd t he  ya r d's  ma na ge me nt .    
T he  doc ume nt  ma ke s  r e f e r e nc e  t o t he  r e s e a r c h a nd, a c t ua l l y, di da c t i c s  a c t i vi t i e s , de ve l ope d by 
t he  a ut hor s  i ns i de  t he  ope r a t i ona l  uni t y ST OA of  t he  DAST EC De pa r t me nt , t o t he  Fa c ul t y of  
Ar c hi t e c t ur e  of  Re ggi o Ca l a br i a , It a l y.  
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t hought  f or ms , e nvi r onme nt s , f ur ni t ur e  a nd t e c hni que s  t ha t  f a l l  wi t hi n a n e s t a bl i s he d c ha i n. 
T he r e  i s  t hus  c onf r ont e d wi t h s t a nda r d mode l s  a nd s i mul t a ne ous l y s t udi e d f or  s pe c i f i c  
l oc a t i ons , of t e n 't ur nke y', c ompl e t e  wi t h s e r vi c e  e l e me nt s  a nd f ur ni s hi ngs . 
In r e c e nt  ye a r s , i n f a c t , t he  pr e f a b bui l di ng i ndus t r y ha s  de ve l ope d e nor mous l y movi ng by 
l e a ps  a nd bounds  on c omf or t , e nvi r onme nt a l  s us t a i na bi l i t y, a nd pol l ut i on, f l e xi bi l i t y a nd 
t e c hnol ogy, be l yi ng t he  s t e r e ot i pe  pr e f a br i c a t e d hous e , s hor t -l i ve d a nd l a c k pe r f or ma nc e . 
Pr e f a br i c a t e d r e s i de nc e  be gi ns  t o r e pr e s e nt  a s  de mons t r a t e d by e xa mpl e s  t hr oughout  t he  wor l d, 
a  mode l  of  a r c hi t e c t ur e  wi t h c ha r a c t e r  de s i gn me t hods  a nd a c hi e vi ng pr e c i s e , a bl e  t o pr ovi de  
out put s  hi gh s t a nda r d of  qua l i t y, t a i l or e d s ol ut i ons  f or  t he  buye r , who hope s  t o ha ve  a  uni que  
r e s i de nc e , mode r n, s us t a i na bl e , dur a bl e  a nd, not  l e a s t  i mpor t a nt , l owe r  c os t , bot h a s  r e ga r ds  t he  
pur c ha s e  ma i nt e na nc e . T he  di f f e r e nt   mode s  of  i mpl e me nt a t i on a r e  r e pr e s e nt e d by t he  hous e  
c ont a i ne r s , t he  pr e f a br i c a t e d hous e , modul a r  or  s ys t e ms  c ons t r uc t i on. T he  l a t t e r  a r e  pa r t i c ul a r l y 
i nt e r e s t  of  t hi s  doc ume nt , i n c l os e  r e l a t i on e xpe r i e nc e  t e a c hi ng a nd r e s e a r c h, s t i l l  i n pl a c e , 
c onduc t e d by t he  a ut hor s  a t  t he  Uni ve r s i t y M e di t e r r a ne a  di  Re ggi o Ca l a br i a , Fa c ul t y of  
Ar c hi t e c t ur e . 
2 NEW  ST ANDARDS OF LIV ING 
T he  r e qui r e me nt s  of  t he  s ys t e m c ons t r uc t i on, e nvi r onme nt a l  a nd t e c hnol ogi c a l , t ha t  e xpr e s s  
t he s e  c ha r a c t e r i s t i c s  a r e  pa r t l y known a nd t e s t e d a nd a r e  i n pa r t  t he  c ons e que nc e  of  r e c e nt  de -
ve l opme nt s  i n t he  ove r a l l  r e qui r e me nt s  de f i ne d ups t r e a m. He  hi ghl i ght e d t he  mos t  s i gni f i c a nt  
one s  r e l a t e d t o t he  t i me  c ompone nt  of  t he  pr oj e c t  a nd t he  a r c hi t e c t ur a l  c ons t r uc t i on:  
- De s i gn f l e xi bi l i t y:  wi t h i t ’ s  t o be  unde r s t ood bot h f l e xi bi l i t y t ype  ( a t t i t ude  of  t he  bui l di ng 
s ys t e m t o a l l ow di f f e r e nt  c onf i gur a t i ons  of  s i ze , s ha pe , c or r e l a t i on a nd di s t r i but i on of  s pa c e  
i n us e  pha s e )  a nd t he  t e c hnol ogi c a l  f l e xi bi l i t y ( a bi l i t y of  t he  s ys t e m t o a l l ow c ons t r uc t i on 
f unc t i ona l  a nd c ons t r uc t i ve  i nt e gr a t i on be t we e n t he  t e c hni c a l  e l e me nt s , s ubs t i t ut a bi l i t y, 
a da pt a bi l i t y a nd i nt e r c ha nge a bi l i t y of  e l e me nt s  or  c ompone nt s  pr ovi di ng t he  f unc t i ona l i t y 
a nd pe r f or ma nc e  a ppr opr i a t e  us e ) . M a ke  c ha nge s  i n a  pr e f a br i c a t e d home , bot h wi t h r e s pe c t  
t o t he  ba s i c  l a yout  of  t he  hous e , a nd a f t e r  t he  i ns t a l l a t i on of  t hi s , t he y be c ome , t he r e f or e , 
pos s i bl e  ope r a t i ons  t hr ough t e c hnol ogi c a l  s ys t e ms , c ha r a c t e r i ze d by a r e a s  f or  pl a nt  a ddi -
t i ons  a nd de mount a bl e  s ys t e ms  whi c h f a c i l i t a t e  t he  va r i a bi l i t y a nd ma i nt a i na bi l i t y. 
- Ada pt a bi l i t y:  c a n be  c ons i de r e d a  r e -c onf i gur a bi l i t y not  i ns t a nt a ne ous , i mme di a t e , but  de -
l a ye d i n t i me . T he  i nde pe nde nc e  of  t he  l oc a t i on i s  ba s e d on t he  r e qui r e me nt s  f or  mobi l i t y 
a nd por t a bi l i t y of  t he  obj e c t  t ha t  c a n pr ovi de  or ga ns  f or  ha ndl i ng i nt e gr a t i on, or  mus t  r e l y 
on t he  me a ns  of  t r a ns por t . T he  move me nt s  c a n not  be  s e pa r a t e d f r om t he  di me ns i ona l  c on-
t r ol  of  t he  s ha pe  of  t he  uni t  l oa d, whi c h i s  us e d t o c ompa c t  s ys t e ms  ( or  e xpa nd dur i ng op-
e r a t i on)  or  r e move d a nd r e pl a c e d. 
- Re ve r s i bi l i t y:  a s  c ha r a c t e r i s t i c  of  a  bui l di ng s ys t e m t o be  de -c ons t r uc t e d s o t ha t  t he  t e c hno-
l ogi c a l  e l e me nt s  ( ma t e r i a l s , pa r t s , c ompone nt s  or  s ys t e ms ) , whi c h i s  ye t  t o be  c ons i de r e d a s  
r e a l  r e s our c e s  ( a nd not  r e s i due s , di s c a r ds , r e f us a l s )  f r om r e i nt r oduc e d i n a  s ubs e que nt  
ma nuf a c t ur i ng pr oc e s s  or  t o r e i nt e gr a t e  i nt o t he  wi l d. T he  bui l di ng s ys t e m ma y ha ve  di f f e r -
e nt  de gr e e s  of  r e ve r s i bi l i t y de pe ndi ng on t he  pe r f or ma nc e  l e ve l  t ha t  pr oduc t s  de r i ve d f r om 
i t s  di s pos a l  c ompa r e d t o r e t a i n t he  or i gi na l  c ondi t i ons  of  e mpl oyme nt  or  i n r e l a t i on t o ne w 
us e s . Pr e di c t i ng t he  de s t i na t i on of  t he  wa s t e  f r om t he  de -c ons t r uc t i on i s  r e l a t e d t o t he  r e -
qui r e me nt s  of  r e c yc l a bi l i t y a nd r e us a bi l i t y. 
- Ec onomi c  a f f or da bi l i t y:  i n t he  It a l i a n pr ope r t y ma r ke t , a  pr e f a br i c a t e d hous e  c os t s  de f i -
ni t e l y l e s s  of  a  t r a di t i ona l  r e a l  e s t a t e .  
- Ea s e  a nd s pe e d of  i ns t a l l a t i on:  f or  s t r uc t ur e s  e qui ppe d wi t h f a c i l i t i e s  f or  a ut oma t i on t e c h-
nol ogy, r a ngi ng f r om a n a ve r a ge  of  f our  t o s i x mont hs  of  t he  ya r d. 
- T he  e f f i c i e nc y of  pl a n:  Pl a ns  f or  t he  i ns t a l l a t i on a l l ows  t o qui c kl y me e t  c ode s  a nd r e gul a -
t i ons  t hr ough t he  a ppr ova l  of  bui l di ng pe r mi t s  a nd pr ovi de  t he  pur c ha s e r  wi t h a  f ul l y c us -
t om home . 
T he  ne e d a l s o t o e ns ur e  ve r s a t i l i t y i n a ny c ondi t i on of  e mpl oyme nt , me a ni ng f l e xi bi l i t y i n 
pe r f or ma nc e  of  t he  c ompone nt s , i s  be i ng pur s ue d wi t h t he  t e c hni que  of  " dr y s t r a t i f i c a t i on" , a c -
c or di ng t o whi c h t he  r e qui r e d pe r f or ma nc e  i s  a c hi e ve d wi t h t he  j uxt a pos i t i on a nd i nt e gr a t i on of  
l a ye r s  or  s pe c i f i c  i t e ms . In t hi s  s e ns e , t he  t e c hnol ogi c a l  c hoi c e  of  " dr y s t r a t i f i c a t i on" , be c ome s  
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s ynonymous  wi t h hybr i d t e c hnol ogy whe r e  t he  pe r f or ma nc e  e xpe c t a t i ons  a r e  a c hi e ve d t hr ough 
va r i ous  c ons t r uc t i on t e c hni que s  a nd ma t e r i a l s , but  mor e  a ppr opr i a t e  t o t he  s pe c i f i c  us e . 
3 ST AT E OF T HE ART :  RESIDENCES AND FACT ORY   
T he  i nc r e a s i ng i nt e r e s t  t owa r d t he  de ve l opme nt  of   hi ghl y pr e f a br i c a t e d e vol ve d, s us t a i na bl e , 
i mpl e me nt a bl e , l i ght  a nd t o dr y, pr e f a b-s ys t e m i s  br i ngi ng, t hr ough a  t e c hnol ogi c a l  t r a ns f e r  
f r om t he  i ndus t r i a l  s e c t or , t o t he  de ve l opme nt  of  pr oj e c t s  of  K i t  c a t a l ogue  hous e s . A ma t t e r , f or  
t he  t i me   be i ng, pa r t i c ul a r l y de ve l ope d by t he  Nor t h-Eur ope a n Count r i e s , bot h i n i ndus t r i a l  c i r -
c l e  a nd s c i e nt i f i c . T o s how i t , a r e  di f f e r e nt  c ompa ni e s  t ha t  a r e  i nve s t i ng t he  pr ope r  K now how 
f or  r e a l i ze  c ut t i ng a nd de t a c ha bl e  K i t , t hr ough t he  us e  of  l ow  e nvi r onme nt a l  i mpa c t  ma t e r i a l s   
a nd dr y t e c hnol ogi e s , a s :    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  I K E AS’ B o klo k ho use  insta lla tio n.   
 
- Ike a  t ha t , i n c ol l a bor a t i on wi t h t he  Swe di s h  bui l di ng c ol os s us  Ska ns ka , ha s  r e a l i ze d t he  
wood pr e f a b-s ys t e m, Bokl ok. T he  pr oj e c t  bor ns  i n 1997, i n a ns we r  t o t he  ne c e s s i t y t o pur -
c ha s e  a  r e s i de nc e  i n Swe de n, t o mor e  e c onomi c  pr i c e s , e me r ge d t hr ough a  s t udy  r e a l i ze d 
f r om t he  f ounde r  IK EA i n 1996. T he  BoK l ok hous e s  , ba s e d on t he  s t r e ngt hs  c l i e nt 's  ne e ds , 
a r e  s ma r t  r e s i de nc e s , of  hi gh qua l i t y, wi t h a  f l e xi bl e  pl a n t ype  ope n-s pa c e , a mpl e  l e ngt hs  
a nd a mpl e  ope ni ngs , gua r a nt e e i ng vi s ua l  a nd br i ght  c omf or t . T he  c ons t r uc t i on/ a s s e mbl a ge  
i s  r e a l i ze d by s pe c i a l i ze d wor ke r s  i n l e s s  t ha n a  mont h. T he  r e s i de nc e s , f ol l ow pl a i n of  i n-
dus t r i a l  wor kma ns hi p e nt i r e l y s i mi l a r  t o t hos e  of  a n i nt e gr a t e d c ha i n. A c ons t r uc t i ve  wood 
f r a me d s ys t e m, wi t h wood i ns ul a t e d pa ne l s  s a ndwi c h, de ve l ope d by t he  Pe a c e  T i mbe r  Sys -
t e ms  of  M i l t on K e yne s , t o c l i mb on  t he  ya r d, t o r e duc e  t he  t i me s  of  c ons t r uc t i on ma i nt a i n-
i ng t he  qua l i t y a l l owe d by a n i ndus t r i a l  pr oduc t i on. T he  s ys t e m,  a l l ows  t he  ma xi mum 
f l e xi bi l i t y i n t he  a ddi t i on of  hous i ng uni t y, i n t he  c hoi c e  of  di f f e r e nt  t ypol ogi e s  of  c ove r i ngs  
a nd i n t he  f i t t i ngs  i nt e gr a t i ons  f or  t he  e ne r ge t i c  s a vi ng a s  s ol a r  pa ne l s  or  ot he r .   
- T oyot a :  e mpl oye d f r om ove r  20 ye a r s  i n t he  bui l di ng s e c t or , us i ng t he  s a me  t e c hnol ogi e s  
us e d i n t he  c ons t r uc t i on of  mot or c a r s  but , s ui t i ng t he me  f or  t he  r e a l i za t i on of  mode r n pr e -
f a b-bui l di ngs  r e s i s t a nt  t o t he  e a r t hqua ke s . T he  ne w e c ol ogi c a l  ne c e s s i t y c ompa r e d t o t he  
a ut o ma r ke t  wi t h t he   de s i gn of  hybr i d mot or c a r s  a l l ows  t he  T oyot a  t o i nve s t  i n i de a s  t ha t  
a l l ow a  m ut ua l  e xc ha nge  of  e ne r gy be t we e n t he  r e s i de nc e  a nd t he  mot or c a r ;  T oyot a  i nt e r -
a c t s  wi t h t he  e l e c t r i c  s ys t e m a l l owi ng t he  mot or c a r  t o e nt e r  t o t he  pa ne l  of  r e c ha r ge  but , a t  
t he  s a me  t i me , t o a c t  i n ge ne r a t i ng of  e ne r gy. Of  t he  s t e e l  f r a me d hous e s , e xi s t  12 ve r s i ons . 
T he  s t e e l  f r a me s  i n t he  hous e s  a r e  pa i nt e d wi t h a nt i c or r os i ve  pa i nt  us i ng me t hods  a dopt e d 
f r om i t s  c a r  pr oduc t i on. T he  wi ndows  of  t he  hous e s  a r e  ma de  f r om t he  s a me  s ha t t e r -
r e s i s t a nt  gl a s s  t ha t  T oyot a  us e s  i n hi s  c a r s  t o de t e r  bur gl a r s .  
T oyot a  e ngi ne e r s  a r e  a l s o e xpe r i me nt i ng wi t h us i ng s ol a r  pa ne l s  a s  hous e  s i di ng a nd powe r -
i ng home s  wi t h f ue l  c e l l s , whi c h c ombi ne  hydr oge n a nd a i r  t o pr oduc e  e l e c t r i c i t y. 
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Figur e  2 .  J a p a ne se  ho using p r o d uc tio n ( T o yo ta ) .  Fo nt: G e tty I ma ge s 
 
- Bos c h:  t he  s ys t e m of  pr of i l e s  i n a l umi num l e a gue  6060 - T 5,  bor n f or  di f f e r e nt  us e s  i n 
c ompa r i s on t o t ha t  a r c hi t e c t ur a l , i t  ha s  be e n mor e  t i me s  e xpe r i me nt e d f or  t he  r e a l i za t i on of  
" K i t "  r e s i de nc e s , i n whi c h t he  s ys t e m a c t s  f r om c a r r yi ng s t r uc t ur e . T he  s c r e w c onne c t i ons  
a mong t he  pr of i l e s ,  a l l ow a  l a yi ng f a s t  wor k a nd s i mpl i f i e d, a l s o f ur ni s hi ng a  good qua l i t y 
of  r e s i s t a nc e  f or  t he  bi g l oa ds . Among t he  pr i nc i pa l  e xa mpl e s  of  r e a l i ze d r e s i de nc e s :    
- Lobl ol l y Hous e , de s i gne d a nd r e a l i ze d by t he  K T A s t udy  ( K i e r a n-T i mbe r l a ke  As s oc i a t e ) . 
It 's  a  c ons t r uc t i on pr e f a br i c a t e d on c ompone nt , i n whi c h a  " K i t "  of  pa r t s   c a n be  di s mount e d 
a nd r e c ons t r uc t e d wi t h di f f e r e nt  c onf i gur a t i ons  f or  di f f e r e nt   pl a c e s  or  r e s i de nc e s . Be s i de s  
t he  f r a me d a l umi num s t r uc t ur e , t he  pr i nc i pa l  pa r t s  a r e :  a t t i c s  a nd pr e f a br i c a t e d c e i l i ngs   
wi t h i nt e gr a t e d wi r i ng a nd c a r t r i dge s , pr e -a s s e mbl e d ba t h a nd ki t c he n modul e s   a nd i nf i l l  
pa ne l s  i n wood of  c e da r . Not  ha vi ng be e n de s i gne d f or  a r c hi t e c t ur a l  us e , t he  Bos c h s ys t e m 
ha s  be e n i nt e gr a t e d by a r c hi t e c t s  f r om a  gr oup of  f i ve  ne c e s s a r y c onne c t or s  t o s a t i s f y t he  
s t r uc t ur a l  r e qui s i t e  of  a  bui l di ng wi t h t hr e e  f l oor s .   
- T he  T K  i T  Hous e , pl a nne d by t he  Ca l i f or ni a n s t udy T a a l ma nkoc h, i t 's  a  pr e f a br i c a t e d r e s i -
de nc e , a l r e a dy r e a l i ze d i n di f f e r e nt  ve r s i ons  i n USA, i n whi c h t he  K i t  of  a s s e mbl a ge  i s  c on-
s t i t ut e d, be s i de s  t he  f r a me wor k i n Bos c h's  a l umi num pr of i l e , f r om a  s t e e l  c ove r a ge  i n s t e e l  
a nd phot ovol t a i c  r oof , f r om a  gl a s s  f a ç a de  a nd s c r e e n pa ne l s  i n vi nyl  ma t e r i a l , f r om a  r a di -
a nt  f l oor , f ur ni s he s  a nd e qui pme nt s  t o be  c hos e n t o c a t a l ogue .   
- Li gnot r e nd:  s ys t e m of  modul a r  pr e f a br i c a t i on c ons t i t ut e d by a  he a r t  i n wood, wi t h hi gh 
c ha r a c t e r i s t i c s  of  s e i s mi c  r e s i s t a nc e  a nd t he r ma l - hygr ome t r i c  pe r f or ma nc e s  t ha t  r e s pe c t s  
t he  Eur ope a n l e gi s l a t i ons  i n s ubj e c t  of  s t a t i c s , a nt i s e i s mi c , t he r ma l -a c ous t i c  i ns ul a t i on,  
pr e ve nt i on f i r e pr oof  a nd e ne r ge t i c  s a vi ng. T he  pa ne l s  a r e  gl ue d wi t h gl ue  of  pol yur e t ha ne  
de pr i ve d  of  f or ma l de hyde  a nd c e r t i f i e d i n c l a s s  of  i s s ue  E0, t ha t  doe s n't  e xude  pol l ut i ng 
s ubs t a nc e s . T he  wood gl ue d l a ye r s  gua r a nt e e  t he  s t a bi l i t y i n t he  f or m, t he  a bs or pt i ve  c a pa c -
i t y a nd t he  r e gul a r i za t i on of  t he  da mp. T he  s ys t e m Li gnot r e nd a l l ows  a  r a pi d a s s e mbl a ge  s o 
t ha t  t o r e duc e  t he  t i me s  of  ya r d of  a r ound 70% . T he  e l e me nt s  a r e  mul t i f unc t i on a nd i t 's  pos -
s i bl e  t o i nt e gr a t e  e l e c t r i c  c a bl e s  a nd i ns t a l l a t i on t ube s .   Di f f e r e nt l y of  t he  c ons t r uc t i ons  i n 
ma s onr y a  pr of i t  i s   a r ound t he  10%  of  ha bi t a bl e  s ur f a c e  i n mor e , t ha nks  t o t he  r e duc e d 
t hi c kne s s  of  t he  pa ne l s . T he  e c ol ogi c a l  c yc l e  i s  r e s pe c t e d by t he  c hoi c e  of  t he  ma t e r i a l s  up 
t o t he  di s pos a l .   
- LOQ ki t :  i t ’ s  a  s ys t e m of  K i t  pr e f a br i c a t e d c ompone nt s , i nt e r c ha nge a bl e  f or  r e s i de nc e s , 
e a s y t o a s s e mbl e  a nd c us t omi za bl e . LOQ ki t  i t 's  ba s e d on a  t e c hni c a l  r e vol ut i on i n hous e -
bui l di ng, pr opos i ng a  mode l  of  c i r c ul a r  pr ogr e s s , i n whi c h t he  a c t or s  of  t he  t r i a l  a r e  t i e d up 
f r om a n onl y c ommon obj e c t i ve :  t ha t  t o s t a r t  a n or c he s t r a t e d pl a n, f or  r e a l i ze   mor e  hous e s  
t hr ough s us t a i na bl e  t e c hnol ogi e s , t o a c c e s s i bl e  pr i c e s . 
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Figur e  3 .  Lo q K it d iffe r e nt c o nfigur a tio ns.  Fo nt:  www. lo q -kit. c o m 
 
W he n a  c l i e nt  pur c ha s e  a  hous e  LOQ K i t , t he i r  hous e  wi l l  be  i nc l ude d i n a  ma i nt e na nc e  pr o-
gr a m of  t he  l i f e  c yc l e . T he  l i f e  c yc l e  of  t he  r e us a bl e  c ompone nt s  i s  s ubmi t t e d t o c a r e f ul  c ont r ol s  
of  t he  Loq-ki t  s oc i e t y, gua r a nt e e i ng t he  r e l i a bi l i t y of  i t . 
In t he  mome nt  i n whi c h i t  l owe r s  t he  pe r f or ma nc e  l e ve l  of  t he  s a me , t he  s oc i e t y  wi t hdr a ws  t he  
c ompone nt s  a nd di vi de  t he m i n s i ngl e  pa r t s , pr of i t s  t o be  r e c yc l e d i n ne w c ompone nt s . It  de a l s  
wi t h a  s us t a i na bl e  e c onomi c  pr ogr a m of  r e us e , t ha t  a s s ur e s  t ha t  t he  c ompone nt s  don't  f i ni s h i n 
t he  dumps , c ont r i but i ng t o t he  r e duc t i on of  t he  C&D wa s t e s . T he  c ompone nt s , of  di f f e r e nt  di -
me ns i ons  a nd t he  c onne c t i ons , a r e  ge ome t r i c a l l y c oor di na t e d.  T he  c onne c t i ons  a r e  c ha r a c t e r -
i ze d by t he  s ys t e m " s na p-l oc k" , t ha t  a l l ows  t o t he  s i ngl e  pa r t s  t o be  r e move d, s ubs t i t ut e d or   
e ve n t o be  us e d i n a not he r  r e s i de nc e . T he  K i t  of  a s s e mbl a ge  i s  f or me d f r om t hr e e  t ype s  of  c om-
pone nt s :  modul a r  f r a me  s t r uc t ur e   ( i n r e c yc l e d s t e e l ) , modul a r  i nf i l l  a nd modul a r  c ove r i ng 
" s na p" .   
 
Among t he  pr i nc i pa l  ma nuf a c t ur i ng  of  pr e f a br i c a t e d r e s i de nc e s , a r e  unde r l i ne d:    
- Envi s i on Pr e f a b:  i t  r e a l i ze s  a  s us t a i na bl e  pr e f a br i c a t e d t o ze r o i mpa c t  , us i ng c ont a i ne r  wi t h 
s ys t e ms  of  e ne r ge t i c  pr ovi s i oni ng a nd r e s our c e s  t ha t  c ombi ne  s ol a r  a nd phot ovol t a i c  pa ne l s   
a nd LED i l l umi na t i on  .    
- Ec ho-St e e l  Home s :  i t 's  ba s e d on a  r a t i ona l i ze d de s i gn, us i ng t he  76%  of  r e c yc l e d s t e e l   
c omi ng f r om a ut oc a r s , i ndus t r i a l  e qui pme nt s  a nd me t a l  wr e c ks . T he i r  mode l s  i n f a c t  don't  
us e  wood ma ki ng t he m r e s i s t a nt  t o mol d a nd bugs  a nd i ns ul a t i ng t he m i n e f f e c t i ve  wa y.    
- Int e r na t i ona l  Home s  of  Ce da r :  i t 's  i n c ont r a s t  wi t h t he  mode r n i nnova t i ve  de s i gn of  t he  
mos t  gr e a t e r  pa r t  of  pr e f a br i c a t e d, pr opos i ng a  r us t i c  s t yl e , t hr ough t he  us e  of  c e da r  c omi ng 
f r om c he c ke d f or e s t s . T he  ma t e r i a l  of f e r s  a  good dur a bi l i t y, r e s i s t a nc e  t o t he  pa r a s i t e s  a nd 
t he r ma l  r e s i s t a nc e .    
- M ode r n She d:  i t  di r e c t s  t he  de s i gn on t he  modul a r i t y, c r e a t i ng wor ki ng s pa c e s  di r e c t l y c on-
ne c t e d t o t he  r e s i de nc e  a l l owi ng t he  i nt e gr a t i on of  a  modul e  f or  t he  ga r a ge . T he  M ode r n 
She d a i ms  t o t he  de s i gn a nd t o a  s us t a i na bl e  a r c hi t e c t ur e  t ha t  ma ke s  t o c hoos e  t o  own c l i -
e nt s  t he r ma l  i ns ul a t i on i n r e c yc l e d de ni m, c or k f l oor s  a nd ot he r  s us t a i na bl e  f i ni s he s .    
- Ne w Sys t e m Hous e :  i t  pr opos e s  a  bi oc l i ma t i c  pr e f a br i c a t e d r e s i de nc e , t o l ow e ne r ge t i c  c on-
s ume , t ha t  ha s  t he  t e nde nc y t o r e duc e  t o t he  mi ni mum t he  e nvi r onme nt a l  i mpa c t  e xpl oi t i ng 
t he  r e ne wa bl e  e ne r ge t i c  s our c e s . T he  r e s i de nc e  ha s  a n e l e va t e d e ne r ge t i c  pe r f or ma nc e  t ha t  
i s  a t t e s t e d wi t h a  t he r ma l  r e qui r e me nt  ( he a t i ng)  e qua l  t o 20 K W h/ m2 pe r  ye a r ;  i t  ha s  a  
c ompa c t  vol ume  wi t h t he  pur pos e  t o ha ve  t he  mi ni mum di s pe r s a nt  s ur f a c e , wi t h a mpl e  a nd 
br i ght  i ns i de  s pa c e s , r a t i ona l l y di s t r i but e d. On t he  nor t h s i de  , a  vol ume  i s  r i s e n t o us e  ga -
r a ge , wi t h f unc t i on of  f i l t e r , ne c e s s a r y t o mi t i ga t e  t he  t he r ma l  di s pe r s i ons  ( c ol de r  f a ç a de ) . 
On t he  s out h s i de  i t  i s  f or e s e e d t ha t  i t 's  pos s i bl e  t o c l os e  i n t he  wi nt e r  mont hs  wi t h f l owi ng 
gl a s s  door , c r e a t i ng i n t hi s  wa y a  s ol a r  gr e e nhous e  of  he a t 's  a c c umul a t i on. T he  i ns i de  vol -
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ume  i s  a r t i c ul a t e d s o t ha t  t o c r e a t e  a  na t ur a l  ve nt i l a t i on, gua r a nt e e i ng a  c or r e c t  mi c r oc l i -
ma t e  a nd a  good a i r  qua l i t y  bot h dur i ng t he  wi nt e r  a nd dur i ng t he  s umme r .  
- Rubne r  Hous e :  T he  Rubne r  hous e s  i s  r e a l i ze d wi t h ma t e r i a l  e c ol ogi c a l l y a ppr e c i a t e d, 
a mong whi c h t he  wood, but  a l s o wi t h pl a s t e r boa r d  a nd c e l l ul os e  pa ne l s  a nd t he  i ns ul a t i ng 
he mp a nd c or k.  
4 OPEN PROBLEM S ABOUT  M AT ERIAL EFFICIENCY     
T he  pr e f a br i c a t e d r e s i de nc e  be gi ns  t o r e pr e s e nt , a s  s hown by e xa mpl e s  i n a l l  t he  wor l d, a  
mode l  of  a r c hi t e c t ur e  wi t h c ha r a c t e r s , de s i gn me t hods  a nd r e a l i za t i on we l l  pr e c i s e , i n de gr e e  t o 
f ur ni s h r e a l i za t i ons  f r om t he  e l e va t e d qua l i t a t i ve  s t a nda r d, c us t om s ol ut i ons  f or  t he  c l i e nt , t ha t  
hope s  t o ha ve  a n uni que , mode r n, s us t a i na bl e , dur a bl e  i n t he  t i me  r e s i de nc e  a nd, a s pe c t  not  l e s s  
i mpor t a nt , f r om t he  mos t  c ont a i ne d c os t s , bot h a s  i t  r e ga r ds  t he  pur c ha s e  t ha t  t he  ma i nt e na nc e .   
De s pi t e  t he  e l e va t e d r e s ona nc e  of  t he  s us t a i na bl e  pr e f a br i c a t i on's  s e c t or , f e w of  t he m a c t u-
a l l y, r e a c h e l e va t e d l e ve l s  of  e ne r ge t i c  c e r t i f i c a t i on a nd  ma ke  a n e f f i c i e nt  us e  of   ma t e r i a l s  dur -
i ng t he  pr oduc t i ve  pr oc e s s e s .    
T he  t e c hnol ogi c a l  ma na ge r s  of  t he  t e mpor a r i ne s s  pr i vi l e ge , a s  t he  pr e c e di ng e xa mpl e s  s how, 
t he  c ons t r uc t i ve  s ys t e ms  i n r e c yc l e d me t a l , a l umi num, c e r t i f i e d wood a nd pl a s t i c  ma t e r i a l  .    
Be s i de s  t he  ma t e r i a l  c hoi c e , t he  of f -s i t e  de s i gn i s  ba s e d on a dva nc e d modul a r  s ys t e ms , on 
ne w de s i gn, mode l s  a nd i nnova t i ve  pr oduc t s , wi t h t he  obj e c t i ve  t o mi ni mi ze  C&D wa s t e s  a nd  
di s c a r ds  t o r e a l l y ma xi mi ze  a n e ne r ge t i c  e f f i c i e nc y a nd a  pos s i bl e  e c ode s i gn.    
T he  e nvi r onme nt a l  c omf or t  i s  ma i nl y gua r a nt e e d f r om t he  hous i ng s ys t e m t hr ough t he  e nve -
l ope . T hi s  ha s  t o f ur ni s h t he  ne c e s s a r y pe r f or ma nc e  l e ve l s  t o a ns we r  t o t he  r e qui s i t e s  a bout   
t he r ma l  a s pe c t s , hygr ome t r i c , a c ous t i c , vi s ua l , br i ght , of  a  nor ma l  r e s i de nt i a l  a c t i vi t y, t hr ough a  
de s i gn t ha t  c onj uga t e s  t he  de s i gn a nd t e c hnol ogi c a l  a s pe c t s  t o t hos e  e nvi r onme nt a l .   
T he  ma t e r i a l  c hoi c e  of  a  pr e f a br i c a t e d r e s i de nc e  e ngr a ve s , na t ur a l l y, on t he  pe r f or ma nc e  l e v-
e l s   i n di f f e r e nt  wa y:    
- f or  wood c ons t r uc t i ve  s ys t e ms :  t he  c hoi c e  of  t he  woody e s s e nc e s  t o be  e mpl oye d f or  t he  
c ons t r uc t i on i s  r e ma r ka bl e , a ppr a i s i ng t he  ma t e r i a l 's  a va i l a bi l i t y i n s i t e , wi t h l e a s t  e ne r ge t i c  
c ons umpt i ons   f or  l umbe r 's  t r a ns por t   a nd pr i vi l e gi ng t he  c oni f e r s  i n c ompa r i s on t o t he  
br oa dl e a f , f or  t he  mos t  gr e a t e r  na t ur a l  pr ot e c t i on gi ve n by t he  r e s i ns . T he  c ons t r uc t i ve  t r i a l  
f or e s e e s  a  r e duc e d  r e qui r e me nt  of  e ne r gy i n c ompa r i s on t o t ha t  of  t he  t r a di t i ona l  bui l di ngs , 
t ha nks  t o t he  e a s y ma t e r i a l 's  wor ka bi l i t y. Pr obl e ms  a r e  ha r dl y s e t  r e l a t e d t o t he  t he r ma l  
br i dge s , t ha nks  t o a n e ne r ge t i c  be ha vi our  of  t he  s t r uc t ur e  a l mos t  a l wa ys  homoge ne ous .   
- f or  a l umi num c ons t r uc t i ve  s ys t e ms :  t he  l e a gue 's  c hoi c e  i s  f unda me nt a l , be c a us e  i t  mus t  be  
wa t e r  a nd c or r os i on r e s i s t a nt , f or  a  l ong s e r vi c e  l i f e , a nd mus t  gua r a nt e e  a  good me c ha ni c a l  
r e s i s t a nc e  of  t he  e l e me nt s  a nd a  good wor ka bi l i t y  t o ge t  pr of i l e s  f i t  t o us e . T he  a l umi num 
ha s  a  vol ume  de ns i t y  e qua l  t o 2,7, t ha t  i s  a r ound 1/ 3 of  t ha t  of  t he  s t e e l . It 's  me c ha ni c a l  r e -
s i s t a nc e  c a n be  modi f i e d i n r e l a t i ons hi p t o t he  a ppl i c a t i on's  t ype   whi c h i s  de s t i ne d t hr ough 
t he  e mpl oyme nt  of  a ppr opr i a t e  bi ndi ng. T he   de s i gn f l e xi bi l i t y  a l l owe d by t he  a l umi num 
s t r uc t ur a l  pr of i l e s  a nd t he  e l e va t e d r e s i s t a nc e -hung r a t i o, a r e  s ome how t he  r e a s ons  f or  
whi c h i n t he  l a s t  ye a r s  t hi s  s ys t e m ha s  be c ome  obj e c t  of  a r c hi t e c t ur a l  e xpe r i me nt a t i ons  i n 
t he  e xt r a e ur ope a n pa nor a ma . T he  good t he r ma l  c onduc t i bi l i t y i n s ome  c a s e s  c a n c ons t i t ut e  
a  di s a dva nt a ge  whi c h, howe ve r , i t  e a s i l y ma ke s  up f or  t hr ough pa r t i c ul a r  pr of i l e 's  de s i gn  
a nd us i ng t he r ma l  c ut s  wi t h i ns ul a t i ng ma t e r i a l . 
5 T HE PROPOSAL  
W i t h t he  pur pos e  t o ma ke  ope r a t i ona l  t he  r e s e a r c h, i t  i s  c ur r e nt l y i n pr ogr e s s  a  c onve nt i on 
a mong De pa r t me nt  DAST EC ( Ar t , Sc i e nc e  a nd T e c hni que  of  Cons t r uc t i on)  of  t he  M e di t e r r a -
ne a  Uni ve r s i t y of  Re ggi o Ca l a br i a  a nd a  f i r m i n t he  f i e l d of  t he  e f f i c i e nt  f i t t i ngs , na me d T e r mo-
c a s a , he a dqua r t e r e d i n Re ggi o Ca l a br i a .    
T he  Conve nt i on ha s  t he  pur pos e  t o e f f e c t  a n a c t i on of  r e s e a r c h ha vi ng t he  f ol l owi ng obj e c t :    
" experimentation of housing (named Tecnemi) to improve the energetic efficiency and to in-
crease energy's quota consumed coming from renewable sources, promoting the opportunities' 
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of local development " , i n l oc a l i t y La zza r o of   M ot t a  Sa n Gi ova nni  c ommune  ( R.C.)  T he  s c i e n-
t i f i c   r e s pons i bl e  of  t he  pr oj e c t  a r e  t he  Pr of . A. Ne s i  a nd A. De  Ca pua . T he  de s i gn pa r t   i s  t a ke n 
c a r e  by t he  PhD M . Ave r s a .   
T he  i nt e r ve nt i on a r e a s  of  t he  pr ogr a m, r e ga r di ng t he  pr oduc t i on of  r e ne wa bl e  s our c e  e ne r gy 
a nd t he  pr omot i on of  t he  e ne r ge t i c  e f f i c i e nc y, a r e :    
- T he  pl a nni ng a nd t he  c ons t r uc t i on of  i nt e gr a t e d mode l s  of  i nt e r ve nt i on, bot h i n r e l a t i ons hi p 
t o t he  e ne r gy pr oduc t i on f r om r e ne wa bl e  s our c e s  bot h i n r e l a t i ons hi p t o t he  e ne r ge t i c  s a v-
i ng, pa r t i c ul a r l y i n a r e a s  t o s t r ong e nvi r onme nt a l  voc a t i on;    
- T he  c ons ol i da t i on, t he  gr owt h a nd t he  di f f us i on of  i nf or ma t i on a nd know-how t ha t  c a n a l -
l ow a wa r e  de c i s i ons  f r om t he  a dmi ni s t r a t i ons  a nd of  t he  popul a t i on.   
T he  r e s e a r c h a c t i vi t y  l e nt  by t he  uni ve r s i t y c ons i s t s  of  pr oduc i ng:    
- A me t hodol ogy of   t he or e t i c a l -pr a c t i c e  a ppr oa c h on whos e  ba s e  t o pr ogr a m, t o pl a n, t o r e a l -
i ze  a nd t o a ppr a i s e  bui l di ng i nt e r ve nt i ons  wi t h t he  pur pos e  t o gua r a nt e e  t he  e ne r ge t i c  e f f i -
c i e nc y of  t he  bui l di ngs .    
- Cr i t e r i ons  a nd de s c r i pt i on of  t e c hni c a l  s ol ut i ons  a nd r e l a t i ve  s pe c i f i c  c a pi t ul a r i e s .   
- T hi s  i s  f i na l i ze d t o t he  r e a l i za t i on of  a  bui l di ng pr ot ot ype  on whi c h t o e xpe r i me nt  t he  pr o-
pos e d s ol ut i ons .   
T he  c ons t r uc t i ve  mode l  ( s t r uc t ur e , bui l di ng wr a p, f i t t i ngs )  c ur r e nt l y i n pha s e  of  de s i gn e l a bo-
r a t i on  t o t he  DAST EC, ha s  t he  obj e c t i ve  t o e xpe r i me nt  a  s t r ong i nt e gr a t i on of  t he  pr i nc i pa l s  
f a c t or s   ( a r c hi t e c t ur e , c ons t r uc t i ve  t e c hni que s , f i t t i ngs ) , t hr ough dr y t e c hnol ogi e s , t o t he  pur -
pos e  t o r e a c h t o a n e l e va t e d e nvi r onme nt a l  c omf or t , a nd t o a  me a ni ngf ul  e ne r ge t i c  s a vi ng. Suc h 
a bi l i t i e s  c a n be  e xpr e s s  a c c or di ng t o s ome  f unda me nt a l  poi nt s :    
- T he  r e duc t i on of  t he  e ne r ge t i c  r e qui r e me nt  i mpr ovi ng t he  e f f i c i e nc y of  t he  e nve l ope  
t hr ough t he  me a ni ngf ul  e xpl oi t a t i on of  t he  r e ne wa bl e  e ne r ge t i c  s our c e s .    
- T he  e xpl oi t a t i on of  t he  na t ur a l  e l e me nt s  t o ge t  c ondi t i ons  of  i ns i de  c omf or t , i nt e gr a t e d f r om 
s ol a r  pr of i t  a nd of  t he  ot he r  l oc a l  c l i ma t i c  f a c t or s , t hr ough a n a ppr oa c h de f i ne d by t he  l i t -
e r a t ur e  " c l i ma t e  s e ns i t i ve  bui l di ng" . T he  a s s i gnme nt  of  t he  f i t t i ngs  i s  not  t he r e f or e , a s  i t  
ha ppe ns  i n t he  mos t  gr e a t e r  pa r t  of  t he  c a s e s , c ompe ns a t e  t o t he  pe r f or ma nc e  l a c ks   of  t he  
bui l di ng, but  of  i nt e gr a t i on a nd  s uppor t  t o t he  e nve l ope 's  s pont a ne ous  t e nde nc y  t o ma i n-
t a i n c omf or t i ng i ns i de  c ondi t i ons . 
T o f or e he a d of  a n a bs ol ut e  i nt e gr a t i on of  t he  f i t t i ngs  s ys t e ms  i n t he  e l e me nt s  of  e nve l ope  a nd 
pa r t i t i on, bot h i n t he  ne t s  of  di s t r i but i on a nd i n t he  s ys t e ms  of  pr ovi s i oni ng, i t 's  c hos e n t o i ns e r t  
i n i nt e gr a t e d wa y t he  t e c hnol ogi c a l  s ys t e ms  of  a c qui s i t i on a nd e xpl oi t a t i on of  t he  r e ne wa bl e  
e ne r ge t i c  r e s our c e s  ( s ol a r  t he r ma l , phot ovol t a i c , ge ot he r ma l  e t c .) .   
For  t he  t e c hni c a l  a nd c ons t r uc t i ve  de f i ni t i on of  t he  hous i ng f or m " T e c ne ma " , c ohe r e nt l y wi t h 
t he  mor e  a c t ua l  t e c hnol ogi c a l  t r e nd of   t e mpor a r y c ons t r uc t i ons , i t 's  c hos e n t o a dopt  dr y c on-
s t r uc t i ve  s ys t e ms .   
T hi s  t e c hnol ogy ( T r oc ke nba u i n Ge r ma ny, St r uc t ur e -Enve l oppe  i n Fr a nc e ) , i t 's  c ha r a c t e r i ze d 
f or  t he  t a l l  de s i gn gr a de   of  t he  t e c hni c a l  s ol ut i ons  i s  c ha r a c t e r i ze d f or  t he  dos a ge  of   ma t e r i a l s , 
a nd t he r e f or e  of  t he  pe r f or ma nc e s  ( t he r ma l , a c ous t i c s , f i r e pr oof , e t c .) , wi t hout  r e ve r t i ng i n t he  
e r r or s  of  t he  pr e f a br i c a t i on.   
T he  s ys t e m e s s e nt i a l l y i t 's  ba s e d  on a  c ons t r uc t i ve  pa r a di gm r e l e a s e d i n s e pa r a t e  e nt i t y, wi t h   
pr e c i s e  f unc t i ons  a nd pe r f or ma nc e s , t ha t  a r e :    
- e xt e r na l  e nve l ope    
- s t r uc t ur e    
- ne t s  a nd f i t t i ngs  e ndowme nt s    
- i ns i de  e nve l ope    
T he  s t r uc t ur a l  c ompone nt  i s  c onf or me d by a  f r a me wor k s t e e l , t he  e nve l ope  i ns i de  a nd out -
s i de  a r e  c ons t i t ut e d by pa ne l s  c ompos e d by i ns ul a t i ng l a ye r s   a nd " s ki ns "  of  f i ni s h e xt e r na l -
i ns i de , t he  di vi di ng wa l l s  a r e  c ompos e d f r om a  doubl e  pl a s t e r boa r d pl a t i ng.   
6 CONCLUSIONS  
Pr e f a br i c a t i on a nd s us t a i na bi l i t y a r e  now t wo c ompl e me nt a r y a s pe c t s  of  a  ne w t r e nd of  bui l di ng 
s ys t e ms  i n of f -s i t e , ma de  wi t h ma t e r i a l s  a nd e nvi r onme nt a l l y f r i e ndl y t e c hnol ogi e s  a nd e ne r gy 
Chapter 3: Low cost sustainable building solutions
199
e f f i c i e nc y, a  pos s i bl e  s c e na r i o f or  de ve l opme nt , pr i ma r i l y t o r e s pond t o a  s oc i a l  de ma nd f or  
r e s i de nt i a l . 
T he  t r e nd i n t he  wor l d of  s us t a i na bl e  pr e f a br i c a t e d i s  f a i r l y c l e a r  a nd a i me d a t  a  r e duc t i on i n 
t he  s i ze  a nd s pe c i a l i za t i on of  f unc t i ona l  e nve l ope  l a ye r s  t o a c hi e ve  hi ghe r  e ne r gy e f f i c i e nc y. 
T he  ne w c ha l l e nge  f or  c ompa ni e s  t ha t  ma ke  r e a dy-ma de  i s , i n f a c t , a  ba l a nc e  be t we e n t he  
e c onomy of  a n i nnova t i ve  de s i gn a nd s us t a i na bl e  c ons t r uc t i on a  r e a l i t y a nd c os t s  of  r a w ma t e r i -
a l s . 
T he  a i m ha s  s hi f t e d t owa r ds  a c hi e vi ng e ne r gy-e f f i c i e nt  s t r uc t ur e s , c a pa bl e  of  r e duc i ng t he  
c ons umpt i on of  r a w ma t e r i a l s , t o s e l e c t  he a l t hy a nd s us t a i na bl e  ma t e r i a l s , t o c hoos e  s i t e s  a nd 
me t hods  of  i ns t a l l a t i on t ha t  c a n mi ni mi ze  t he  i mpa c t  of  c l i ma t e  ( i n pa r t i c ul a r  e xpos ur e ) , i n 
whi c h t he  f unda me nt a l  r ol e  i t  pl a ys  a l wa ys  t he  de s i gne r , not  t he  c ons t r uc t i ve  me t hod. Pr e f a br i -
c a t e d hous e s  s t i l l  de pe nd on e xt e r na l  a ge nt s  t ha t  c a n bl oc k t he  i ns t a l l a t i on a s  i s  t he  c a s e  f or  t he  
c onne c t i on of  ga s , e l e c t r i c i t y a nd wa t e r  a t  l e s s  t ha n a  pr e f a b s us t a i na bl e  e ne r gy t o ge ne r a t e  e l e c -
t r i c i t y i nde pe nde nt l y, e l i mi na t i ng c onne c t i ons  t o e l e c t r i c i t y a nd ga s . 
T he  r e s e a r c h, t he r e f or e , wi l l  of f e r  s uppor t , t e s t  a nd e va l ua t e , pos s i bl e  pr oj e c t  pr opos a l s , c ur -
r e nt l y i n pr e pa r a t i on, t e a c hi ng e xpe r i e nc e  of  t he  a ut hor s  of  t he  doc ume nt . W i l l  be  pr opos e d de -
s i gn s ol ut i ons  t ha t  c ombi ne  e ne r gy a nd e nvi r onme nt a l  pe r f or ma nc e  of  ma t e r i a l s  wi t h of f -s i t e  
c ons t r uc t i on s ys t e ms  a na l yze d i n r e l a t i on t o i s s ue s  a f f e c t i ng t he  l oc a t i on i n t he  M e di t e r r a ne a n 
e nvi r onme nt . 
T he  dr y c ons t r uc t i on s t r a t i f i e d, r e pr e s e nt s  i n t he  t e c hni c a l  pa nor a ma  t he  mor e  a dva nc e d e x-
a mpl e   of  r a t i ona l i za t i on of  t he  c ons t r uc t i ve  pr oc e s s e s  a t t a i na bl e  t hr ough e l e va t e d i ndus t r i a l i za -
t i on gr a de s .   
In c ompa r i s on t o t he  e xpe r i me nt a t i on i n a c t i on, i t  ha s  be e n ve r i f i e d t ha t  t he  " e ne r ge t i c "  a d-
va nt a ge   of  t he  dr y c ons t r uc t i on s t r a t i f i e d r e s i de s  e s pe c i a l l y i n t he  di ve r s i f i c a t i on of  t he  l a ye r s .    
Fr om t he  poi nt  of  vi e w of  t he  a r c hi t e c t ur a l  l a ngua ge , t he  s e pa r a t i on be t we e n s t r uc t ur a l  pa r t s  
a nd e nve l ope  s ys t e m  f a c i l i t a t e s  t he  a mpl i f i c a t i on of  t he  e xpr e s s i ve  a nd or ga ni za t i ona l  pos s i bi l i -
t i e s  of  t he  e xt e r na l  c ur t a i ns , c ondi t i one d by t he  pr e s e nc e  of  s t r uc t ur e  e l e me nt s   t o ve r t i c a l  de -
ve l opme nt . Fr om t he  t e c hnol ogi c a l  poi nt  of  vi e w, t he  s ys t e m a l l ows  t o s a t i s f y mor e  a nd mor e  
r a nge s  of  punc t ua l  pe r f or ma nc e s :  de ma nds  of  e nvi r onme nt a l  c ha r a c t e r , f i t t i ngs  a ppl i c a t i ons  
t ype ,  s ol ut i ons  t o s t i mul a t e  t he  pa s s i ve  us e  of  t he  r e s our c e s , e mpl oyme nt  of  f i t  ma t e r i a l s  t o a n-
s we r  t o t he  l e gi s l a t i ons  of  c ont a i nme nt  of  t he  e ne r ge t i c  c ons umpt i ons  e t c .   
Eve r ybody c hoi c e s  t ha t  c e r t a i nl y c onduc t  t o t he  a t t a i nme nt  of  a  s upe r i or  e nvi r onme nt a l  c om-
f or t  t o t ha t  pr e s e nt  i n a  t r a di t i ona l  c ons t r uc t i on. 
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1 INTRODUCTION 
 
Building envelope plays a vital role in the whole thermal performance of the building and all its 
components must be carefully designed. Windows, including the glazing, the frame and the 
roller shutter case on its top, as can be found in Portuguese dwellings, are perhaps the weakest 
facade systems of a building in what concerns thermal resistance and comfort. Windows are 
able to provide access to natural light, warmth and a view to the outside but can also be a major 
cause of heat losses in winter and heat gains in summer. Air tightness is another important issue 
concerning fenestration. 
 
In the last decades several new window products have emerged regarding the energy impact 
within the buildings. Associated to design concepts significant improvements on their thermal 
performance have been achieved. Some of the improvements can be applied to the existing win-
dows. One of the solutions currently used in Portugal is to install an extra window in the same 
fenestration. Double window system prevents air leakage, heat loss and thermal discomfort in 
the winter time.  
 
To transform a single or double window into a ventilated double window results in an easy and 
cheap passive heating system. This consists of introducing vents at the base of the outer window 
to allow a supply of fresh air. Heat that escapes from inside through the inner window and solar 
radiation heat up the air between the two windows. Due to wind pressure and stack effect, the 
air coming from the outside circulates upwards through the channel between windows and en-
ters the building through a vent on the top of the window’s case warmer than the outdoor air. 
 
A large variety of technical solutions to preheat the ventilation air, as the ventilated double win-
dow, have been studied and developed. The unglazed transpired solar collectors (Summers, 
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Mitchel, Klein & Beckman, 1996), the solar air collector mounted on the sun-facing walls (Pot-
tler, Sippel, Beck & Fricke 1999) or on the roof, the window air collector that consists of two 
glazed windows with an intermediate device, usually a Venetian blind (Hastings & Morck 2000) 
or the supply air window that consists of a window with two sashes separated by an air gap 
(McEvoy, Southall & Baker 2003) or even the glazed ventilated double facade (Faggembauu, 
Costa, Soria & Oliva 2003; Arons & Glicksman 2003) are all similar systems in what concerns 
modus operandi. For the same purpose, earth-to-air heat exchangers through buried pipes can be 
used as in DB Netz AG (Hamm), Fraunhofer ISE (Freiburg) or Lamparter (Weilheim) (Pfaf-
ferott 2003). Fresh air is heated by heat transfer from the ground to buried pipes and then to air 
by convection. Another possibility is the construction of a conservatory, an enclosed glazed 
space attached to the main building with fresh air entering in it at a low level. The air is pre-
heated within the space and enters the main building through top vents (Lechner 1991). 
2 OUTDOOR TEST FACILITY 
 
An outdoor test cell was used and adapted to carry out a set of experimental measurements in the 
ventilated double window under analysis. This test cell consists of a single space metallic insulated 
container with a width of 2.2 m, a length of 2.0 m and a height of 2.5 m. At the opening (1.43x1.0 
m) on the south-oriented wall of the cell different types of windows could be fitted allowing the 
analysis of this passive solar system (figure 1). The cell was located at 40º 20’ N, 7º 21’º W and at 
an altitude above sea level of 464 m. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Test cell facility 
 
After a previous study based on numerical simulation (not reported in this paper) the aim of the 
experimental campaign was to characterize the behavior of the ventilated double window under 
real external climatic conditions. The measurements were carried out in different stages, compar-
ing different window configurations.  The tests were undertaken from November 2008 to January 
2009. 
 
The ventilated double window used for the current research was a modified available double win-
dow mounted on the test cell opening. Two air inlets with a total area of 50 cm2 were installed at 
the bottom of the outer window. In this way, the cavity between the two window panes is used as 
an air path for incoming airflow that enters the gap through those vents. Having been pre-heated 
by the heat transferred from indoors through the inner window pane and by the solar radiation, the 
warmer air enters the building through vents at the top of the inner window pane. 
 
In order to reduce thermal losses and cold air infiltration in the coldest regions of the country it 
is becoming quite common to add a second single glazed window on the outside of the pre-
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existing window. This one can be a single or double glazed window. To promote the ventilation 
of the gap between the two windows transforms the current double window into a passive heat-
ing system that provides the building with pre-heated air for ventilation in winter conditions. 
 
The initial double window configuration tested was a single glazed window with a standard alumi-
num frame on the outside, a similar window on the inside and a ventilated cavity between the two 
(figure 2). The glazed area was about 54% of the overall area of the opening. The glazing was 6 
mm thick transparent glass throughout both windows with a distance of 9 cm, between the two 
glass panes and a distance of 5 cm, between frames. The glazing of the inner window was later re-
placed by a double-glazed unit with the following constitution: 4 mm glass, 12 mm gap, 4 mm 
glass. This corresponds to the current Portuguese double windows, with a single glazed outer win-
dow and a single or double glazed inner window. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The two tested configurations of the ventilated double window. 
 
3 EXPERIMENTAL MEASUREMENTS 
 
The tests of the two different configurations of the ventilated double window were undertaken 
separately, so under different climatic conditions. The air flow through the gap between the win-
dow panes was exclusively due to natural ventilation. So a variable air flow caused by stack effect 
and wind was registered.  
 
The average air speed was measured at the outlet of the system (the vent at the top of the inner 
window pane) by a transducer. Temperatures were measured by several thermocouples located 
along the gap between windows, at the outlet of the system (measuring the temperature of the de-
livered air). The temperatures of the indoor and the outdoor air were also measured. Thermocou-
ples were shielded to eliminate the radiation effects. A pyranometer was used to measure solar ir-
radiance and it was mounted on the South-oriented facade to be able to measure directly the 
incident radiation on the ventilated double window’s outer surface. The used measurement equip-
ment is described in table 1. 
 
Table 1. Measurement equipment used in the test cell ______________________________________________________________________________________ 
Instrument    Measurement     Range     Accuracy 
____________________________________________________________________ 
Pyranometer   Total solar irradiance   0 to 2000 W/m2      <10% 
Thermocouples  Air temperature    -270 to 400 ºC  ±0.1ºC 
Transducer    Air velocity (va)    0 to 10 m/s    ±(0.05va+0.05) m/s _______________________________________________________________________________________ 
 
air intake
Outdoor Indoor
2
Outdoor Indoor
1
air intake
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The data were collected every minute by two programmable data loggers. The indoor air tempera-
ture was kept around 20 ºC almost all the time. However, during the test of system 2, there were 
some problems with the electricity power provided resulting in the mean indoor air temperature 
being slightly below 20ºC.  
 
Using the registered values of the air speed and temperatures, it was possible to calculate the heat 
loss due to air renovation and the heat recovery and heat gains obtained by the ventilated double 
window. The air rate entering the room based upon the air speed measurements was determined as 
follows: 
A
air
V .v.3600=  (1) 
Where, V is the volumetric air flow rate (m3/h), vair is the air speed (m/s) and A is the area of the 
opening (m2). Given that the air entering the room is equal to the air exiting the room, heat loss due 
to air renovation (Qair, in W), when no pre-heating of the ventilation air occurs, is given by: 
)(
3600
.
outin
V
C
air
Q θθρ −=  (2) 
Were C is the specific heat capacity of the air at constant pressure (J/kg.ºC), ρ is the density of the 
air (kg/m3), V is the volumetric air flow rate (m3/h), θin and θout are the indoor and the outdoor air 
temperatures (ºC), respectively. When there is a pre-heating system like the one under analysis, the 
useful heat (Qutil, in W), recovered from indoors and provided by solar radiation, for each given 
flow rate can be determined as: 
)(
3600
.
outtop
V
C
util
Q θθρ −=  (3) 
Where θtop is the air temperature at the window’s outlet (ºC) (inlet for the room). The heat loss 
due to air renovation when there is a pre-heating of the ventilation air (Qvent, in W) can then be 
determined by the following expression: 
 
)topin(V
C.
ventQ θ−θ
ρ=
3600
 (4) 
4 RESULTS AND DISCUSSION 
 
The presented experiments on the ventilated double window were conducted on consecutive days, 
meaning that the results were obtained with and without solar radiation (day and night periods). It 
was found experimentally that the obtained temperature by both systems were always above the 
outdoor temperature. A comparison between the measured outdoor (out, in ºC) and indoor (in, in 
ºC) air temperature and the temperature of the air at the top of the window gap (top, in ºC) is 
shown in figure 3. 
 
Without solar radiation (night period) the lowest temperature difference between indoor and out-
door environment was about 11ºC when testing system 1 and 11.6 ºC, when testing system 2. The 
minimum temperature increment observed at the windows outlet was of 3.9 ºC with system 1 and 
1.5 ºC with system 2. Table 2 shows air temperature mean values during the whole period of tests, 
with and without solar radiation (day and night periods). 
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Figure 3. Air temperatures and solar irradiance on the outer surface of the double window. 
 
Without solar radiation, as it can be observed in Table 2, the difference between the mean tempera-
tures of the outdoor air (out) and of the delivered preheated air (top) was of 7.3ºC and 4.2ºC, for 
systems 1 and 2, respectively. These values were achieved for a difference between the indoor and 
the outdoor mean air temperatures of 17.3ºC (system 1) and 14.7ºC (system 2). 
 
Table 2. Mean air temperatures registered (ºC) ______________________________________ 
System   out  top  in 
______________________________ 
1 night   3.5  10.8  20.8 
day   8.2  18.3  21.9 
2 night   2.2  6.4  16.9 
 day   6.1  14.7  19.2 _______________________________________ 
 
As explained above, knowing the indoor, the outdoor and the delivered air temperatures and also 
the delivered air velocity, heat losses and heat gains can be calculated for the period of tests.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Ventilation heat loss supposing no pre-heating (loss) and useful heat, provided by the venti-
lated double window (gain). 
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Figure 4 shows the heat loss due to the air renovation for the environmental conditions of the ex-
periment supposing there was no pre-heating of the ventilation air and compares it to the useful 
heat provided by the system under analysis. Besides the obvious increment of the air temperature 
due to the solar radiation, it can be observed that the useful heat at the moments with the highest 
solar radiation surpasses heat loss which means that there is in fact a heat gain. In those conditions 
θtop is higher than θin.  
 
In spite of the influence of solar radiation on the efficiency of the system, plotting solar radiation 
against useful heat (figure 5) reveals a great dispersion of results and a very low correlation. Of 
course the heat transferred from indoors to the air gap plays an important role regarding the energy 
provided by the system to pre-heat the ventilation air.  A great dispersion was also observed in the 
correlation between air flow and the useful heat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Correlation between solar radiation and useful heat. 
 
Other factors must be analyzed that also contribute to the final heat gain achieved. Plotting tem-
perature differences between indoor and outdoor air against the useful heat provided by the double 
window, as in Figure 6, reveals the existence of a considerable correlation between these two val-
ues. This means that the “useful heat” strongly depends on the temperature differences between in-
door and outdoor air and that a great part of it is due to heat recovery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Correlation between temperature differences between indoor and outdoor air (in-out) and the 
useful heat provided by the system. 
 
As seen above the new ventilation heat loss (Qvent, in W) when a pre-heating system is considered, 
can be estimated, as did Baker & McEvoy (2000), using expression (4). Figure 7 shows a com-
parison between heat loss due to air renovation without pre-heating and the new heat loss which 
means the former after it has been compensated by the pre-heating of the air. This heat loss re-
duction depends upon the ventilated double window’s performance. As it can be seen, around 
mid-day, at highest solar radiation, the new ventilation heat loss becomes negative, which 
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means that the ventilated double window, at high solar radiation (figure 3) provides an air that is 
warmer than the indoor air and can contribute to the heating of the indoor environment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Heat losses due to air renovation with (vent) and without (loss) pre-heating of ventilation air. 
 
The percentage of heat loss that is compensated with the preheating of the ventilation air can be 
calculated as: 
 
%100.
airQ
utilQ  (5) 
 
Where Qutil and Qair have the meanings expressed in formulas (2) and (3). Plotting the results of 
expression (5) into a graphic for the whole tests period on both systems, Figure 8 shows how 
heat loss through the ventilation air was compensated with heat gain by preheating the air deliv-
ered by the ventilated double window. Without solar radiation (night period) heat loss was com-
pensated from 28% to 46%, by system 1 while system 2 provided from 12% to 46% of compen-
sation. The mean value for each system was of 41%, for system 1 and 26%, for system 2. In 
spite of different climatic conditions, these results show how each system can recover heat loss 
through the window that, otherwise, could be lost to the outside. For the periods with solar ra-
diation only, the mean values were of about 66% and 45%, for systems 1 and 2, respectively. 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Proportion of the air ventilation heat loss compensated by heat gain. 
 
5 CONCLUSIONS 
 
This paper presents the results of an experimental study performed on a natural ventilated double 
window in real weather conditions. Local measured air temperatures and solar radiation were reg-
istered. Testing the double window it was found that the higher the air temperatures difference be-
tween indoors and outdoors the higher the heat gained by the delivered air through the system. It 
was found that there is a linear relationship between those temperature differences and the deliv-
ered heat gain.  
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The heat loss due to ventilation was compensated by the heat gained through the preheating of 
the delivered air. That compensation was at least of 28%, for system 1 and 12%, for system 2, 
during the night period (which means with no contribution from solar radiation). With incident 
solar radiation this compensation can exceed 100%. In fact, additional tests showed the effect of 
high solar radiation on the performance of the window, being possible to provide air warmer 
than the indoor air and thus contribute to the heating of the indoor environment. This window 
system, that is applicable to both new and old buildings, has proved to be able to provide pre-
heated ventilation air in winter time, by recovering part of the heat losses from indoors and by 
transferring solar radiation heat gains.  
 
This kind of system helps to reduce the global heating energy needs of a building, in winter, 
since it can lead to a significant reduction of the heat loss through ventilation. Furthermore, with 
the highly insulated envelopes of modern buildings and the correspondent low transmission 
losses, the heat losses through ventilation became an important part (sometimes the most impor-
tant) of the total heat losses of the buildings. Therefore, the cost of the initial investment on 
heating devices could also be reduced as a consequence of preheating the ventilation air.  
Finally, it should be noted that ventilated double windows are quite inexpensive, easy to install 
and require low maintenance costs.  
6 NOMENCLATURE 
 
A   area of the opening, m2; 
C   specific heat capacity of air at constant pressure, J/kg.ºC; 
Qair heat loss due to the air renovation, with no pre-heating of the air, W; 
Qutil useful heat, W; 
Qvent heat loss due to the air renovation, when there is pre-heating of the air, W; 
V  volumetric air flow rate, m3/h; 
vair  air speed, m/s; 
θin  indoor air temperature, ºC; 
θout  outdoor air temperature, ºC; 
θtop  air temperature at the window’s outlet, ºC; 
ρ   density of the air, kg/m3. 
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1 INTRODUÇÃO 
A eficiência energética nas edificações pode ser entendida como a obtenção de um serviço 
com baixo dispêndio de energia, através do uso racional e da diminuição no consumo dos usos 
finais de iluminação, equipamentos e aquecimento de água, junto à incorporação de fontes re-
nováveis de energia.  
As constantes pesquisas e legislações referentes à eficiência energética confirmam a necessi-
dade de redução do consumo de energia nas edificações, que atualmente são responsáveis por 
40% dos gastos mundiais. 
Publicado em 2009, o Regulamento Técnico de Qualidade para Eficiência Energética de 
edifícios comerciais, de serviços e públicos – RTQ, especifica requisitos técnicos, bem como os 
métodos para a etiquetagem do nível de eficiência desses edifícios. A Etiqueta Nacional de 
Conservação de Energia (ENCE) varia de A (mais eficiente) a E (menos eficiente), e serão ava-
liados três requisitos: envoltória, sistema de iluminação artificial e ar condicionado.   
Para a classificação geral do edifício, foram atribuídos pesos relativos à contribuição no con-
sumo energético da edificação, sendo a envoltória responsável por 30%, a sistema de ilumi-
nação 30% e de ar condicionado 40%. (RTQ,2009) 
Segundo LAMBERTS (1997), “a análise do consumo de energia de uma edificação é tão im-
portante para o processo de projeto quanto qualquer das outras ferramentas usadas comumente 
pelos projetistas”.  
A eficiência energética está diretamente relacionada às decisões do projeto arquitetônico, 
sendo o desempenho da envoltória o mais afetado pelas decisões do arquiteto. Entende-se por 
envoltória os planos externos da edificação, compostos por fachadas, empenas, cobertura, bris-
es, marquises, aberturas, assim como quaisquer elementos que os compõem (RTQ, 2009). 
Existem vários fatores que agem diretamente na eficiência energética da envoltória, já que 
esta compreende a área externa do edifício. Ela sofre influência das variáveis climáticas (ra-
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diação solar, temperatura, ventilação, umidade) do lugar onde o edifício esta inserido, do tipo 
de sítio (côncavo, convexo, plano), da implantação, da orientação das fachadas, da forma do 
edifício, dos fechamentos, dos materiais e ainda da área de aberturas e das proteções solares. 
O uso de grandes áreas de abertura envidraçadas favorece a transferência de calor para os 
ambientes internos, maximizando o consumo energético. Existem discussões sobre a real efi-
ciência de muitos vidros hoje fabricados, uma vez que prometem o isolamento térmico dos am-
bientes internos, mas não é comprovado em simulações computacionais. Apesar disso, é prática 
do mercado da construção civil, a divulgação e propaganda desses vidros inovadores, que ape-
sar de todas suas qualidades técnicas, ainda não podem impedir completamente as trocas térmi-
cas da edificação com o meio externo. 
Assim, este artigo teve como foco principal a influência da escolha do tipo de vidro para a 
edificação, tendo sempre em vista a sua contribuição para um melhor desempenho da eficiência 
energética deste edifício. 
Várias pesquisas sobre a influência da escolha do tipo de vidro na eficiência energética das 
edificações já foram publicadas (PEREIRA, 2002; LIMA, 2009). Porém, elas têm como base 
metodológica, as simulações em softwares.  
Para alcançar esse objetivo, de avaliar a influência do vidro na eficiência energética da edifi-
cação, foi usado o método prescritivo do RTQ, desenvolvido pelo Instituto Nacional de Metro-
logia, Normatização e Qualidade Industrial (INMETRO), com metodologia especificada no 
Manual de uso do RTQ. A partir de um edifício modelo, etiquetado pelo LACAM (Laboratório 
de Controle Ambiental – FAU/UnB), foi avaliado o desempenho energético da envoltória, ten-
do como variável o Fator Solar de vários tipos de vidro, dado técnico presente nas fórmulas ma-
temáticas.  
Essa metodologia foi utilizada também para avaliar se nas equações prescritivas do RTQ, as-
sim como nas simulações computacionais, os tipos de vidro interferem na eficiência energética 
e principalmente, se apenas a especificação de um vidro de alto desempenho garantiria uma eti-
queta A para a edificação.  
2 AS ABERTURAS E A EFICIÊNCIA ENERGÉTICA NA EDIFICAÇÃO 
Os elementos da edificação comportam-se de forma diferenciada e as aberturas são as 
grandes responsáveis pela carga térmica na edificação, porque são onde ocorrem as principais 
trocas com o meio exterior (condução, convecção e radiação). Isso é comprovado na tabela 1, 
onde foi feita a estimativa de carga térmica de uma sala comercial localizada na cidade de Flo-
rianópolis e voltada para oeste.  As aberturas determinam o ganho térmico do ambiente interno, 
além de definirem a quantidade de iluminação e ventilação naturais. 
Tabela 1: Contribuição de cada elemento do projeto na carga térmica 
Elemento Contribuição de calor 
Parede externa 9% 
Abertura  63% 
Ocupantes 7% 
Iluminação Artificial 10% 
Equipamentos 7% 
Infiltração 4% 
Fonte: Adaptado de LAMBERTS, 1997, p.100  
 
Neste sentido, são de suma importância para a eficiência energética, as decisões de projeto 
relacionadas à abertura: dimensionamento, orientação, proteções solares e tipos de fechamento 
translúcido (ex: vidros). 
O RTQ (2009) define como abertura “todas as áreas da envoltória do edifício, com fecha-
mento translúcido ou transparente (que permite a entrada da luz). Excluem-se vãos sem fecha-
mentos e elementos vazados como cobogós”. A ventilação natural não é considerada nessa de-
finição, sendo este o conceito utilizado nesse artigo: as aberturas são os fechamentos em vidro. 
Assim, o entendimento das características do vidro é essencial para entender seu comporta-
mento e influência na eficiência da edificação. 
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3 O VIDRO 
O vidro é foco de constantes melhorias tecnológias devido a sua importância na industria da 
contrução civil. É o material mais utilizado para fechamentos que possibilita a vizualização e 
interação com o meio ambiente externo, o que é muito importante para o conforto psicológico 
dos usuários e iluminação natural. 
Suas características estéticas e transparências sempre atraíram os projetistas, que, atualmente 
utilizam o material de forma indiscriminada, independente das características bioclimáticas do 
local, contribuindo para a ineficiência energética e consequentemente para o desconforto am-
biental desses espaços contruídos.  
3.1 Histórico 
A descoberta do vidro data de 5000 a.C. (mercadores fenícios), e sua utilização foi crescente 
ao longo da história. O aperfeiçoamento desse material e sua técnica de fabricação sempre esti-
veram presentes nas preocupações dos construtores. 
Em 100 a.C., os romanos confeccionavam suas janelas pela técnica de sopro em moldes. Um 
novo método possibilitou a execução de vidros planos por volta de 500 e 600 d.C., método este 
que foi responsável pela maior parte da produção do vidro até o século XIX. Era feito por sopro 
de uma esfera e sua sucessiva ampliação por rotação em forno. O vidro moldado à rolo (técnica 
oriental) foi introduzido em Veneza por volta do ano 1300, com as cruzadas.  
A ilha de Murano especializou-se na produção artística notável do vidro. Neste período des-
cobre-se também um novo processo de produção: por sopro de cilindros (novamente, revolu-
cionária para os vidros planos). Ao soprar e girar o cano simultaneamente, obtinha-se um cilin-
dro de vidro líquido que depois era colocado em uma espécie de forno (“estendedeira”) e 
deixado para estender. 
A indústria de vidro propriamente dita nasceu na Revolução Industrial, em particular na 
indústria automotiva do século XX, e também da invenção de dois métodos chave de produção: 
o processo da folha estirada e o de flutuação (float).  
3.2 Características e tipos de vidro 
Os vidros geralmente são bons condutores de calor, pois tem alta transmitância térmica (U). 
É um material muito utilizado por ser transparente e permitir certo controle da radiação solar 
(luz e calor), dependendo de suas características físicas. 
A radiação solar pode ser absorvida, refletida ou transmitida para o interior, dependendo dos 
valores de absortividade, refletividade, e transmissividade de cada vidro. A porcentagem absor-
vida se converte em calor no interior do vidro e pode ser reemitida tanto para o interior quanto 
para o exterior. 
Os diferentes tipos de vidros possuem características ópticas distintas, e comportam-se de 
forma diferenciada para cada comprimento de onda da radiação, assim como para o ângulo de 
incidência.  
A escolha do vidro está relacionada à necessidade de controle da radiação solar, sendo im-
portante avaliar a quantidade de luz solar que será admitida e/ou bloqueada para o interior da 
edificação. 
Os vidros transparentes ou incolores são os mais usados na construção civil devido ao seu 
menor custo e maior disponibilidade no mercado. Eles são transparentes às ondas curtas, permi-
tindo boa visilibilidade e opacos às ondas longas, com alta transmissividade de radiação solar 
para o interior, o que causa o efeito estufa. 
Os vidros verdes e os vidros fumês são absorventes, levemente pigmentados para diminuir a 
transmissão da onda curta, com um pequeno aumento na absorção da parte visível. A transmis-
sividade visível (visibilidade) deve ser adequada para não gerar gastos desnecessários de ilumi-
nação artificial. 
Os vidros refletivos possuem uma película, composta por uma camada metálica de substrato 
transparente, com efeito espelhado. Existem películas mais refletivas às ondas curtas, e outras 
mais refletivas em ambos os espectros. Pode-se afirmar que as películas refletivas às ondas cur-
tas reduzem o ingresso de calor ao interior. Este tipo de película também tem reduções na sua 
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capacidade de transmitir a luz visível. O efeito de reflexão do calor pode beneficiar o interior da 
edificação, mas é responsável pelo desconforto na escala urbana, uma vez que repassa a carga 
térmica para edificações vizinhas ou para o espaço público, interferindo no microclima local. 
Os vidros duplos são também denominados insulados ou sanduíche de vidros. Trata-se de um 
sistema de duplo envidraçamento que permite aliar as vantagens técnicas e estéticas de pelo 
menos dois tipos diferentes de vidro, com o benefício da camada interna de ar ou gás. Com a 
utilização de uma camada externa com vidro refletivo, a onda longa vinda do exterior é absor-
vida e o calor dissipado para cada lado por convecção e para o interior por reirradiação. Ao 
contrário, colocando-se a camada refletiva no lado interno do ambiente, a onda longa é refleti-
da, evitando-se perda de calor em climas frios. Esse sistema, apesar de possuir vantagens no 
controle térmico-energético, tem alto custo e pouca disponibilidade no mercado.  
Cada um destes tipos de vidro tem um determinado Fator Solar (FS), que pode ser entendido 
como “a razão entre o ganho de calor que entra no ambiente através de uma abertura e a ra-
diação solar incidente nessa mesma abertura.” (RTQ, 2009). 
Nas equações do método prescritivo para avaliação da envoltória, o FS é a variável específi-
ca relacionada ao tipo de vidro das aberturas. 
Para o RTQ, o Fator Solar considerado será relativo a uma incidência de radiação solar orto-
gonal à abertura. O cálculo do FS é feito através de equação 1 da NBR 15220-2 (ABNT, 2005): 
 
FSt = U .α .Rse + τ    (equação 1) 
 
Onde, FSt = fator solar de elementos transparentes ou translúcidos (J/m2K); U = a transmi-
tância térmica do componente (W/m2.K); α = a absortância à radiação solar; Rse = resistência 
superficial externa (m2.K/W); τ  = transmitância à radiação solar. 
Os catálogos devem possuir as propriedades específicas de cada tipo de vidro, o que permite 
o cálculo do FS e a correta especificação nos projetos arquitetônicos. 
Os fabricantes, em geral, por meio de seus catálogos e amostras, transmitem a idéia de que 
apenas a escolha do vidro pode garantir a eficiência energética de uma edificação, pois permite 
o isolamento do meio externo. No entanto, em muitos catálogos não constam dados técnicos 
como transmitância, refletância e fator solar de cada tipo de vidro, que permita a avaliação e 
eficiência desses produtos.  
4 METODOLOGIA DO ESTUDO 
Para testar a influência do tipo de vidro na eficiência energética da envoltória, utilizamos 
como metodologia a aplicação das equações do RTQ, em três etapas: 
1) Etiquetagem da envoltória de edifício modelo: cálculo de acordo com método prescritivo 
(RTQ), com todas as características e especificações originais do projeto; 
2). A variável Fator Solar: substituição do tipo de vidro do edifício modelo, alterando o Fa-
tor Solar na equação para avaliação da influência do vidro na etiquetagem (eficiência) da en-
voltória; 
3). Resultados: análise das etiquetas obtidas com os 24 diferentes vidros (variável FS) e a 
avaliação da contribuição para a melhoria da eficiência energética do edifício modelo. 
4.1 Etiquetagem da envoltória do edifício modelo 
O objeto de estudo foi um edifício institucional cuja envoltória foi etiquetada pelo LACAM, 
através do metodo prescritivo do RTQ. 
O edificio, com área de 10125,0 m², está em fase de construção, e situa-se em Brasília – DF, 
na Zona Bioclimática 4.  
As maiores fachadas possuem orientação leste e oeste, sendo muito semelhantes, com pele de 
vidro verde. Na fachada norte localiza-se a torre de circulação vertical, conectada à edificação 
principal por passarelas com fechamento em vidro. A fachada sul não possui aberturas, configu-
rando um pano cego, e é constituída pelos mesmos materiais da fachada norte: paredes externas 
em painel de concreto pré-moldado e painel de gesso internamente, separadas por camada de ar 
com isolante. 
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O LACAM fez uma avaliação da envoltória, seguindo metodologia prevista no RTQ, onde 
são utilizadas equações específicas de acordo com cada Zona Bioclimática (equação 2). Foi de-
finido o Indicador de Consumo (IC), que prevê de que maneira a envoltória de um edifício vai 
impactar em seu consumo de energia.  
Ape>500m² 
Limite: Fator de forma mínimo (Aenv/Vtot)=livre 
 
ICenv = 511,12.FA + 0,92.FF – 95,71.PAFT  - 99,79.FS – 0,52.AVS – 0,29.AHS – 
380,83.FA.FF + 4,27/FF + 729,20.PAFT.FS+77,15                                    (equação 2) 
 
Equação 02: Cálculo do IC  para ZB4 (Eq. 3. 6, RTQ, p.22) 
Foram calculados três tipos de IC (ICenv, ICmax e ICmin), para estabelecer os limites de in-
tervalo de classificação do consumo da envoltória (de E a A). Todas as variáveis relativas à edi-
ficação, necessárias para alimentar a equação do IC, são apresentadas em tabela a seguir. 
 
Tabela 02: Variáveis para cálculo do ICenv 
Variável Valor 
Área de Projeção do Edifício (Ape) 956,4 m² 
Área Total de Piso (At) 10125,0 m² 
Área da Envoltória (Aenv) 3883,12m² 
Volume Total do Edifício (Vtot) 18694,6m² 
Fator de Altura (FA = Ape/Atot) 0,094 
Fator de Forma (FF = Aenv/Vtot 0,20 
Percentual de Abertura nas Fachadas (PAF) 0,43 
Fator Solar (FS): do vidro verde especificado 0,61 
Ângulo Vertical de Sombreamento (AVS) 0 
Ângulo Horizontal de Sombreamento (AHS) 0 
 
Os Resultados dos Indicadores de Consumo foram: 
Cálculo do ICenv = 228 
Cálculo do ICmax = 287 
Cálculo do ICmin = 79 
 
A partir dos valores do ICmax e ICmin, foi gerado o intervalo (i = 52,11) para classificação 
da envoltória, seguindo equação do RTQ  (Eq. 3.11, RTQ, p.42). 
O valor desse intervalo (i) foi utilizado nas fórmulas da Tabela dos Limites dos intervalos 
dos níveis de eficiência da envoltória, de acordo com o RTQ: 
 
Tabela 3: Limites dos intervalos dos níveis de eficiência (RTQ.p.24) 
Eficiência A B C D E 
Lim. Mín. - ICmaxD – 3i + 0,01 ICmaxD – 2i + 0,01 ICmaxD – i + 0,01 ICmaxD + 0,01 
Lim. Máx. ICmax – 3i ICmax – 2i ICmax – i ICmax - 
 
Assim, originou-se a tabela específica do estudo de caso, com a classificação dos limites para 
etiquetagem da edificação: 
 
Tabela 4: Intervalos de IC mínimo e máximo 
Níveis de Eficiência A B C D E 
limite mínimo - 130.95 183.07 235.19 287.31 
limite máximo 130.94 183.06 235.18 287.30 - 
 
Como o ICenv do edifício objeto de estudo foi de 228, valor que se encontra no intervalo 
183.07 – 235.18, a etiqueta da envoltória para o edifício de referência foi C. 
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4.2 A Variável Fator Solar(FS) 
Para a análise da influência do tipo de vidro na etiqueta da envoltória da edificação, foram 
selecionados 24 tipos de vidro, com as respectivas características técnicas. 
Foram utilizados os mesmos dados e cálculos da edificação modelo, tendo como única va-
riável o Fator Solar (FS), dado relativo a cada vidro. Foi simulada a substituição do vidro origi-
nal da edificação por outras 24 especificações, obtendo consequentemente as etiquetas corres-
pondentes. Ou seja, foi adotada a mesma fórmula usada no método prescritivo do RTQ, com os 
mesmos valores, alterando apenas o FS conforme cada vidro testado. 
Para assegurar que os dados técnicos dos vidros tivessem o mesmo padrão, evitando distor-
ções e erros de definições ou cálculos, optou-se pelo uso de apenas um fabricante, o AFG Cor-
porate Office.(www.usp.br/fau/deptecnologia/docs/bancovidros/index.html) 
Foram escolhidas quatro tipologias de vidro, cada uma com seis cores diferentes. As tipolo-
gias são: vidro simples, vidro duplo, vidro simples com película refletiva série P30, e vidro du-
plo com película refletiva série P30. Os vidros simples tem 6mm de espessura. Os duplos tem 
6mm de vidro, 13mm de camada de ar, e novamente 6mm de vidro. Cada tipologia de vidro foi 
testada para seis cores: incolor, verde, cinza, bronze, azul e verde escuro.  
Além do Fator Solar, que é o único solicitado pela fórmula, foram levantados a transmitân-
cia, radiação solar visível e radiação solar total. Estes dados são apresentados para efeito de 
comparação posterior, uma vez que um vidro que tenha baixo fator solar pode apresentar tam-
bém pouca visibilidade para o exterior (percentual de transmissão da radiação visível ao exteri-
or), podendo ser prejudicial ao projeto. 
4.3 Resultados 
A tabela 05 mostra os dados técnicos de cada vidro, e a etiqueta parcial da envoltória resul-
tante para cada um deles. 
Tabela 5: Dados Técnicos dos Tipos de vidro e respectivas etiquetas parciais da envoltória. 
T
ip
o
 d
e 
v
id
ro
 
Cor 
Rad. Solar Visível Radiação Solar Total U/m2oC 
(verão) 
IC - ENCE 
envoltória 
 Transm. % Reflet. % Transm % Reflet. % Absor. % Fator Solar 
S
im
p
le
s 
n
ão
 
re
fl
et
iv
o
 -
 6
m
m
 incolor 88 8 78 7 15 82 5.8 273-D 
Verde 75 7 49 6 45 61 5.8 228-C 
Cinza 43 5 46 5 49 59 5.8 224-C 
Bronze 53 6 48 5 47 61 5.8 228-C 
Azul 55 6 46 5 49 59 5.8 224-C 
Verde escuro 66 7 33 5 62 50 5.8 204-C 
D
u
p
lo
 n
ão
 
re
fl
et
iv
o
 6
:1
3
:6
 incolor 78 14 60 11 29 70 3.2 247-D 
Verde 66 12 38 7 55 49 3.2 202-C 
Cinza 38 7 35 7 58 47 3.2 198-C 
Bronze 47 8 38 7 55 49 3.2 202-C 
Azul 49 8 36 7 57 47 3.2 198-C 
Verde escuro 58 10 26 6 68 38 3.2 179-B 
S
im
p
le
s 
re
fl
et
iv
o
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el
í-
cu
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 s
ér
ie
 P
3
0
 6
m
m
 incolor 29 16 25 13 62 41 5.8 185-C 
Verde 25 12 15 7 78 35 5.8 172-B 
Cinza 15 7 14 7 79 35 5.8 172-B 
Bronze 18 8 15 7 78 35 5.8 172-B 
Azul 18 9 14 7 79 35 5.8 172-B 
Verde escuro 21 10 11 6 83 33 5.8 168-B 
D
u
p
lo
 r
ef
le
t.
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el
íc
u
la
 
sé
ri
e 
P
3
0
  
6
:1
3
:6
 incolor 25 16 16 15 69 25 1.9 151-B 
Verde 21 12 9 8 83 18 1.9 136-B 
Cinza 13 7 9 7 84 18 1.9 136-B 
Bronze 15 8 10 8 82 18 1.9 136-B 
Azul 15 9 9 8 83 18 1.9 136-B 
Verde escuro 18 10 7 7 86 16 1.9 132-B 
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5 CONCLUSÃO 
A partir da análise dos resultados, onde foram parametrizados os dados de todos os tipos de 
vidro e a etiqueta que a edificação receberia, caso o vidro do projeto fosse substituído, perce-
beu-se que a eficiência da envoltória da edificação estudada não aumentaria de forma significa-
tiva.  
A ENCE do projeto original, com vidros verdes, foi C e testando a edificação com 24 tipos 
de vidro, nenhum conseguiu a etiqueta A. 
A melhor etiqueta alcançada foi B, sendo que estas foram para os vidros com película refle-
tiva e os duplos. A melhoria da eficiência energética nesse caso está diretamente ligada ao custo 
do vidro, sendo os mais eficientes com custo elevado, o que impossibilita seu uso em todas as 
edificações.  
Constatou-se que os vidros refletivos apresentam os melhores resultados para a etiqueta par-
cial da envoltória. Porém, não se pode deixar de lado a sua influência no entorno urbano imedi-
ato, relacionado ao ofuscamento e transmissão de calor aos edifícios vizinhos, alterando o mi-
croclima e redução de iluminação natural. 
No método prescritivo, o único dado tecnico do vidro avaliado é o Fator Solar, que é baixo 
nos vidros que alcançaram melhor etiqueta (B). Mas esses mesmos vidros possuem transmissi-
vidade visível baixa, o que nem sempre é desejável, pois a visisbiliade para o exterior é imporn-
tante para o bem estar do usuário. 
O vidro incolor piorou a eficiência energética, (etiqueta D) comprovando que o vidro mais 
usado na contrução civil é também o mais inadequado, sendo essencial o uso de proteções sola-
res para evitar a radiação solar direta na maioria das efificações. 
O método prescritivo conseguiu, através de suas formulas e do uso do Fator Solar responder 
de forma adequada à influencia dos tipos de vidro nas variações de eficiência energetica da en-
voltória das edificações. Essa comprovação possibilita o uso do método para testes de especifi-
cações desses materiais ainda na fase de projeto. 
Dessa forma, é possível concluir que apenas o tipo de vidro, por melhores características tec-
nicas, não garante sozinho a eficiência energética da envoltória, como é tão difundido pelos fa-
bricantes. Os projetistas devem se preocupar com as demais variáveis do projeto: o clima do lu-
gar onde o edifício esta inserido, o tipo de sítio, a implantação, a orientação das fachadas, a 
forma do edifício, os fechamentos, os materiais, a área de aberturas e as proteções solares, tão 
importantes para a eficiência da edificação. 
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1 INT RODUCT IO N  
T he  ne e d f or  ene r gy e f f ic i ent  home s  whi c h mi ni mi ze  a l l  re la t ed c a rbon e mi s si ons  ha s  be en we ll 
e s t abli s hed. Acc or di ng t o the  Envi r onme nt a l Pr ot e ct ion Age nc y, t he  r es i de nti al  sec t or in Ir e l a nd 
c ons ume s  a pproxi ma t el y one  qua rt er  of  t he  t ota l  e ne r gy us e  i n Ir e l a nd. T his  r e quire me nt  f or  s us -
t a ina bl e  home s  ha s dri ve n de s i gn and const r uc ti on i nnova t i on i n te r ms  of e ner gy us e , hea t l os s 
a nd r e ne wa ble  e ne r gy pr ovi s ion.  Howe ve r , f or  s ome t hi ng t o be  t r ul y s us t ai na bl e  i t  mus t  c onti n-
ue  t o be  s ust a ina bl e  ove r  i ts e nt ir e  l if e  c yc l e. T he r ef ore i t  mus t  ha ve  t he  i nhe r ent  abi li t y t o a da pt  
t o c ha ngi ng c i r cums t a nc es  a nd t hus  re ma i n r el e va nt . 
If  s us t a i nabil it y i s  de fi ne d a s  a n e vol vi ng pr oc e ss , the n a ll  t he  va r i ous  c ompone nt s  whi ch 
c ontr i but e  t o this  pr oc e ss  mus t  be  i n t he ms e l ve s  c a pa ble  of  c onti nuous  c ha nge . T he r ef ore , a  s us -
t a ina bl e  bui l di ng c a n be  def i ned a s  an a da pt a bl e  buil di ng.  In l i ght  of  t hi s , t he  des i gn a nd c on-
s t r uc ti on of  dwel li ngs  mus t e mbody t hi s  a dapt abil it y in or der  t o re ma i n c ur r e nt  wi t hi n t he  ove r -
a l l  s us ta i na bil it y f r a me wor k. Ac c or di ng t o Fr i e dma n (2002) , the  e ra  of  unc ha nge a bl e  home s  t hat 
a c c ommoda t e  j us t  one  l if e st yl e  i s  dr a wi ng t o a  cl os e , and t her e  e xi st s  a  c le a r  ne e d f or  ne w s tr a t -
e gi e s  a nd pr oduct s .  T hus  fa r , t hi s  as pe ct  of  s ust a ina bi li t y ha s  l ar ge l y gone  une xplor e d, re s ul ti ng 
i n t he  c onst r uc ti on of  l ow c a r bon buil dings , whi c h ma y f unc t ion i n the  s hor t  t e rm, but  s ubs e -
que ntl y f a il  in t he  l ong t erm.  T hi s  fa il ure  c a n be  c ause d by a n i na bi lit y t o a da pt  to f ut ur e  s oci e t -
a l  nee ds , t ec hnol ogi e s  and re gul a ti ons .   
 T hi s  pa pe r  e xa mi ne s  the  c onc e pt  of  a da pt a bi li t y wi t h re s pe ct  t o hea t  l os s  a nd t he  LCA of  t he 
bui ldi ng.  T he  qua nti fi c at ion of  a da pt a bl e buil di ngs  wit h re s pe c t t o hea t  l oss  a nd LCA i n c om-
pa r is on t o t r a dit i ona l  bui l dings  i s  a n a r e a  t ha t  has  not  ye t  be e n e xpl or e d.  As  t hi s  c a n r e sult  i n a  
c ons ide ra ble  a mount  of  comput a t i on, t his  pa pe r  f oc us e s  on t he  e xt er nal  wa ll  i ns ul at ion onl y.  
T hi s  i s  t o a ll ow f or  a  det ai le d c ompa r i s on of  bot h the  he a t  los s  a nd t he  LCA of  t he  dwe l li ng a nd 
t o hi ghli ght  t he  si gni fi c a nce  of  ada pt a bl e  bui ldi ngs  with r e spe ct  t o e ner gy c ons umpt i on. 
Th e ad v an tag e o f  ad ap tab le b u ild ing s  with  res p ect to  th e  en erg y 
co n s u mp tio n  o v er th e lif e o f  th e b u ildin g 
R ut h C ol l i ns 
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Thom as  Gre y 
TrinityHaus, Trinity College Dublin, Dublin 2, Ireland 
M ark D ye r  
TrinityHaus, Trinity College Dublin, Dublin 2, Ireland 
ABST RACT:  T hi s pa per  exa mi ne s  the  c once pt of a dapt a bl e  buil dings  wi th re s pec t  t o he at  l os s 
a nd li fe  c yc l e a ss e s s me nt  ( LCA)  of a  bui ldi ng.  T wo di ff er e nt  bui l di ng s ta ndar ds  ar e  us e d: 
T ec hnic al  Gui da nc e  Doc ume nt  Pa r t  L of  t he  Ir i s h Bui l di ng Re gul a ti ons  a nd the  Pa s si ve  Hous e 
St a ndar d f r om t he Pa s si ve Ha us  Ins t i t ut  i n Ger ma ny.  T he  c al c ul at ions  f or both he at  l os s  a nd 
LCA of  t he  dw e ll ing c onc ent r at e  on t he  e xt er nal  i ns ula t ion onl y.  T hi s  is  t o al low f or  a  det a il e d 
c ompa r i s on of  one  bui ldi ng e l e me nt  a nd t o il lust r at e t he  e ff e ct  tha t one  buil ding e l e me nt  c a n 
ha ve  on t he  e nti r e  dwel li ng.  It  i s  s hown how a n a da pt a bl e  dwe ll ing wi l l  c ons ume  l e s s  e ne r gy 
ove r  t he e nt ir e li f e c yc l e of  it s e xi s te nce  a nd al s o how di ff er e nt  bui ldi ng st a ndar ds  a ff e ct  he a t 
l os s  a nd LCA.  Fi nal l y, t he e f fe c ts  of dif f er e nt  t ype s  of  i ns ul at i ons  ar e  di s c us s ed.  
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2 T HEORY AND M ET HODOLOGY  
2.1 Adaptable buildings 
T her e a re  a  numbe r  of  dif f er e nce s  be t wee n a n a da pt a ble  dwel li ng a nd a  t r adit i ona ll y c onst r uc t ed 
dwe l li ng, wi t h r e spe ct  t o ove r a l l  e ne r gy c ons umpt i on.  One  of  t he  ma i n di f fe r ence s  i s  t he  r e duc -
t i on of  t he  ove r a ll  e mbodi ed e ne r gy a s s oc ia t ed wi t h t he  c onst r ucti on of  t he  dwel ling;  t hi s  is  a  r e -
s ult  of  r e duc e d was te  due  t o off -s i t e  ma nuf ac t ur i ng and c ont r ol le d qual it y pr ocedur e s  a nd t he 
r e duce d numbe r  of  del i ve r y l oa ds .    
 Anot her  s i gnif ic a nt  a dva nt age  i s  t he  abil it y t o i mpr ove  t he  per for ma nc e  a s  i mpr ove d t ec hnol -
ogy a nd mor e  c os t  e ff e ct i ve  t ec hnol ogy be c ome s  a va il a bl e .  Howe ve r , t his  a spe ct  is  di ff i cult  t o 
qua nti f y a nd t her e for e  f or  the  pur pos e  of  t his  pa pe r , i t  i s  as s ume d t hat  t he  bui l di ng e nve l ope  r e -
ma i ns  t he  s a me  ove r  t he  l ife  t i me  of  t he  dwe ll i ng.   
2.2 Heat loss through the building envelope 
The heat loss through the building envelope is calculated using the simple (steady state) model 
outlined by CIBSE Guide A (1986).  The total heat loss is the sum of the fabric and ventilation 
losses.  For this paper, the fabric losses include the thermal transmittance across each surface of 
the dwelling and the point transmittance losses across the entire building envelope.  Therefore the 
total heat loss can be expressed by Equation 1 
( ) ( )021 ][ acVcucut ttCFAyAUFQ −++= ∑  ( 1) 
whe r e Qt i s the  t ot a l hea t los s  ( W) ; F1cu  a nd F2cu  a r e fa c t or s r el at e d t o t he  c har a ct e ri st ic s  of  t he 
he a t s our c e  wit h r e spe ct  t o dr y r e s ult a nt  te mpe r a t ur e and ar e  gi ve n in Equa ti ons 2 a nd 3; Σ(AU) 
i s  t he s um of  t he t he r ma l  t ra ns mi t t anc e (W / mK )  a nd the  ar e a ( m 2 )  ove r  t he s urf ac e  of  whi c h t he 
he a t  f lows ;  tc   is  t he  dr y r esul ta nt  t e mpe r at ure  ( o C)  a s  ca l c ul at e d i n Equa ti on 4;  tao  i s  the  out si de 
a i r  t e mpe r at ure  ( o C);  y  i s  t he  f ra c ti on f or  t he r ma l  bri dgi ng ove r  t he  e nti re  buil di ng e nve l ope;  Cv 
i s  the  ve nti l a ti on conduct a nc e  a s  gi ve n in Equat i on 5.  
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maic ttt 5.05 .0 +=                             ( 4) 
3/NVCV =                                   ( 5) 
whe r e  R i s  t he  r a di a nt  f ra ct ion of  t he  hea t  s our ce ;  tai i s  t he  i ndoor  ai r  te mpe r a t ur e;  tm  i s  t he  me a n 
s ur fa c e t e mpe r at ur e ; N is  the  numbe r  of  room a i r  c hange s  pe r  hour ( ac / h -1 );  V i s t he r oom vo -
l ume  ( m 3 ) .  
2.3 LCA  
T he e n e r gy a s s oci at e d wit h t he pr oduct ion of  ma t er ia l a nd t he tr a nsport  of  t he ma t e ri al  i s c al c u-
l a te d usi ng Equat i ons  6 and 7 ( Adal ber t h, 1997) , r es pec t i ve l y. 
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whe r e  n is  t he  numbe r  of  ma t e r i al s;  i  is  t he  ma t e ri al  of  c once r n;  wi i s  t he  f ac t or  f or  wa st e  of  t he 
ma t e r i al  (% ); mi i s  t he  a mount  of  buil ding ma t e ri a l  ( ton) ;  Mi i s  t he  e ne r gy r e quir ed f or  ma nuf ac -
t uri ng t he  m a t er i al  ( kW h/ ton) ;  di i s t he  dis ta nc e  f rom t he  ma nuf a c t ur e r  t o s it e ( km) ;  TC  is  the 
e ne r gy r e quir e d f or c onve ya nc e  ( kW h/t onkm) .  
2.4 TGD part L vs passive house standard 
T wo dif fe r ent  st a nda r ds  ar e  us ed f or  c ompa r i s on of  t he  ene r gy l os t  t hr ough t he  buil di ng 
e nve l ope .  T he  f ir st  i s  t he  Bui l di ng Re gul a t i ons  2008 (S.I.  No. 259 of  2008)  T e chni c al  Gui danc e 
Doc ume nt  ( T GD)  L – Cons e r va ti on of  Fue l  a nd Ene rgy – Dwe l l i ngs  ( 2008) ;  the s e c ond i s  t he 
Pa s si ve  Hous e Sta ndar d (2007) a s out li ne d by t he  Pa s si vHa us  Ins t i t ut  i n Ge rma n y. T he U-
V al ue s, poi nt  t r a ns mi t t anc e a nd ve nt il at i on ra te  as  outl i ne d by the se  doc ume nt s  is  provi de d i n 
T a bl e  1 
 
T a b le  1 .  B uild in g e n ve lo p e  va lue s fo r  T G D  p a r t L a nd  P a ssive  H o use  Sta nd a r d .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __ 
              T G D  P a r t L  P a ssive  H o u se  Sta nd a r d  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __ 
E xte r na l wa l l U - va l ue  ( w/ mK )      0 . 2 7       0 . 1 5 
G r o und  fl o o r  U - va l ue  ( w/ mK )      0 . 2 5       0 . 1 5 
Ro o f U - va l ue  ( w/ mK )         0 . 1 6       0 . 1 5 
W ind o w U -va lue  ( w/ mK )        2 . 0 0       0 . 8 0 
D o o r  U -va l ue  ( w/ mK )         2 . 0 0       0 . 8 0 
P o int tr a ns mitta nc e  ( y)  ( w/ mK )      0 . 1 5       0 . 0 1 
I nfil tr a tio n a llo wa nc e   ( h - 1 )           0 . 5 0       0 . 6 0 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __ 
2.5 Examination of external wall insulation 
For  t he  pur pos e  of  t hi s  pape r , e a c h of t he  c al c ul at ions  foc us es  on t he e xt e rna l wa ll  i ns ula ti on.  
T hi s  i s  t o al l ow f or  a  de t ail e d compa r i s on of  one  bui ldi ng e l e me nt  t o be ma de  wi t h r e s pe ct  to 
how it  af fe ct s  he at  l oss  t hrough t he buil di ng e nve l ope a nd t o e xa mi ne  one bui l ding e l e me nt  f or 
i t s  LCA ove r  t he  li f e  of  t he  pr oduct .  
It  s houl d be  not e d t ha t if  othe r  buil ding e nve l ope e le me nt s we re  e xa mi ne d, e .g. gr ound f loor 
i ns ul at i on, r oof  i nsula ti on, wi ndows , doors  et c , t he  re sul ts  woul d be  si mi l a r a s t hes e  el e me nt s on 
t hei r  own c ontr ibute  i n t he s a me  ma nne r  t o t he  dwel li ng a s  t he  e xt er nal  wa ll  ins ul at ion.  For  
ot her  el e me nt s of t he  dwell i ng s uc h as  t he s tr uct ur a l f r a me , dr y li ni ng a nd c la ddi ng, t he s e a re  
not  inc lude d i n t he  a s s es s me nt  and ar e  t he  subj e c t  of  f ur t her  wor k.   
3 CASE ST UDY – SEM I DE T ACHED DW ELLING  
3.1 Dwelling characteristics 
A s t a ndar d s e mi -de t a c he d dwe l li ng ha s  be e n c hose n for  t he  c as e  s t udy.  T he  s um of  t he  f a bric 
t hr ough whi c h he at  c a n be los t  i s 184m 2 ;  of t hi s , 42%  ma ke s  up t he  e xte r na l wa ll s, 23% for  both 
t he  gr ound f l oor  a nd t he  r oof , 9%  f or t he  wi ndows  and 2% f or  t he  doors .  T he  tot al  vol ume  of  
t he  dwel li ng i s  223m 3 .   
3.2 Heat Loss 
T he  he a t  los s  is  c a lc ula te d us i ng Equa ti ons  1 t o 5 f or  bot h T GD Pa r t  L a nd t he  Pa s si ve  Hous e 
St a ndar d.  Ta ble  2 s hows  the  va l ue s  f or  t he  he at  l os s  c ompone nt s  e xc l udi ng t he te mpe r a t ure  a s -
s oc ia t ed wit h t he  mont h of  t he  ye a r .  Ta bl e  3 pr ovi de s  t he  t e mpe r a tur e  va lue s  f or  Dubl i n, Ir e la nd 
f or  ea c h mont h of  the  ye a r .   
Inc or por a ti ng t he  t e mpe r atur e  va l ue s  i n T a bl e  2 wi th Equa ti on 1, t he  he at  l os s for  t he  se mi -
de t ac he d dwell i ng f or  one ye a r  c a n be  c a lc ula te d as  431kW h/ ye a r  us i ng T GD Pa r t  L a nd 
260kW h/ ye a r usi ng t he Pa ss i ve  House  Sta ndar d.  W hen t he r e is  no e xt er nal  wal l ins ul ati on, t he 
he a t  l os s  ca n be  ca l cul at e d a s  690kW h/ ye a r  a nd 550kW h/ ye a r  f or  T GD Pa rt  L and t he  Pas s i ve 
Hous e  St anda rd, r es pe ct i vel y.  T hi s  i s  il lus tr at e d in Figur e  1 ove r  a  60 ye a r  pe r iod, i .e . the  de -
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s i gn li f e f or  a dwel li ng i n Ir e la nd, a s s umi ng t hat  t her e  i s  no cl i ma t e  c ha nge .  It  i s  s hown tha t t he 
di ff e re nce  ove r  60 ye a rs  betwe e n t he  t wo buil ding s t a nda r ds i s  a ppr oxi ma t el y e qua l  to 10M W h. 
 
T a b le  2 .  H e a t lo ss c o mp o ne nt s fo r  d we ll in g b uil t to  T G D  p ar t L sta nd a r d s.  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
       T G D  P a r t L  P H  Sta nd a r d   N o  I nsula tio n ( P a r t L)  N o  I nsula tio n ( P H )  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
y ( W / m 2 K )      0 . 1 5     0 . 0 1       0 . 1 5       0 . 0 1 
A y ( W /K )      2 7 . 6 0     1 . 8 4       2 7 . 6       1 . 8 4 
Σ AU + A y ( W /K )    1 0 6 . 29    4 2 . 4 4       1 9 2 . 87      1 3 8 . 38 
Σ A        1 8 4     1 8 4       1 8 4       1 8 4 
V  ( m 3 )       2 2 3     2 2 3       2 2 3       2 2 3 
N  ( a c /h)       0 . 5     0 . 6       0 . 5       0 . 6 
C V  ( W /K )      3 7 . 2 5     4 4 . 7       3 7 . 2 5       4 4 . 7 
R         0 . 5     0 . 5       0 . 5       0 . 5 
F 1c u        1 . 0 0     1 . 0 1       0 . 9 9       1 . 0 0 
F 2c u        1 . 0 0     0 . 9 8       1 . 0 2       1 . 0 0 
Q  ( W /K )      1 4 4     8 7        2 3 0       1 8 3 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
T a b le  3 .  T e mp e r a tur e s fo r  D u b lin,  I r e la nd .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
        tao   tai   tm   tc   tc - tao _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
J a nua r y      5 . 4  2 1   1 9 . 2  2 0 . 1  1 4 . 7 
Fe b r ua r y     5 . 4  2 1   1 9 . 2  2 0 . 1  1 4 . 7 
M a r c h       6 . 7  2 1   1 9 . 3  2 0 . 2  1 3 . 5 
Ap r il        8 . 1  2 1   1 9 . 4  2 0 . 2  1 2 . 1 
M a y       1 0 . 7  2 1   1 9 . 5  2 0 . 3  9 . 6 
J une        1 3 . 6  2 1   1 9 . 7  2 0 . 4  6 . 8 
J ul y       1 5 . 4  2 1   1 9 . 8  2 0 . 4  5 . 0 
A u gu st       1 5 . 1  2 1   1 9 . 7  2 0 . 4  5 . 3 
Se p te mb e r      1 3 . 1  2 1   1 9 . 6  2 0 . 3  7 . 2 
O c to b e r      1 0 . 3  2 1   1 9 . 5  2 0 . 3  1 0 . 0 
N o ve mb e r      7 . 4  2 1   1 9 . 3  2 0 . 2  1 2 . 8 
D e c e mb e r      6 . 3  2 1   1 9 . 3  2 0 . 2  1 3 . 9 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
 
    
Fig ur e  1 .  H e a t Lo s s o ve r  6 0  ye a r s fo r  d we lli ng  c o ns tr uc te d  usi n g T CG  p a r t L a nd  P a ss ive  H o use  Sta n-
d a r d s. 
 
T he  dif fe re nc e f or  a dwel ling wi t h no e xt e rna l i ns ula tion a nd e xt e rna l i ns ula ti on a c c or di ng to 
T GD Par t  L a nd t he  Pas s i ve  Hous e St andar ds  i s  259kW h/ ye a r a nd 290kW h/ ye ar, r e spe ct i ve l y.  
As s umi ng t he  dwe ll i ng us es  e l ec tr ic it y f or  spa c e  he at ing a nd a ppli a nce s  and ta ki ng a  s t a ndard 
r a te  of  €0.14/ kW h f or  e le ct ri c it y, t hi s  c orr el a te s  t o a  di ff e re nce  of  a ppr oxi ma t e ly €36/ ye a r  a nd 
€40/ ye a r , r es pe ct i ve l y.  As  i ns ul at i on i s  r e quir e d f or  a  mul t i t ude  of  r e as ons, i nc l udi ng i ndoor  ai r 
qua li t y a nd t her ma l  c omf or t , a  ba s e  le ve l  of  i nsul at ion mus t  be  a l l owe d f or .  Howe ve r , t he  r e -
s ult s  woul d s ugge s t  t hat  it  doe s  not  ma ke  e c onomi c  s e ns e  to i nve s t  i n a  s upe r i or  buil di ng 
e nve l ope .  
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3.3 LCA 
T he  e xte r na l  wal l  i ns ul at i on us e d in t he  dwe ll i ng i s  now e xa mi ne d f or  t he  e mbodie d e ner gy o ve r  
t he  l if e of t he  dwell i ng a nd t he  f oll owi ng as s umpt i ons  ar e  ma de : the  buil ding is  ma nuf a ct ure d 
us i ng l i ght  ga uge  s t e el  c onst r ucti on;  t he  i ns ul at i on us e d i s  hi gh de nsi t y mi ne r a l  ( 100kg/ m 3 )  wool  
pl a ce d outs i d e  of  the  st e el  f r a me ;  t he  mi ne r a l  wool  i s ma nuf a ct ure d by Roc kwo ol  i n Bri dge nd 
Sout h Wa l es ;  t he  t he r ma l  c onduct i vit y, λ , of  t he  i ns ul a ti on i s  0.045W / mK ;  i ns ula t ion i s  t ra ns -
por te d i n 40f t  st a nda r d cube  c onta i ne r s;  c ont ai ner s  a re pa c ke d f ull y wi t h i ns ul at i on ma t e r i al ;  al l 
ma t e r i al s  ar e  de li ve r e d t o a  s uppli er  i n Dubli n 15. 
3.3.1  Thickness of Insulation 
As  t he  dwe ll i ng i s  c ons tr uct e d usi ng l i ght  ga uge  s t e e l , s t r uc t ur al l y i ns ul at e d pa ne ls  ( SIP) , t he  U -
V al ue  f or t he  e xt er nal  wal ls  i s c al c ul at e d us ing BS EN IS O 10211.  For  a n i ns ul a ti ng ma t e r ia l 
wi t h a  λ va l ue  of  0.045W/mK , t he  t hic kne s s  r e qui re d f or a  U-V a l ue of 0.27 i .e . T GD par t L is  
140mm a nd f or  a  U -V a l ue  of  0.15 i .e . Pa ss i ve  Hous e  St a ndar ds  i s  260mm.  T hi s  i s  a  s i gni fi ca nt 
i nc re a se  i n t he thi c kne ss  of t he  i ns ul at i on in or der  t o compl y wi t h t he  Pa s si ve  Hous e  St a nda r ds  
a nd t he r ef or e  the  ec onomi c  s e nse  of  i mpr ovi ng t he  bui ldi ng f a br ic  t o t hi s  l e ve l  i s  onc e  a ga i n 
hi ghl i ght e d.   
3.3.2  LCA for manufacture and delivery of external wall insulation 
T he  LCA f or  j us t  t he  e xt erna l  ins ul a ti on t o be  use d i n t he  dwel li ng i s  c al c ul at e d fr om Equa t i ons 
6 a nd 7.  Ac c or di ng t o Harve y ( 2007) , t he  e ne r gy r e qui r e d f or  ma nuf ac t ur ing mi ne r al  wool  i ns u-
l a ti on, Mi =  18MJ / kg =  5121kW h/ ton.  One  40ft  sta nda rd c ube  c ont a ine r ha s a  vol ume  of 
77.02m 3 .  For  t he mi ne r al  wool  i ns ul a ti on, t hi s  i s  a t ot a l we i ght  of  7702kg =  7.28t on = mi.  As -
s umi ng t ha t  t he c ont ai ner  i s  f ull y pa c ke d wit h i ns ulat i on i .e . be s t c as e  s c e na ri o a nd i gnor i ng 
wa s t e  for  now, t he  e mbodi e d e ne r gy a s  a  r e s ult  of  ma nuf a ct ur i ng one  c ont a ine r  of  mi ne r a l  wool 
i ns ul at i on i s  38818kW h. 
 T a bl e 4 out li nes  t he  di st a nce s , me t hod of  t ra ns por t a nd e ner gy a s s oc i at e d wit h t r ans port  us i ng 
t he  va l ue s  gi ve n by  Ada l ber t h quot i ng T il l ma n ( 1997) .  T he we i ght  of  a  t ruc k a nd c ont ai ne r is 
a s s ume d t o be  18t on.   T her ef ore , bas e d on t he s e  a s s umpt i ons , the  t ota l  e mbodi e d e ner gy f or 
one  c ont ai ne r  of  mi ne r al  wool  i ns ula ti on, be i ng br ought  fr om Br i dge ne d i n Sout h W a le s  t o Dub-
l i n 15, i nc l udi ng ma nuf a ct ur e , is  a ppr oxi ma t e l y e qual  to 41601kW h.   
 
T a b le  4 .  E ne r g y a sso c ia te d  wi th tr a n sp o r t _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
J o ur ne y Le g   Fr o m     T o    D ista nc e     T r a nsp o r t   E ne r g y     T o ta l E ne r gy 
                   ( k m)        ( kW h/to n k m)    ( kW h)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
    1    B r id ge nd   H o ll yhe a d     4 8 2      Ro a d       0 . 2 8     2 4 3 0 
    2    H o ll yhe a d   D ub li n P o r t    1 2 0    Fe r r y      0 . 0 6     1 3 0 
    3    D ub li n P o r t D ub li n 1 5   _ 1 6 . 5_ _   Ro a d       0 . 7 5     2 2 3   
T o ta l                               2 7 8 3   _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
3.3.3  Comparison of LCA for external wall insulation with heat loss 
Fr om t he  r e s ult s  i n Se ct i on 3.3.2, f or  a  140mm a nd 260mm t hi c k s e c ti on of  mi ne r al  wool  i ns ul a -
t i on, one c ont ai ne r l oa d car r ie s  550m 2  a nd 296m 2 , r e s pe ct i ve l y.  T her ef ore , f or  de li ve r y t o t he 
s uppli er , t he  tot al  e mbodi ed e ne r gy pe r  m 2  of  t he  i ns ul at i on i s  75kW h/ m 2  a nd 140kW h/ m 2 , f or  
T GD Pa rt  L a nd the  Pas s i ve  Hous e  St a nda r ds  re s pec tive l y.  
T he t ot al  a re a  of  e xt e rna l  wa l ls  i n t he  dwe ll i ng is  e qua l t o 78m 2 , t he r ef or e  the  e mbodi e d e ner -
gy a s s oci a t e d wi t h j us t  t he e xt er nal  wal l i ns ula ti on f or a  s e mi -de t a c he d dwe ll ing c ons tr uct e d us -
i ng T GD Pa r t  L s t a nda r ds  a nd Pa s si ve  Hous e  St a ndards  i s  5850kW h a nd 10920kW h, r e s pe c -
t i ve l y.  Thi s i s il l us tr a te d i n c ompa r i s on t o t he  he at  l os s i n the  hous e  ove r  60 ye a r s  i n Fi gur e 2. 
It  c a n be  s e e n fr om Fi gur e  2 t hat  t he  e mbodi e d e ner gy a s s oc i a te d wit h t he  dwe l li ng c on-
s t r uc te d t o pas si ve  hous e st a ndar d i s  muc h hi ghe r  t han t hat  a s s oc i at e d wit h t he  dwe l li ng c on-
s t r uc te d t o T GD pa rt  L, t his  i s  a  c ons e que nc e  of  t he  gr e at e r  t hic kne s s  of  i ns ul at ion r e qui re d f or  
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t he  Pa s si ve  Hous e st a nda r d.  Furt her mor e , t he  LCA payba c k f or  the  dwe ll i ng c ons t r uc te d us i ng 
T GD pa rt  L a nd Pas s i ve  Hous e  st a nda r d is  a ppr oxi ma t e l y 15 ye a r s  a nd 40 ye a r s , r e s pec ti ve l y, 
i .e . mor e  t ha n double . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2 .  H e a t lo ss v s L C A fo r  mine r a l wo o l in su la tio n  
   
It  i s  a l s o i nte r es ti ng t o not e t ha t  the  e ner gy a s s oc i at e d wi t h t he  ma nuf a c t ur e  a nd tr a ns port  of 
t he  i ns ul at i on per  ye a r i s e qua l  t o 75kW h/ ye a r  a nd 140kW h/ ye a r  f or  t he  dwe ll i ng c ons tr uct e d t o 
T GD Pa rt  L a nd t he  Pa ss i ve  Hous e  St a nda r ds , r es pe cti ve l y.  W he n t hi s  is  c ompa r e d t o the  he at 
l os s s a ve d pe r  ye ar  as  ca l cul at e d i n Se c ti on 3.2, t he amount  of  e ne r gy s a ve d by i ns ul at i ng your 
hous e  t o T GD Part  L st anda r ds  is  a ppr oxi ma t e l y equa l  t o 184kW h/ ye a r a nd t o the  Pa s si ve  
Hous e  St a nda r ds  is  onl y 150kW h/ ye a r .  T he se  va l ues  a r e  r el at i ve l y l ow, whi ch fur t he r  s ugge s t s 
t hat  it  doe s  not  ma ke  e i t he r  e conomi c  or  e nvir onme nt al  s e ns e  to pr ovi de  a  s upe r ior  bui ldi ng 
e nve l ope  s uc h a s  the  Pas si ve  Hous e  St a nda r d f or  dwe lli ngs  i n Ir e l a nd. 
3.4 LCA for an adaptable dwelling versus a traditional dwelling 
T he  LCA of  a n ada pt a bl e  dwe l li ng i s  now c ompa r ed wi t h tha t  of  a  t ra dit i ona l  dwe l li ng.  T wo 
t ype s  of a dapt abl e dwel li ng a r e  c ons i de re d: 1)  t he ori gi na l dwe ll ing i s  const r uct e d us i ng ne w 
pa r ts  a nd t he n t hes e  par ts  ar e  r eus e d a ft e r  60 ye a r s  f or a not he r  dwel li ng;  2)  t he  dwe l li ng i s  c on-
s t r uc te d usi ng r e -us e d c ompone nts  fr om a not her  ada pta bl e  dwe ll i ng a nd t hen dispos e d a ft e r  60 
ye a r s .  The  fi rs t  sc e nar io f or  t he  a da pt a bl e  dwel li ng t a ke s  t he  bur de n f or  t he  pr oduc t ion, del i ve r y 
a nd use  of  t he ma t e r ia ls , howe ve r  i t doe s  not  t a ke  t he bur de n f or  t he dis posa l or tr a ns port  of  t he 
r e -us a bl e  c ompone nts ;  t he s e c ond s c ena ri o t a ke s  t he bur de n f or  t he  tr a nsport  of  t he  r eus a bl e 
c ompone nt s  and t he  use  a nd di s pos al  of  t he  ma t er ia ls .  T he  tr a di ti onal  dwel li ng t ake s  t he  bur de n 
f or  the  e nt ir e  pr oc e ss , i .e . t he  product i on of  t he  ma t e r i al s  a nd t he  del i ve r y of  t he  ma t e r i al s  to 
di s pos al .  
T he s e mi  de t ac he d dwe lli ng out l ine d i n Se ct i on 3.1 is now e xa mi ne d wit h r e spe ct  to a da pta -
bl e  and tr a d i ti ona l  dwe ll i ngs  f or  t he  e xt er nal  wa ll  i ns ula t ion.  T he  a ss umpt i ons r e ga r ding t he  de -
l i ve r y, l oc at ion, numbe r  of de l i ve ri e s  and pe rc e nt a ge a s s oci at e d wit h de li ve r y a r e  outl ine d i n 
T a bl e 5.  T he dis ta nc es  ar e  t a ke n as  t he ma xi mu m de si re d di st a nce s  f or  a dapt a bl e  home s .  
Pl e a se  not e t ha t  a ll  va l ue s  a s s oci at e d wi th tr a ns port  ac c ount  for  a  si ngl e  t ri p, i .e. t he tr uc k r e -
t ur ns  wit h a  f ull  l oa d of  a n a l te r na ti ve  ma t e r i al .   For  t he  a da pta ble  dwel li ng, a  va l ue  of  5% 
wa s t e  is  a s s ume d wi t h the  e xt er nal  i nsul at ion a nd a  va l ue  of  20%  is  a s s ume d f or t he  t ra dit i ona l 
dwe l li ng, t hes e  ar e  t ypi c al  known va l ue s  f or  c ons tr uct ion.       
T he  e ner gy a s s oc i at e d wit h e a c h pr oc es s  of  t he  LCA s c e nar ios  is  s hown i n T a ble  5.  As  e x-
pe c te d, t he a da pt a bl e dwe lli ng i n s c e na ri o 2 ha s t he  l owe s t  e ner gy c ons umpt i on.  T hi s s ce nar i o 
i s  18%  a nd 26%  l es s  t ha n sc e nar i o 1 a nd 3, r e spe ct i ve ly f or  t he  dwe ll ing bui l t  a c cor di ng t o T GD 
Pa r t  L a nd 39%  a nd 47%  le s s  t ha n s c e na ri o 1 a nd 3, re s pe ct i ve l y f or  the  dwe ll i ng bui l t  a c c or d-
2 0 1 0 2 0 2 0 2 0 3 0 2 0 4 0 2 0 5 0 2 0 6 0 2 0 7 0
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i ng t o Pa s si ve  Hous e s ta nda r ds.  T he s e r es ult s hi ghli ght  t he  i mpor t a nce  of  re -us i ng ma t e ri a ls 
whe r e ve r  pos si ble  but  a ls o the  a dva nta ge  of  c ons tr uct i ng a  dwe l l ing of f -s i t e .  
   
T a b le  5 .  Ad a p ta b le  vs tr a d itio na l c o ns tr uc tio n  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
Ad a p ta b le             D ista nc e   N o .  o f D e l     % A ss wi th D e l   kW h/d e l   P a r t L P H   
( Sc e na r io  1 )                                    ( km)             ( %)     ( kW h)   ( kW h)  ( kW h)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
P r od uc tio n &  
D e live r y to  Sup p lie r                         6 2 3 2  1 1 4 80 
D e live r y to  Fa c to r y     N o m                   N o m  N o m 
M a nu fa c t ur e  o f M o d ule s                        -    -   
D e live r y to  Site       2 0 0     2      4 0     1 0 0 8   8 0 6  8 0 6 
U se  o f t he  B uild in g                          2 4 6 01 1 5 8 66 
T o ta l     _                          3 1 6 39 2 8 1 52 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
Ad a p ta b le             D ista nc e   N o .  o f D e l     % A ss wi th D e l   kW h/d e l   P a r t L P H   
( Sc e na r i o  2 )                                    ( km)             ( %)     ( kW h)   ( kW h)  ( kW h)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
D e live r y o f M o d ule s     2 0 0     2      4 0     1 0 0 8   8 0 6  8 0 6 
U se  o f t h e  B uild in g                          2 4 6 01 1 5 8 66 
D e live r y to  D isp o sa l     3 0 0     1      4 0     1 5 1 2   6 0 5  6 0 5 
T o ta l     _                          2 6 0 12 1 7 2 77 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
T r ad itio na l            D ista nc e   N o .  o f D e l     % A ss wi th D e l   kW h/d e l   P a r t L P H                                     
( Sc e na r io  3 )           ( k m)             ( %)     ( kW h)   ( kW h)  ( kW h)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
P r od uc tio n &  
D e live r y to  Sup p lie r                         7 1 4 4  1 3 1 60 
D e live r y to  Site       2 0 0     3      1 0 0    1 0 0 8   3 0 2 4  3 0 2 4 
U se  o f t he  B uild in g                          2 4 6 01 1 5 8 66 
D e live r y to  D isp o sa l     3 0 0     1      4 0     1 5 1 2   6 0 5  6 0 5 
T o ta l     _                          3 5 3 74 3 2 6 55 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
4 COM PAR ISONS OF D IFF ERENT  INSULAT ING M AT ERIALS  
A numbe r  of di ff e re nt i ns ula t ion ma t er i al s a re  now e xami ne d i n or de r t o det er mi ne  t he  e ff e ct  of 
bot h ma nuf ac t ur e  a nd t r ans port  on t he e mbodi e d e ner gy of  t he  dwel li ng.  T a ble  6 s hows  t he  
t ype  of  i ns ul at i on, the  i ns ula t ions  λ  va l ue , the  de nsi t y, whe r e  t he  i nsula ti on i s  ma nuf a ct ure d, t he 
e mbodi e d e ne r gy f r om ma nuf a ct ur e  ( Har ve y, 2007)  a nd t he  e mbodi e d e ner gy f r om t r a ns port  t o 
Dubl i n 15.  
 
T a b le  6 .  E ne r g y a sso c ia te d  wi th d if fe r e n t in sula tio n s  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
I ns ula tio n          λ         ρ    Lo c a tio n       Qman    Qtrans    Qtotal    
                                    (W /mK )    ( kg/ m 3 )              ( kW h)      ( kW h)   ( kW h)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
Ce ll ulo se      0 . 0 4 5    5 5   G we nt ( W A L)    1 0 6 7   1 6 0 7       2 67 4 
Fib r e b o a r d     0 . 0 4 9    2 1 5  G ute nb e r g ( G E R)   5 3 3 21  6 2 4 1       5 95 6 2 
P o lyst yr e ne     0 . 0 3 0    3 0   Ca stle b la ne y ( I R L)   8 2 1 65  5 7 5   8 2 7 39 
P U R ( Clo se d  Ce ll)   0 . 0 2 0    3 5   Ca stle b la ne y ( I R L)   1 0 3 40 7  5 7 5   1 0 3 98 2 
P U R ( B e a d e d)   0 . 0 3 5    3 5   B e lfa st ( U K )     1 0 3 40 7  8 7 7   1 0 4 28 4 
Fib r e gla s s      0 . 0 4 0    3 5   La ud ne r  ( G E R)    1 6 7 56  6 5 4 3   2 3 3 00 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
As  s c e na ri o 2 doe s  not  ta ke  i nt o a c count  t he  e ner gy a s s oc i at e d wi t h t he ma nuf a c tur e  a nd del i -
ve r y of  t he  i ns ula ti on t o t he  s uppl ie r , t hi s  i s e xcl ude d f r om t he c ompa r is on of  dif f er e nt  i ns ul a -
t i ons  i n t hi s  Se ct i on. T her ef or e , T a bl e 7 outl i ne s t he  tot al  a mount of e ner gy r e qui r e d for ma nu -
f a ct ure  a nd tr a ns port  of  t he i ns ul a ti on t o t he  a da pt a bl e dwe l li ng de s c ri bed i n s ce na r i o 1 a nd t he 
t r a dit i ona l  dwe ll i ng de sc ri be d i n s c e na ri o 3.  
It  c a n be  s e en i n Ta ble  7 tha t  t hat  t he  l owe s t va l ue s  ar e  as s oci at e d wi t h t he  c el l ul os e  i nsul a -
t i on a nd t he  hi ghe st  wi th the  PUR ( Be a de d) i ns ula ti on.  Thi s i s mos t l y due  t o t he  e ner gy a s s o-
c i at e d wi t h t he  ma nufa c tur e of  bot h ins ul a ti ons  a nd a  sma l l  pa rt  at tr i but e d t o t he  t ra ns por t . 
Fur t he r mor e , whe n t he  re sul ts  i n T a bl e  7 a re  c ompa re d wit h the  sa vi ngs  ma de  by i ns ula ti ng 
t he  hous e , i t  i s  c le a r  t hat  it  is  r e as onabl e t o us e  a  c el l ulos e  ma t e ri al  ma nuf a ct ure d i n Wa l es  but  it  
i s  not r ea s ona ble  t o us e a  PUR ( Be a de d) i ns ula ti on ma nuf a ct ur e d i n Be lf a st .  It  i s a ls o i nte re s t -
i ng t o not e  t hat  PUR c lose d c el l  i nsul at ion has  a  l owe r  e ner gy a s s oc ia te d with i t  t han PUR 
be a de d i ns ul at i on e ve n t hough t he y ha ve  a  s i mi l a r  e ne r gy c ont e nt  a ss oci a te d wi th ma nuf a c t ure 
a nd del i ve r y.  T hi s  i s  a r esul t  of  t he  gr ea t er  t hic kne s s  of  i ns ul a ti on r e qui re d wit h t he  be a ded i n-
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s ul at ion a s it  ha s a  lowe r  λ  va l ue  t ha n the  cl ose d c el l i ns ul at ion.   T her ef ore , whe n c hoosi ng i n-
s ul at ion i t  i s  i mpor t a nt  t o cons i de r  t he  e ner gy a s s oc i a te d wi t h ma nuf a ct ure , t he  loc a ti on of  t he 
i ns ul at i on a nd t he  t her ma l  conduc ti vi t y of  t he  i ns ul at ion. 
Fi nal l y, it  i s  cl e ar l y s hown i n Ta ble  7 t ha t  f or  a ll  i ns ula t ion ma t e r i al s , t he  a da pt a bl e  dwe ll i ng 
ha s  a  l ower  e ner gy a s s oc i at e d wi th i t  t ha n t he  t ra diti ona l  dwe lli ng.  On a ve r a ge , t he  e ner gy a s -
s oc ia t ed wi th t he  e xte r na l  wa l l  i ns ul at i on of  the  a da pt a bl e  dwel li ng i s  30% -40%  l e s s  t ha n t hat 
a s s oci at e d w i t h t he tr a di ti ona l  dwel li ng. 
 
T a b le  7 .  Ad a p ta b le  vs tr a d itio na l c o nstr uc tio n  fo r  d i f fe r e nt  ins ula tio n ma te r ia l s –  e ne r g y a sso c ia te d  wit h  
ma n u fa c t ur e  a nd  tr a nsp o r t o nl y  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
Ad a p ta b le       P a r t L  P H    T r ad itio na l     P a r t L       P H  
( Sc e na r io  1 )           ( kW h/ y)   ( kW h / y)    ( Sc e na r io  3 )     ( kW h/y)   ( kW h / y)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
Ce ll ulo se     2 0 _   2 6           6 8      7 5    
Fib r e b o a r d    1 7 2  3 2 0         2 4 2    4 1 2 
P o lyst yr e ne    1 4 6  2 7 8         2 1 2    3 6 3 
P U R ( CC)     1 2 4  2 3 5         1 8 7    3 1 4 
P U R ( B e a d e d)  2 1 7  4 0 2         2 9 4    5 0 6 
Fib r e gla s s     6 3   1 0 9         1 1 7    1 6 9 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ 
5 CONCLUS ION  
Ins ul a t i on i s  i mpor t a nt  i n dwe l li ngs  i n or der  t o li mi t  he a t  l os s  a nd cr e at e  a  hea lt hy i ndoor  e nvi -
r onme nt .  Fur the r mor e , t he i ntr oducti on of  ca r bon t a xes , ri si ng f uel  c os ts , a nd inc re a s ing e ne r gy 
i ns ec uri t y, mus t  be  c onsi der e d in or de r  to pr ot e ct  t he  home owne r ’ s  si ze a ble  i nve s tme nt  a nd pr o-
vi de  gr e a t er  c er ta i nt y a nd e ne r gy s e c uri t y ove r  a  longe r  pe r iod.  Howe ve r , with r e s pe ct  t o t he 
he a t l os s  of  t he house  when dif f er e nt  U-V a l ue  le ve l s  of  e xt er nal  wal l i ns ula ti on a r e  pr ovi ded, it 
i s  s hown t hat  it  does  not  ne c e ss ar il y ma ke  e c onomi c  s e nse  t o i nve s t  i n a  supe r i or  bui l di ng 
e nve l ope  f or  dwe ll i ngs  i n Ir e l a nd.   
 Ada pt a bl e  dwel li ngs  us e  les s  ma t e r ia l  a nd ha ve  f e we r de l i ve ri e s  t o si t e;  it  i s  s hown t ha t  t his 
me t hod of  c onst r uc ti on provi de s  a  l ower  t ot a l  e mbodi e d e ne r gy c ont e nt  whe n c ompa r e d wi t h a 
t r a dit i ona ll y c ons tr uct e d dwe l li ng.  Eve n t hough t he  c a s e  s t udy e xa mi ne d e xte rna l  wal l  i ns ul a -
t i on onl y, t hes e  r e s ult s  c a n be  tr a ns l at e d to ot her  ins ula t ions  us e d i n t he  dwel li ng.  Furt her mor e , 
whe n t he  a mount  of  e ner gy r e quir e d t o ma nuf ac t ur e  and i mpor t  t he  i ns ula ti on is  i nve s ti ga t e d, it 
i s  s hown t hat  t he t ype  of  i ns ul at ion and t he l oc a ti on of ma nuf a c tur e wit h r e s pe ct  to t he  c onst r uc -
t i on s it e  i s  of  par a mount  i mpor ta nc e.   
Fi nal l y, i t i s r ec ogni ze d t ha t  the  me t hods  us e d t o c a lc ul at e  t he  he at  l os s  of  the  dwe l li ng a nd 
t he  LCA of  t he  e xt er nal  wa l l  i ns ul at i on ar e  si mpl e  me t hods .  T o c or r obor at e  the f i ndings  f r om 
t his  pa pe r , mor e  s ophi st i ca te d me t hods  wi ll  be us e d i n f ut ur e  r e se ar c h.  Fut ur e  r e se a r ch wil l  a ls o 
e xa mi ne  ot he r  c ompone nt s  of  t he  dwel li ng a nd t he ir  eff e ct  on t he  LCA of  t he  dwel li ng.    
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1 INT RODUCT ION 
 
T he  s e a r c h f or  s us t a i na bl e  bui l di ng c ons t r uc t i on s ol ut i ons  whi c h ha ve  a  r e duc e  a mount  of  CO2 
e mi s s i ons  a nd e ne r gy c ons umpt i on a nd, c ons e que nt l y, a r e  e nvi r onme nt a l  f r i e ndl y i s  e xt r e me l y 
i mpor t a nt  i t  t he  bui l di ng i ndus t r y i nt e nds  t o ma ke  a  c ont r i but i on on t he  c l i ma t e  c ha nge  i s s ue  
( M ur t a  e t  a l , 2009 1 ;  M ur t a  e t  a l , 2009 2 ) .  
Ha l f  of  t he  wor l d’ s  popul a t i on a ppr oxi ma t e l y, 3 bi l l i on pe opl e  on s i x c ont i ne nt s , l i ve s  or  
wor ks  i n bui l di ngs  ma de  f r om e a r t h ( www.e a r t ha r c hi t e c t ur e .or g/ ) . In t he  t hi r d wor l d c ount r i e s  
a l mos t  ha l f  of  t he  e xi s t i ng bui l di ngs  a r e  ma de  of  e a r t h ( M i nke , 2005) .T he  e a r t h c ons t r uc t i on i s  
a  wor l dwi de  he r i t a ge  t ha t  r e f l e c t s  t he  e xi s t i ng c ul t ur a l  di ve r s i t y of  pe opl e  ( Ca r va l ho e t  a l , 
2008) . Exa mpl e s  of  a nc i e nt  e a r t h c ons t r uc t i ons  a r e :  t he  Chi na  W a l l  ( 2000 B.C.)  
( www.gr e a t wa l l c hi na .i nf o)  a nd t he  Ar ge  Ba m c i t y i n Ir a n ( 500 B.C.)  
( www.f l i c kr .c om/ phot os / ne ga he no/ ) . T hi s  i mpr e s s i ve  e a r t h he r i t a ge  a l s o r e ve a l  t ha t  e a r t h c on-
s t r uc t i on c a n ha ve  a  ve r y s us t a i ne d dur a bi l i t y. At  t he  s a me  t i me , c ut t i ng e dge  mode r n e a r t h c on-
s t r uc t i ons , s uc h a s :  t he  Adobe  Re pos i t or y f or  Buda  St a t ue  i n J a pa n ( 2001 A.D.)  
( www.e a r t ha r c hi t e c t ur e .or g/ )  a nd t he  De s e r t  Cul t ur a l  Ce nt r e  i n Ca na da  ( 2006 A.D.)  
( www.c a na di a na r c hi t e c t .c om/ ) , pr ove  t ha t  e a r t h ba s e d bui l di ng ma t e r i a l s  a r e  nowa da ys  i n de -
ma nd. Ea r t h ha s  be e n us e d i n r e c e nt  ye a r s  i n t he  c ons t r uc t i on of  da ms  i n ma ny c ount r i e s  ( Zha ng 
e t  a l , 2008) . 
Re de f i ni ng e duc a t i ona l  c ur r i c ul a  t o a ddr e s s  s us t a i na bi l i t y i s s ue s  i s  s ome t hi ng t ha t  mus t  oc c ur  
a t  a l l  l e ve l s  of  f or ma l  e duc a t i on ( T a mout s e l i , 2008) , pa r t i c ul a r l y i n wha t  r e ga r ds  t he  c ons t r uc -
t i on me ga -s e c t or . Ea r t h ba s e d bui l di ng ma t e r i a l s  a r e  s us t a i na bl e , i n o ne  ha nd be c a us e  e a r t h i s  
na t ur a l , r e c yc l a bl e  a nd a bunda nt  a nywhe r e  i n t he  wor l d, a nd i n t he  ot he r  ha nd be c a us e  t he  
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de ve l ope d i n t he  T r á s -os -M ont e s  e  Al t o Dour o Uni ve r s i t y ( UT AD)  a nd f oc us e d on t he  bi omi -
me t i c  s t udy of  t he  Andorinha-dos-beirais  bi r d ne s t  c onc l ude d t ha t  t he r e  i s  a  s t r ong pos s i bi l i t y 
t ha t  t hi s  bi r d a dds  a  s i gni f i c a nt  a mount  of  gl uc os e  t ype  s uga r  i nt o t he  c l a y ma t e r i a l  dur i ng t he  
bui l di ng pr oc e s s  of  i t s  ne s t . Re s ul t s  f r om t he  nume r i c a l  mode l  of  t he  ne s t  i ndi c a t e d t ha t  t hi s  
na t ur a l  s t r uc t ur a l  s ys t e m wor ks  ma i nl y i n c ompr e s s i on, whi c h i s  i n l i ne  wi t h i nhe r e nt  pr ope r t i e s  
of  e a r t h ba s e d ma t e r i a l s , wi t h r e duc e d t e ns i l e  a nd s he a r  c a pa c i t y. Expe r i me nt a l  t e s t s  ha ve  
s hown t ha t  a n a ggl ut i na t i on phe nome non ma y oc c ur  r e s ul t i ng f r om t he  bui l di ng pr oc e s s  
a dopt e d by t he  Andorinha-dos-beirais bi r d. Ba s e d on t he s e  c onc l us i ons , t hi s  r e s e a r c h wor k i n-
t e nds  t o a na l ys e  t he  i nf l ue nc e  of  t he  gl uc os e  s uga r  t ype  a ddi t i on i nt o t he  ne s t  s t r uc t ur a l  pe r -
f or ma nc e . In t hi s  c ont e xt , c ompr e s s i on t e s t s  we r e  done  va r yi ng t he  l i qui d pha s e , s uga r  pe r c e nt -
a ge  a nd c ur i ng pe r i od. Expe r i me nt a l  r e s ul t s  c a n be  us e d t o s us t a i n t he  us e  of  t hi s  t e c hni que  i n 
t he  c ont e xt  of  e a r t h bui l di ngs  c ons t r uc t i on a nd c ont r i but e  f or  t he  f ut ur e  de ve l ope d a nd pr opos a l  
of  ne w r a w bui l di ng c ompos i t e  ma t e r i a l s . 
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t e c hni que s  us e d t o ma nuf a c t ur e  t he s e  ma t e r i a l s  a r e  us ua l l y s i mpl e , r e qui r i ng a n une xpr e s s i ve  
a mount  of  e ne r gy c ons umpt i on a nd a l s o ha vi ng a n une xpr e s s i ve  a mount  of  CO 2  e mi s s i ons  a s -
s oc i a t e d. T he  bui l di ng ma t e r i a l s  a nd t he  bui l di ng t e c hni que s  r e l a t e d t o e a r t h c ons t r uc t i on ha ve  
be e n de ve l ope d c ons t a nt l y, t he  e me r gi ng quincha metálica t e c hni que  ( Cor t é s , 2009)  whi c h i n-
t e nds  t o r e pl a c e  a  t r a di t i ona l  t i mbe r  s t r uc t ur e  s ys t e m by a  me t a l l i c  one  ke e pi ng t he  t r a di t i ona l  
e a r t h c ove r i ng of  t he  s ys t e m i s  j us t  one  e xa mpl e . 
T he  mos t  popul a r  t r a di t i ona l  Por t ugue s e  bui l di ng t e c hni que s  t ha t  us e  e a r t h a s  a  bui l di ng ma -
t e r i a l  a r e  aipa, adobe  a nd tabique  ( Ca r va l ho e t  a l , 2008) . 
T he  ma i n obj e c t i ve  of  t hi s  r e s e a r c h wor k i s  t o s t udy i f  a  s uga r  c ompone nt  ma y be  us e d a s  a  
na t ur a l  r e i nf or c e me nt  of  e a r t h ba s e d c ons t r uc t i on ma t e r i a l s  a nd c ont r i but e  f or  t he  de ve l opme nt  
of  be t t e r  s us t a i na bl e  bui l di ng t e c hni que s . T he  s uga r  c ompone nt  c a n be  obt a i ne d f r om a n a bun-
da nt  pl a nt  or  f r ui t  whi c h do not  i nt e r f e r e  wi t h wor l d f ood s uppl y.  
2 BACK GROUND  
A bi omi me t i c  s t udy of  t he  andorinha-dos-beirais  bi r d ne s t  ( Si l va  e t  a l , 2009 1 ;  Si l va  e t  a l , 
2009 2 )  ha s  c onc l ude d t ha t  t he r e  i s  a  s t r ong pos s i bi l i t y t ha t  t hi s  bi r d a dds  a  c e r t a i n a mount  of  
gl uc os e  i nt o t he  c l a y ma t e r i a l  dur i ng t he  bui l di ng pr oc e s s  of  t he  ne s t . T hi s  c ompone nt  ma y 
c ha nge  t he  pr ope r t i e s  of  t he  e a r t h-ba s e d ma t e r i a l , i nc r e a s i ng t he  pe r f or ma nc e  of  t hi s  r a w ma -
t e r i a l . T hi s  s t udy i nc l ude d:  t he  i de nt i f i c a t i on of  t he  e l e me nt a r y c he mi c a l  a nd mi ne r a l ogi c a l  
c ompos i t i ons  of  t he  ma t e r i a l  s a mpl e s  by t he  s c a nni ng e l e c t r on mi c r os c opy/ e ne r gy di s pe r s i ve  
s pe c t r os c opy ( SEM / EDS)  a nd by t he  X -r a y di f f r a c t i on a na l ys i s , r e s pe c t i ve l y;  t he  i de nt i f i c a -
t i on/ c ha r a c t e r i za t i on of  t he  or ga ni c  c ompos i t i on by us i ng t he  c ol or i me t r i c  me t hod, f or  whi c h 
t he  pr ot e i n c ompone nt s  we r e  de t e c t e d by t he  bi ur e t  me t hod a nd t he  pol ys a c c ha r i de s / s uga r s  
c ompone nt s  by t he  t ot a l  s uga r  me t hod. T he  t ype  of  pol ys a c c ha r i de s / s uga r s  i de nt i f i c a t i on a nd 
t he i r  a mount  qua nt i f i c a t i on wa s  done  by t he  a ni on-e xc ha nge  c hr oma t ogr a phy me t hod. 
3 LABORAT ORY RESEARCH DESIGN 
T he  a i m of  t he  l a bor a t or y pr ogr a m r e l a t e d t o t hi s  r e s e a r c h wor k wa s  t o unde r s t a nd t he  pot e nt i a l  
e f f e c t  of  s uga r  on t he  c ompr e s s i on s t r e ngt h c a pa c i t y of  a  c l a ye y s oi l . T he  r e a s on f or  c hoos i ng a  
c l a y f or  t hi s  e xpe r i me nt  wa s  ba s e d on pr e vi ous  r e s e a r c h ( Si l va  e t  a l , 2009 2 )  whi c h r e por t s  t ha t  
c l a y i s  t he  m a i n ma t e r i a l  us e d by t he  bi r d f or  i t s  ne s t  bui l di ng. 
T hi s  pr oba bl y i s  r e l a t e d not  onl y wi t h t he  f a c t  t ha t  i t s  s ma l l e r  pa r t i c l e  s i ze , whe n c ompa r e d t o 
s a nd pa r t i c l e s , ma ke s  i t  e a s i e r  t o be  c a r r i e d dur i ng ne s t  c ons t r uc t i on, but  a l s o due  t o t he  mor e  
s t a bl e  c he mi c a l  c ompos i t i on of  s a nd pa r t i c l e s , ma ki ng i t  i mmune  t o c ombi na t i ons  wi t h s uga r  
c ompone nt s . A ve r y c ommon t ype  of  c l a y us e d i n s oi l  r e l a t e d l a bor a t or y r e s e a r c h wa s  us e d – 
china c l a y.  
T he  s uga r  a dde d i n t he  mi xt ur e s  wa s  c ur r e nt  c omme r c i a l  s uga r  t ype . T he  us e  of  a  c ommon 
t ype  of  s uga r  i s  e c onomi c a l l y j us t i f i e d, s i nc e  i t s  l ow c os t  wi l l  a l l ow t he  us e  a t  a  l a r ge  s c a l e  f or  
e a r t h c ons t r uc t i on. Suga r  c r ys t a l s  a r e  or de r l y a r r a nge me nt s  of  s uc r os e  mol e c ul e s , whi c h i n t ur n 
a r e  c ompos e d of  c a r bon, hydr oge n a nd oxyge n ( Fr e nc h e t  a l , 2004) . W he n t he  s uga r  i s  a dde d t o 
wa t e r , i t  goe s  i nt o s ol ut i on, but  onl y up t o a  c e r t a i n a mount  of  s uga r  c a n be  a dde d t o t he  s ol u-
t i on f or  a  gi ve n t e mpe r a t ur e . Suc r os e  c a n a l s o be  s e e n a s  a  c ombi na t i on of  t wo s i mpl e r  s uga r s :  
f r uc t os e  a nd gl uc os e . Hydr ol yze  of  s uc r os e  i n ne ut r a l  e nvi r onme nt  ( pH =  7)  wi l l  r e s ul t  i n t he  
s e pa r a t i on of  t he s e  t wo c ompone nt s  [ 1] :  
 
C 12 H 22 O 11  +  H 2 O = >  C 6 H 12 O 6 +  C 6 H 12 O 6 
( s uc r os e )  +  ( wa t e r )  = >  ( gl uc os e )  +  ( f r uc t os e )  [ 1]  
 
W hi l e  hydr ol yze  i n a c i d e nvi r onme nt  ( pH <  7)  wi l l  r e s ul t  i n t wo mol e c ul e s  of  gl uc os e , [ 2] :  
 
C 12 H 22 O 11 +  H 2 O = >  2 C 6 H 12 O 6 
( s uc r os e )  +  ( wa t e r )  = >  2 ( gl uc os e )  [ 2]  
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Si nc e  r a i n ha s  a  pH be t we e n 5.6 a nd 5.7 i n non-pol l ut e d a t mos phe r e , i t  i s  f a i r  t o c ons i de r  t ha t  
hydr ol yze  dur i ng ne s t  c ons t r uc t i on wi l l  t a ke  pl a c e  i n a c i d e nvi r onme nt , me a ni ng t ha t  gl uc os e  i s  
t he  c ompone nt  r e s pons i bl e  f or  t he  r e a c t i on. Sa mpl e s  wi t h 0% , 2% , 6%  a nd 10%  s uga r  i n we i ght  
of  t he  t ot a l  mi xt ur e  we r e  pr e pa r e d ( T a bl e  1) . 
Af t e r  c ons i de r a t i on r e ga r di ng t he  pe r c e nt a ge s  of  e a c h c ompone nt  i n t he  mi xt ur e s  – s pe c i f i -
c a l l y s oi l , s uga r  a nd wa t e r  – i t  wa s  de c i de d t o ke e p t he  wa t e r  /  ( s oi l  +  s uga r )  a t  a  c ons t a nt  va l ue  
of  15% . T he  15%  va l ue  wa s  obt a i ne d a f t e r  s ome  t r i a l  mi xt ur e s , i nt e nde d pr e c i s e l y t o e s t i ma t e  
t he  wa t e r  ne e de d f or  mi xt ur e  homoge ni za t i on.  
T he  ot he r  pos s i bi l i t y c ons i de r e d a nd t e s t e d wa s  t o ke e p t he  wa t e r  /  s oi l  r a t i o a t  a  c ons t a nt  
va l ue  whe n s uga r  pe r c e nt a ge  wa s  modi f i e d, but  i t  wa s  de c l i ne d s i nc e  t he  va r i a t i on i n s uga r  
woul d a l s o modi f y s i gni f i c a nt l y t he  vi s c os i t y of  t he  s ol ut i on.  
T he  s ma l l  i nc r e a s e  i n wa t e r  /  s oi l  r a t i o of  1.9%  be t we e n t he  2%  a nd 10%  s uga r  c ont e nt  ( T a -
bl e  1)  wa s  ne c e s s a r y t o c ompe ns a t e  f or  t he  i nc r e a s e  i n t he  l i qui d pha s e  vi s c os i t y. Ot he r wi s e  t he  
mi xi ng pr oc e s s  wa s  s i gni f i c a nt l y i ne f f e c t i ve , ma ki ng pr a c t i c a l l y i mpos s i bl e  t o a c hi e ve  a n a c -
c e pt a bl e  l e ve l  of  homoge ne i t y. 
T he  c l a y wa s  pr e vi ous l y dr i e d f or  48 hour s  be f or e  t he  mi xi ng, t o gua r a nt e e  t ha t  t he  onl y wa -
t e r  pr e s e nt  i n t he  mi xt ur e  wa s  t he  i nt e nde d. T he  l i qui d a nd pl a s t i c  l i mi t s  of  t he  us e d c l a y a r e  
33.2%  a nd 20.3%  r e s pe c t i ve l y, r e s ul t i ng i n a  pl a s t i c i t y i nde x of  13% .  
Sa mpl e  s i ze  a nd s ha pe  wa s  a  3 x 4.5 c m c yl i nde r , t o be  t e s t e d f or  unc onf i ne d c ompr e s s i on a f -
t e r  7, 14 a nd 28 da ys  c ur i ng i ns i de  t he  mol ds . T he s e  c ur i ng pe r i ods  we r e  l a t e r  a l t e r e d, a nd a  
s i ngl e  c ur i ng pe r i od wa s  us e d. T hi s  wa s  due  t o t he  f a c t  t ha t  t he  s a mpl e s  di d not  ga i n e nough 
c ohe s i on t o be  r e move d f r om t he  mol ds  a t  t he  i nt e nde d pe r i ods .  
Af t e r  t he  28 da ys  c ur i ng pe r i od pa s s e d wi t hout  s i gni f i c a nt  i mpr ove me nt  i n s a mpl e  ha r dne s s , 
i t  wa s  de c i de d t o l e a ve  t he  s a mpl e s  i n t he  ove n a t  50º  C f or  48 hour s . T he  i nc r e a s e  i n t e mpe r a -
t ur e  a c c e l e r a t e d t he  ha r de ni ng pr oc e s s , a l l owi ng t he  t e s t i ng of  t he  s a mpl e s  a f t e r  30 da ys  c ur i ng. 
 
T a b le  1 .  W e ight p e r c e nta ge s in the  mixtur e  fo r  e ve r y suga r  c o nte nt 
 Suga r  c o n te nt 
 0 % 2 % 6 % 1 0 % 
So il 8 5  % 8 3 % 7 9 % 7 5 % 
W a te r  1 5 % 1 5 % 1 5 % 1 5 % 
W a te r  / so il r a tio  0 . 1 7 6  0 . 1 8 1  0 . 1 9 0  0 . 2 0 0  
Suga r  / wa te r  r a tio  0  0 . 1 3 3  0 . 4 0 0  0 . 6 6 7  
Suga r  / so il r a tio  0  0 . 0 2 4  0 . 0 7 6  0 . 1 3 3  
 
T hr e e  s a mpl e s , f r om one  ba t c h, we r e  t e s t e d t o pr oduc e  a  s i ngl e  r e s ul t . T he  mol ds  we r e  f i l l e d 
a nd we i ght e d t o gua r a nt e e  mi ni ma l  va r i a t i ons  i n de ns i t y be t we e n t he  t hr e e  s a mpl e s  ( Fi gur e  1) . 
Ove r a l l  t he r e  wa s  onl y a  s l i ght  c ha nge  i n de ns i t y, e ve n wi t h t he  va r i a t i on i n s uga r  c ont e nt  ( T a -
bl e  2) . 
 
    
 
a )  Cl a y b)  W a t e r  c )  M i xi ng d)  Fi l l i ng e )  W e i ght i ng 
Figur e  1  –  P r o c e d ur e s o f the  fa b r ic a tio n o f the  sa mp le s 
 
T a b le  2 .  Ave r a ge  sa mp le  we ight a c c o r d ing to  e a c h suga r  c o nte nt 
Suga r  c o n te nt 0 % 2 % 6 % 1 0 % 
Ave r a ge  we ight 5 8 . 8 4  g 5 8 . 7 2  g 5 8 . 4 0  g 5 9 . 0 4  g 
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T he  unc onf i ne d c ompr e s s i ve  t e s t s  ( UCS)  we r e  pe r f or me d i n t he  M a t e r i a l s  a nd Soi l  La bor a t o-
r y of  Uni ve r s i t y of  T r á s -os -M ont e s  e  Al t o Dour o ( UT AD)  us i ng a  5 K N c a pa c i t y hydr a ul i c  t e s t -
i ng ma c hi ne , a t  a  s t r a i n r a t e  of  0.30 mm/ mi nut e , Fi gur e  2. 
 
 
Figur e  2 : Co mp r e ssio n te st 
4 LABORAT ORY RESULT S AND ANALYSIS 
Af t e r  be i ng r e move d f r om t he  mol ds  t he  s a mpl e s  r e ve a l e d s ome  voi ds  i n t he  vol ume  ( Fi gur e  3) , 
whi c h i nc r e a s e d wi t h s uga r  c ont e nt . T hi s  wa s  pa r t i c ul a r l y une xpe c t e d s i nc e  t he  we i ght  of  t he  
s a mpl e s  pr i or  c ur i ng wa s  s i mi l a r  ( Se c t i on 3) . Cr a c ks  ( Fi gur e  3, de t a i l  I) , mi s s i ng ma s s  ( Fi gur e  
3, de t a i l  II)  a nd i r r e gul a r  t op s ur f a c e s  ( Fi gur e  3, de t a i l  III)  we r e  t he  ma i n de f e c t s  pr e s e nt e d. 
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Figur e  3 .  So me  o f the  sa mp le s p r io r  to  U CS te sting.  
 
Some  s a mpl e s  we r e  s o ba dl y a l t e r e d i n s ha pe  t ha t  t he y c oul d not  be  t e s t e d. T hi s  wa s  due  t o de -
f i c i e nc i e s  of  t he  mol di ng pr oc e s s , r e s ul t i ng f r om t he  hi gh pl a s t i c i t y of  t he  mi xt ur e s  wi t h s uga r .  
T hi s  s e t ba c k c a s t s  s ome  doubt s  on t he  f i na l  s t r e ngt h r e s ul t s  obt a i ne d, s i nc e  t he  e xa c t  c r os s  
s e c t i on a r e a  of  t he  s a mpl e s  c oul d not  be  de t e r mi ne d, he nc e  t he  a r e a  of  a  c i r c l e  wi t h a  3 c m di -
a me t e r  wa s  c ons i de r e d. T he  s a mpl e s  we r e  we i ght e d be f or e  t e s t i ng ( Fi gur e  4) . 
T he  r e s ul t s  wi t h t he  unc onf i ne d c ompr e s s i on t e s t s  a r e  s hown i n Fi gur e  5. T he  f a c t  t ha t  t he  
c ompr e s s i ve  s t r e ngt h wa s  hi ghe r  f or  t he  s a mpl e s  wi t h no s uga r  pr oba bl y r e f l e c t s  t he  be t t e r  c on-
di t i ons  i n whi c h t he s e  s a mpl e s  we r e  e xt r a c t e d f r om t he  mol d. 
T he  f a c t  t ha t  a  hi ghe r  t e mpe r a t ur e  wa s  us e d f or  t he  t wo l a s t  da ys  of  c ur i ng c oul d a l s o ha ve  
s ome  i nf l ue nc e  not  onl y on t he  f i na l  s ha pe  of  t he  s a mpl e s  but  a l s o on t he  c ompr e s s i ve  s t r e ngt h 
l e ve l s . T o a ddr e s s  t hi s  s i t ua t i on l owe r  pe r c e nt a ge s  of  s uga r  s houl d be  t e s t e d i n or de r  t o i mpr ove  
t he  c ur i ng pr oc e s s  a nd a voi d t he  ne e d t o i nc r e a s e  t e mpe r a t ur e . 
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Figur e  4 .  Ave r a ge  we ight o f the  sa mp le s b e fo r e  a nd  a fte r  o ve n.  
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Figur e  5 .  U nc o nfine d  c o mp r e ssive  str e ngth ( U CS) .  
5 M AIN CONCLUSIONS 
T he  wor k he r e  pr e s e nt e d wa s  t he  f i r s t  s t e p i n a  t hor ough r e s e a r c h pr ogr a m whi c h i s  be i ng he l d 
a t  UT AD uni ve r s i t y. T he r e f or e , t he  opt i ons  t a ke n r e ga r di ng t he  s a mpl e  pr e pa r a t i on a nd c ur i ng 
c oul d not  be  ba s e d on a ny pr e vi ous  r e s e a r c h e ve r  r e por t e d. T he  c ondi t i ons  of  t he  s a mpl e s  be -
f or e  t e s t i ng r e ve a l e d t ha t  s ome  c ha nge s  r e ga r di ng t he i r  pr e pa r a t i on a r e  ne e de d:  
 
• M a xi mum s uga r  c ont e nt  s houl d be  l owe r . T hi s  wi l l  a l l ow t he  mi xt ur e s  t o be  pr e pa r e d wi t h 
t he  s a me  wa t e r  c ont e nt  ( a s  r e f e r r e d i n Se c t i on 3) , whi c h i n t ur n wi l l  a l l ow t he  us e  of  j us t  t he  
ne c e s s a r y wa t e r  f or  homoge ni za t i on.  
• Gr e a t e r  c a r e  i s  ne e de d whe n f i l l i ng t he  mol ds . A hi ghe r  f r e que nc y t a bl e  s houl d pr e ve nt  t he  
s a mpl e s  f r om f or mi ng s i gni f i c a nt  a i r  voi ds  i n i t s  vol ume . 
• T he  s a mpl e s  ne e d t o be  r e move d f r om t he  mol ds  f or  c ur i ng, s o t ha t  i t s  c ondi t i on c a n be  
c ont r ol l e d.  
• In f ut ur e  t e s t s  c ur i ng i n t he  ove n s houl d be  a voi de d, s i nc e  i t  mi ght  ha d s ome  i nf l ue nc e  on 
f i na l  s ha pe  a nd s t r e ngt h of  t he  s a mpl e s . 
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T hi s  pr opos e d c ha nge s  i n t he  t e s t i ng pr oc e s s  a r e  a l r e a dy be i ng put  i n pr a c t i c e  a nd ne w de ve l -
opme nt s  s houl d he l p pr ove  t he  s ui t a bi l i t y of  t hi s  t e c hni que  f or  e a r t h c ons t r uc t i on. Che mi c a l  
a na l ys i s  we r e  a l s o de s i gne d t o he l p unde r s t a nd t he  r e a c t i ons  be hi nd t he  e xpe c t e d s oi l  i mpr ove -
me nt . 
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1 INT RODUCT ION 
Cur r e nt l y, our  s oc i e t y f a c e s  t he  ne e d t o me e t  a  r e s pons e  t o a  s oc i a l  r e qui r e me nt  t ha t  ha s  ma -
j or  i mpl i c a t i ons  i n our  pr oduc t i on s ys t e m a nd, s pe c i f i c a l l y, i n t he  f i e l d of  c ons t r uc t i on ma t e r i -
a l s :  r e ga r di ng t o s us t a i na bl e  de ve l opme nt  ( Cuc hí , 2005) . A s us t a i na bl e  s oc i e t y i s  a n ut opi a , a s  
s i nc e  t he  Ne ol i t hi c  pe r i od t ha t  M a n s t a r t e d t o e xpl oi t  r e s our c e s  mor e  t he n na t ur e  by i t s e l f  c a n 
gi ve . T hi s  s c e ne r y got  e xpone nt i a l l y wor s t  a f t e r  t he  Indus t r i a l  Re vol ut i on a nd e s pe c i a l l y on t he  
e nd of  t he  ni ne t e e nt h c e nt ur y. A s us t a i na bl e  us e  of  r e s our c e s  i s  nowa da ys  onl y pos s i bl e  i n t hos e  
a r e a s  of  t he  pl a ne t  t ha t  we r e  i s ol a t e d f r om t he  c ons ume r  s oc i e t y, whe r e  t he  mut ua l  r e l a t i ons hi p 
of  ma n wi t h na t ur e  a l l owe d l i f e  i n ha r mony wi t h t he  e c os ys t e ms . Cons t r uc t i on i s  one  of  t he  s e c -
t or s  t ha t  mor e  i nt e ns i ve l y us e  ma t e r i a l s . 
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ABST RACT :  T hi s  pa pe r  pr e s e nt  a  r e s e a r c h wor k a bout  s us t a i na bi l i t y of  c ons t r uc t i on, ba s e d on 
t he  us e  of  na t ur a l  f i br e  ma t e r i a l s  on a r c hi t e c t ur e . Se ve r a l  a s pe c t s  wi l l  be  pr e s e nt e d a nd di s -
c us s e d, r e ga r di ng s oc i a l , e c onomi c a l  a nd e nvi r onme nt a l  i s s ue s . T he  obj e c t i ve  i s  t o pr opos e  a n 
i nc r e a s e d us e  of  na t ur a l  f i br e s  on e xt e r i or  f a c a de  wa l l s  of  bui l di ngs , us i ng a s  mode l  t he  ve r -
na c ul a r  a r c hi t e c t ur e . W a l l  t ypol ogi e s  wi l l  be  pr e s e nt e d f r om a n hi s t or i c a l ;  a  s t a t e  of  a r t  a nd a l s o 
s ugge s t i ng f ut ur e  e xpe c t e d de ve l opme nt s . T he  pr opos e d f a ç a de  wa l l  t ype s  us i ng na t ur a l  f i br e s  
wi l l  be  c ompa r e d wi t h t he  c onve nt i ona l  hol l ow br i c k wa l l s  mos t l y us e d i n Por t ugue s e  c ont e m-
por a r y c ons t r uc t i on. T he  hi s t or y of  us i ng na t ur a l  f i br e s  i n Por t uga l , r e l a t e d wi t h t he  ge ogr a phi c  
c ondi t i ons  a nd t he  a va i l a bl e  r e s our c e s  wi l l  a l s o be  de s c r i be d a nd s ome  e xa mpl e s  s hown. M or e -
ove r , i t  wi l l  be  poi nt e d out  t he  i mpor t a nc e  of  t he  us e  of  na t ur a l  f i br e s  on t he  l oc a l  e c onomy. 
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T he  f i gur e  1 ma ke s  a  l i nk be t we e n t he  a va i l a bi l i t y of  l oc a l  ma t e r i a l s  a nd t he  c ons t r uc t i on i n 
t he  pe r i ods  of  t he  Indus t r i a l  Re vol ut i on a nd Pos -Indus t r i a l  Re vol ut i on. Af t e r  t he  Indus t r i a l  
Re vol ut i on, whi c h c a us e d t he  ma s s i ve  pr oduc t i on of  ma t e r i a l s  a nd ge ne r a t i ng a  s t r ong e ne r ge t i c  
c r i s i s , M a n ha d a s  c ons e que nt i a l  c hoi c e  r e t ur n t o t he  pa s t , r e f oc us i ng i n t he  l oc a l  ma t e r i a l  a nd 
a r t i s a na l  t e c hni que s , i n or de r  t o mi ni mi ze  t he  us e  of  i ndus t r i a l  ma t e r i a l s , but  a ddi t i ona l l y a ppl y-
i ng t he  ne w t e c hnol ogi e s . Ac c or di ng t o t he  W or l d W a t c h Ins t i t ut e  ( W W I) , t he  c ons t r uc t i on of  
bui l di ngs  a nd i nf r a s t r uc t ur e  c ons ume s  be t we e n 45%  a nd 60%  of  ma t e r i a l s  e xt r a c t e d f r om t he  
l i t hos phe r e . 
One  of  t he  M a n c ha r a c t e r i s t i c s  i s  t he  a bi l i t y t o t r a ns f or m t he  r a w ma t e r i a l s  a va i l a bl e  i n na -
t ur e  a nd ove r c ome  t he  l a c k of  bi ol ogi c a l  t ool s  a va i l a bl e  t ha t  ot he r  pr e da t or y s pe c i e s  ha ve  ( Da n-
t a s , 2004) . T he  t e c hnol ogi e s  t ha t  us e  na t ur a l  f i br e s  r e ve a l  knowl e dge , me a ni ngs  a nd r e l a t i on-
s hi ps  t ha t  t a ke  t oge t he r  s oc i a l  gr oups , a nd t he  e xt i nc t i on of  t hi s  knowl e dge  unde r mi ne s  t he  
i de nt i t y a nd t he  own e xi s t e nc e  of  t hos e  gr oups  a nd t hos e  wi t h whi c h t he y i nt e r r e l a t e . Huma n 
be i ngs  c a nnot  e xi s t  wi t hout  t he  i nt e gr a t i on wi t h t he i r  e nvi r onme nt :  Homo Faber  be c a me  c on-
s c i ous  of  t he i r  a c t i on on t he  na t ur e  a nd c ont r ol  t he  e nvi r onme nt  t hr ough a c t i ons , whe r e  t he  us e -
f ul  a c t , i .e ., t he  t ool  us i ng t he  t e c hni que , i s  of  f unda me nt a l  i mpor t a nc e  i n t hi s  c ont e xt  ( Ce r -
que i r a , 1994) .  
One  ma y be l i e ve  t ha t  i t  i s  s t i l l  pos s i bl e  t o l i ve  doi ng s ome  t hi ngs  by ha nd, a c c or di ng t o our  
own pa c e  a nd wi t h pe r f e c t  knowl e dge  of  t he  ove r a l l  pr oc e s s . T he  c r a f t  i s  one  of  s e ve r a l  popul a r  
s t r a t e gi e s , whi c h e na bl e s  i nt e l l i ge nt  me n a nd wome n r e t ur n ba c k t o s c e pt i c i s m a nd di r e c t  t he  
wor k pr oc e s s  a s  t he  de s i gn of  t he i r  a r t e f a c t s . T he  c ont e mpor a r y c r a f t  i s  ne c e s s a r i l y pe r i phe r a l  
r e l a t i ve l y t o t he  bul k of  e c onomi c  a c t i vi t y. Be gi nni ng i n t he  s e ve nt i e s , i t  wa s  e a s y t o c or r e l a t e  
t he  gr os s  dome s t i c  pr oduc t  a nd e ne r gy c ons umpt i on wi t h t he  c ount r i e s  e c onomi c  de ve l opme nt . 
M or e ove r , a  hi ghe r  c ons umpt i on me a ns  mor e  s ynt he t i c  f i br e s  t o me e t  t he  de ma nds , l a r ge r  di s -
pl a c e me nt  bot h of  l a bour  a nd l e i s ur e , mor e  hous i ng s ur f a c e  a r e a  a nd mor e  s e r vi c e s  i n ge ne r a l .  
1.1 Materials on the first settlements 
T he  f i r s t  ma t e r i a l  pr oduc e d by ma n t o ge t  a  s he l t e r  wa s  t he  wove n a nd a r e  r a r e  t he  c i vi l i za t i ons  
t ha t  di d not  de ve l op s ome  ki nd of  br a i de d na t ur a l  f i br e s . T he  f r a gi l i t y of  t he  ma t e r i a l  wi t h r e -
s pe c t  t o i t s  pr e s e r va t i on wi t hi n t he  t i me , ha ve  l e f t  l e s s  t r a c e s  of  t he  e me r ge nc e  of  t he  s t r a w t ha n 
t he  l e f t  by t he  pot t e r y.  
T he s e  hut s  or  s he l t e r s  we r e  pr e s e nt e d i n va r i ous  f or ms , de pe ndi ng on t he  c ondi t i ons  of  t he  
na t ur a l  e nvi r onme nt  a nd r e s our c e s  or  ma t e r i a l s  t ha t  we r e  pr ovi de d by na t ur e  ( V e i ga , 1967) . T he  
t e nt s  a nd noma di c  dwe l l i ngs  a r e  bui l t  f r om knowl e dge  i nhe r i t e d a nd t r a ns mi t t e d t o ne w ge ne r a -
t i ons , wi t h s i mpl e  ge ome t r i c  s ha pe s  ( s qua r e  or  c i r c ul a r ) , f a c i l i t a t i ng t he  ma ni pul a t i on by a ny 
me mbe r  of  t he  s oc i a l  gr oup. T hi s  t ype  of  a r c hi t e c t ur e  i s  c ons t a nt l y c ha ngi ng a s  a  r e s ul t  of  i t s  
r e us e  ove r  t i me  a nd i s  c l os e l y r e l a t e d t o t he  s oc i o-e c onomi c  gr oup t o whi c h be l ongs , t o t he  s ur -
r oundi ng l a nds c a pe , t he  a s pe c t s  of  l i ght ne s s  a nd t r a ns por t , t he  na t ur a l  e l e me nt s  a nd t he  e a s y a s -
s e mbl y a nd di s a s s e mbl y ( Fi nki e l s zt e j n, 2006) . Fr om t he  e nd of  t he  Pa l a e ol i t hi c , i n r e gi ons  
whe r e  t he r e  wa s  no na t ur a l  s he l t e r  unde r  r oc ks , t he  ma n ha s  r a i s e d s ma l l  bui l di ngs  wi t h na t ur a l  
f i br e s . T hos e  s he l t e r s  a r e  c ha r a c t e r i ze d a s  e l e me nt s  of  l ow s t a bi l i t y a nd dur a bi l i t y a nd, c ons e -
que nt l y, ha ve  not  l e f t  ve r y s i gni f i c a nt  t r a c e s ;  t he r e f or e  i t s  f or ms  c a n be  e s t a bl i s he d onl y t e nt a -
t i ve l y.  
 
 
 
 
 
 
 
 
 
 
 
 
F i gu r e 2 .  Ci t an i a d e Br i t ei r o s,  Gu i mar ães 
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Onl y s i nc e  t he  Ne ol i t hi c  pe r i od hous i ng a r c ha e ol ogi c a l  r e ma i ns  ha ve  s t a r t e d t o be  e vi de nt , 
t he  s c i e nt i f i c  a nd a nt hr opol ogi c a l  s t udi e s  a l l owe d a  f a i t hf ul  r e c ons t r uc t i on of  t he  or i gi na l  dwe l l -
i ngs , whe r e  c a n be  s e e n t he  pr e s e nc e  of  c ove r s  ma de  of  na t ur a l  f i br e s  ( s t r a w c oa t i ng ove r  wood 
s t r uc t ur e ) ;  a s  i n t he  c a s e  of  “ Ci t a ni a  de  Br i t e i r os ” , i n Gui ma r ã e s  c i t y ( Fi g. 2) . 
2 NAT URAL FIBRES 
Pl a nt  f i br e s  a r e  f l e xi bl e , ha ve  gr e a t  r e s i s t a nc e  t o a br a s i on a nd c a n wi t hs t a nd t he  he a t  a nd l i ght  
f r om e xt e r i or  e xpos ur e . Some  c a n a l s o wi t hs t a nd t he  ma r i ne  e nvi r onme nt . T he y a r e  a l l  bi ode -
gr a de d by t he  a c t i on of  mi c r oor ga ni s ms , a n a dva nt a ge  i n c e r t a i n s i t ua t i ons . Ac c or di ng t o i t s  
c ons i s t e nc y, na t ur a l  f i br e s  c a n be c ome  r i gi d, ma l l e a bl e  a f t e r  dr ought , or  ma i nt a i n t he i r  c ons i s -
t e nc y a nd ha r d be f or e  be i ng c ut . Some  na t ur a l  f i br e  ma t e r i a l s  a r e  c ommonl y us e d i n c ons t r uc -
t i on, a pa r t  f r om wood, t he  mos t  c ommon na t ur a l  f i br e  us e d i n c ons t r uc t i on c or k a nd c oc onut  f i -
br e s  a r e  nowa da ys  c ommon i ns ul a t i on ma t e r i a l s . 
2.1  Cork  
T he  c or k-e xpa nde d r e s ul t s  f r om t he  a ggl ut i na t i on of  c ompr e s s e d gr a nul e s  a nd c onne c t e d onl y 
wi t h i t s  own r e s i n unde r  t he  i nf l ue nc e  of  pr e s s ur e  a nd t e mpe r a t ur e , wi t hout  us i ng a ny c he mi -
c a l s . It  i s  pr e s e nt e d i n t he  f or m of  pl a t e s  a nd a ggr e ga t e s  a nd t he i r  mos t  c ommon a ppl i c a t i ons  
a r e  t he r ma l  a nd a c ous t i c  i ns ul a t i on of  r oof s  a nd a t t i c s ;  i s ol a t i on of  pi pe s  c a r r yi ng l i qui ds  wi t h 
hi gh pos i t i ve  or  ne ga t i ve  t e mpe r a t ur e s ;  t he r ma l  a nd a c ous t i c  i ns ul a t i on of  i nt e r i or  a nd e xt e r i or  
wa l l s ;  s l a bs  i s ol a t i on t o t he  t r a ns mi s s i on of  pe r c us s i on s ounds ;  vi br a t i on-i s ol a t i on ( i ndus t r i a l  
ma c hi ne r y) .  
T he  c l us t e r  e xpa nde d ma t e r i a l  i s  a  l ong-l a s t i ng, r ot  pr oof , r e s i s t a nt  t o c ompr e s s i on a nd hi gh 
di me ns i ona l  s t a bi l i t y. It  ha s  t he  a dva nt a ge  of  s e r vi ng bot h t he  t he r ma l  a nd a c ous t i c  i ns ul a t i on, 
whi c h doe s  not  ha ppe n i n c onve nt i ona l  pol ys t yr e ne  f oa m. It s  a ppl i c a t i on i n pl a t e s  i s  e a s y, s i nc e  
i t  c a n be  c ut  wi t h a  c ommon s a w. It  i s  a  100%  r e c yc l a bl e  ma t e r i a l . T he  ma i n r a w ma t e r i a l , i s  of  
na t ur a l  or i gi n, i s  r e ne wa bl e  a nd i s  a  Por t ugue s e  pr oduc t , s o i t s  us e  a l s o pr omot e s  t he  Por t ugue s e  
e c onomy. Al t hough t he  pl a t e s  ha ve  s l ot s  whi c h c a n br i ng a c ous t i c  or  t he r ma l  br i dge s  pr obl e ms  
dur i ng i t s  pl a c e , i f  not  f i l l i ng t he  box t ube s  i n t ot a l i t y. It  i s  r e l a t i ve l y he a vy c ompa r e d t o ot he r  
i ns ul a t i on ma t e r i a l s . Cor k bur ns , ma ki ng i t  l e s s  s ui t a bl e  f or  s ome  t ype s  of  us e s  a nd t he i r  pr ot e c -
t i on i n t he  f i r e  box-of -a i r  mus t  be  s a f e gua r de d, e s pe c i a l l y i n mul t i -s t or e y bui l di ngs , t o pr e ve nt  
t he  s pr e a d of  f i r e  be t we e n f l oor s  ( M e ndonç a , 2005) .  
Por t uga l , whi l e  be i ng a  c ount r y of  s ma l l  s i ze , pr oduc e s  mor e  c or k t ha n t he  r e s t  of  t he  wor l d, 
oc c upyi ng t he  c or k a  l a r ge  a r e a  of  Por t ugue s e  t e r r i t or y a nd ha s  a  ve r y i mpor t a nt  c ont r i but i on t o 
t he  e c onomy a nd e c ol ogy of  s e ve r a l  M e di t e r r a ne a n c ount r i e s . An a na l ys i s  of  c or k di s t r i but i on 
by c ount r y i mme di a t e l y s hows  t ha t  Por t uga l  ha s  a r ound 33%  of  t he  wor l d;  whe r e  i t  i s  f i nd 
ma i nl y i n t he  Al e nt e j o ( 72% ) , Li s bon a nd T e j o V a l l e y ( 21 % ) . Howe ve r , l i t t l e  i s  known a bout  
t he  us e  of  c or k a s  a  bui l di ng ma t e r i a l  i n t he  pa s t . In t he  ne i ghbour hood of  Cor t i ç a da s , one  c a n 
f i nd t r a c e s  of  bui l di ngs  whe r e  t he  c or k wa s  us e d a s  a  bui l di ng ma t e r i a l  ( Fi g. 3) . 
 
  
    
F i gu r e 3 .  Wal l  mad e o f Co r k an d  E ar t h  i n  Co r t i çad as.  
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 2.2 Coconut Fibre 
Or i gi na l l y f r om Indi a  a nd Sr i  La nka , be ga n t o be  i nt r oduc e d i n Eur ope  a f t e r  t he  Por t ugue s e  a r -
r i va l  i n Indi a . It  c a n be  us e d a s  t he r ma l  a nd a c ous t i c  i ns ul a t i on, whi c h i s  hi ghl y e f f e c t i ve , e s pe -
c i a l l y c ombi ne d wi t h t he  c or k-e xpa nde d. T he  us e  i n t he  wor l d of  na t ur a l  r a w a nd r e ne wa bl e  
ma t e r i a l s  i n l a r ge  qua nt i t i e s , ha s  s e ve r a l  a dva nt a ge s , c ompa r e d t o t he  us e  of  a  ma t e r i a l  t ha t  
woul d e nd l os t , a nd t ha t  i s  t r a ns f or me d wi t hout  de t r i me nt  t o t he  e nvi r onme nt , pl a c i ng t he  c oc o-
nut  f i br e  i n t he  r a nge  of  f r i e ndl y pr oduc t s . Coc onut  f i br e  ha s  ma ny a dva nt a ge s  i n i t s  us e , i n a d-
di t i on t o be i ng a n e nvi r onme nt a l l y f r i e ndl y ma t e r i a l  a nd e a s i l y r e c yc l a bl e . Be l ongi ng t o t he  
f a mi l y of  ha r d f i br e s , i t s  ma i n c ompone nt s  a r e  c e l l ul os e  a nd wood t ha t  gi ve  hi gh l e ve l s  of  r i gi d-
i t y a nd ha r dne s s , be i ng pe r f e c t l y s ui t e d t o t he  ma r ke t s  of  t he r ma l  a nd a c ous t i c  i ns ul a t i on, due  t o 
i t s  c ha r a c t e r i s t i c s :  s t r e ngt h, dur a bi l i t y a nd r e s i l i e nc e , ma ki ng i t  a  ve r s a t i l e  ma t e r i a l . Due  t o i t s  
e xc e pt i ona l  a c ous t i c  pe r f or ma nc e s , i t  c ont r i but e s  t o a  s ubs t a nt i a l  r e duc t i on i n noi s e  l e ve l s , e i -
t he r  of  i mpa c t  or  a i r , i de a l  f or  ma ny of  t he  pr obl e ms  i n t he  a c ous t i c  a r e a  gr e a t l y e xc e e di ng t he  
r e s ul t s  obt a i ne d wi t h t he  us e  of  ot he r  ma t e r i a l s . Howe ve r , i t s  a ppl i c a t i on i s  ha mpe r e d by t he  
di f f i c ul t y of  we bs  c ut t i ng, s i nc e  t he  f i br e s  a r e  ve r y t ough a nd of f e r  muc h r e s i s t a nc e  t o t he  
bl a de s , a s  we l l  a s  c onve nt i ona l  dr i l l s , l oc ki ng up a nd not  l e t t i ng t he m t o pe ne t r a t e  t he  ma t e r i a l . 
Be c a us e  i t  ha s  not  f i t t i ngs , i f  not  pl a c e d wi t h c a r e  c a n l e a d t o t he  e me r ge nc e  of  s ound br i dge s . It  
i s  a l s o a  f ue l , s uc h a s  c or k ( M e ndonç a , 2005) . 
T he  us e  of  di f f e r e nt  na t ur a l  f i br e s  i n Por t uga l  a r c hi t e c t ur e  wa s , i n t he  pa s t , c l os e l y l i nke d 
wi t h t he  c ha r a c t e r i s t i c s  of  c l i ma t i c  r e gi ons , whi c h di f f e r  ove r  t e r r i t or y. As  e xa mpl e  of  nowa -
da ys  c ons t r uc t i ons , us i ng na t ur a l  f i br e s , i n Por t uga l  r e gi ons  wi t h di f f e r e nt  c l i ma t i c  c ha r a c t e r i s -
t i c s  a r e :  a )  a  c ons t r uc t i on c a r r yi ng out  wi t h pr i mi t i ve  t e c hni que s  i n t he  Nor t h of  t he  c ount r y 
( Ge r ê s ) , a  pe r f e c t  e xa mpl e  t o pr omot e  a n a r e a  of  na t ur a l  i nt e r e s t  by me a ns  of  t r a di t i ona l  a r c hi -
t e c t ur e  ( Fi g. 4)  a nd b)  T he  “ Empe na ”  Hous e  i n M a de i r a  Is l a nd, i n t he  f or m of  i nve r t e d V , t ha t  
i n t he  pa s t  s e r ve d t o s t or e  a gr i c ul t ur a l  pr oduc t s  a nd nowa da ys  i s  a  t our i s t  r e s i de nt i a l  hous e s , 
ve r y t ypi c a l  of  t he  Is l a nd ( Fi g. 5) . 
 
 
   
F i gu r e 4 .  Recen t  co n st r u ct i o n s i n  t h e No r t h  o f P o r t u gal .  
 
 
 
 
F i gu r e 5 .  “E mp en a” Ho u se i n  M ad ei r a I sl an d .  
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3 BUILDING SYST EM S FOR EX T ERIOR W ALLS  
Hous i ng i s  one  of  mode r n a r c hi t e c t ur e 's  mos t  i mpor t a nt  a r e a s  of  i nve s t i ga t i on, f r om ur ba ni s m t o 
t ypol ogi e s  a nd c ons t r uc t i ve  t e c hnol ogi e s , but  we  c a n c onc l ude  t ha t  f l e xi bi l i t y wa s  not  a  de c i -
s i ve  c onc e r n, a s  mos t  bui l di ngs  a r e  ba dl y a da pt a bl e  t o c ha nge a bl e  l i vi ng pa t t e r ns . Inve s t i ga t i on 
on f l e xi bi l i t y got  mor e  i mpor t a nc e  i n t he  r e c e nt  pa s t , s t a r t i ng i n t he  l a t e  80’ s  ( Ga us a , 1998) , a nd 
a l s o r e l a t i ng t o r e f ur bi s hme nt , due  t o a  gr owi ng e nvi r onme nt a l  c onc e r n. In c ont r a s t  t o t r a di -
t i ona l  pol i c i e s  of  r e ha bi l i t a t i on or  de mol i t i on a nd r e pl a c e me nt  c a r r i e d out  unt i l  now, t he  a r c hi -
t e c t s  Fr é dé r i c  Dr uot , Anne  La c a t on a nd J e a n− Phi l i ppe  V a s s a l  f a c e  t he s e  i s s ue s  f r om a n i nge n-
i ous  a ngl e  by pr opos i ng a  r a di c a l  t r a ns f or ma t i on. Ba s e d on a n i nt e r pr e t a t i on of  t he  
pr e − e xi s t i ng, t he y pr opos e  a  s ur gi c a l  i nt e r ve nt i on wi t h t he  a i m of  gr a nt i ng dwe l l i ngs  mor e  
s pa c e , mor e  s unl i ght , a nd mor e  f r e e dom of  us e  a nd mor e  s e r vi c e s  a va i l a bl e . Suc h a  r e c yc l i ng 
ope r a t i on t ur ns  out  t o be  mor e  e c onomi c  t ha n t he  us ua l  pol i c i e s  of  de mol i t i on a nd r e pl a c e me nt  
( Dr uot  e t  a l , 2007) .
Gr owi ng ne c e s s i t y t o s a ve  ma t e r i a l  a nd e ne r ge t i c  r e s our c e s , a l l i e d t o a  gr owi ng c onc e r n ove r  
t he  e nvi r onme nt a l  i s s ue s  a nd i nc e r t i t ude  on t he  e vol ut i on of  t he  e c onomy, ha s  i mpe l l e d mi ni -
ma l i s t -a ppr oa c he s  t o Ar c hi t e c t ur e  a nd Engi ne e r i ng, r e duc i ng t o t he  mi ni mum ne c e s s a r y e xpr e s -
s i on t he  c ons t r uc t i ve  e l e me nt s . T he s e  a ppr oa c he s , by s ome  a ut hor s  c a l l e d " Li ght -t e c h"  ( Hor -
de n, 1995)  a nd Ec o-t e c h ( Sl e s s or , 1997) , be t s  on t he  i nt r oduc t i on of  mor e  ma t e r i a l l y a nd 
e ne r ge t i c a l l y e f f i c i e nt  s ol ut i ons . But  not  a l wa ys  a  ma t e r i a l  opt i mi za t i on c or r e s ponds  t o a  f unc -
t i ona l  opt i mi za t i on – r e duc t i on of  we i ght  ge ne r a l l y i mpl i e s  f unc t i ona l  pr obl e ms . A l i ght we i ght  
hous i ng bui l di ng c a n be  pr obl e ma t i c  f r om t he  poi nt  of  vi e w of  c omf or t , be c a us e  of  t he  i ns uf f i -
c i e nt  t he r ma l  i ne r t i a  a nd a c ous t i c  i ns ul a t i on, due  t o t he  r e duc e d ma s s , but  i f  t he s e  pr obl e ms  a r e  
s ol ve d, t he y c a n c ons t i t ut e  pot e nt i a l l y i nt e r e s t i ng s ol ut i ons  f r om t he  poi nt  of  vi e w of  s us t a i n-
a bi l i t y. An he a vywe i ght  e nve l ope  doe s  not  ne c e s s a r i l y me a ns  a n hi gh t he r ma l  i ne r t i a  bui l di ng. 
Br a nd ( 1994)  pr opos e s  a  s t r a t e gy f or  c ons t r uc t i ng a da pt i ve  bui l di ngs  us i ng t r a di t i ona l  ma t e -
r i a l s , a t t e nt i on t o l oc a l  ve r na c ul a r  s t yl e s  a nd budge t i ng i n or de r  t o a l l ow c ont i nuous  a dj us t me nt  
a nd ma i nt e na nc e . Bui l di ng i s  c ompos e d by di f f e r e nt  e l e me nt s  t ha t  s houl d be  e a s i l y di s ma nt l e d 
by dur a bi l i t y l a ye r s :  Si t e ;  St r uc t ur e ;  Ski n;  Se r vi c e s ;  Spa c e  pl a n a nd St uf f . It ’ s  t he  c ons t r uc t i ve  
a ut onomy be t we e n t he  di f f e r e nt  l a ye r s  t ha t  a l l ow t he  f unc t i ona l  l i f e  of  a  bui l di ng t o l a s t  mor e  
a nd t hus  i t s  f l e xi bi l i t y. Int e r i or  pa r t i t i on ( Spa c e  pl a n)  a nd a l s o s t uf f  a r e  t he  c ompone nt s  of  a  
bui l di ng t ha t  we  s houl d r e l y t o i nc r e a s e  a da pt a t i on, but  we  s houl d a l s o r e l y on t he  r e l a t i on be -
t we e n t he s e  e l e me nt s  a nd t he  out e r  s ki n, e s pe c i a l l y i n r e f ur bi s hme nt . 
Re duc t i on of  we i ght , by us i ng t he  mi ni mum ma t e r i a l  ne c e s s a r y, i s  a  wa y t o a c hi e ve  e c o-
e f f i c i e nc y, a l l owi ng e a s y r e c yc l i ng, r e us i ng a nd f l e xi bi l i t y. T hi s  c a n be  unde r s t ood a s  a n e c o-
l ogi c a l  a ppr oa c h t o a c c ompl i s h t he  f unc t i on, we i ght i ng onl y a  s ma l l  pa r t  of  wha t  c oul d we i ght  a  
c onve nt i ona l  c ons t r uc t i ve  s ys t e m.  
Si nc e  t he  f i r s t  doc ume nt e d bui l di ngs  i n t he  na t i ona l  t e r r i t or y, t he  c ons t r uc t i on t e c hni que s  
us e d i n Por t uga l  hous i ng we r e  mos t l y mi xe d, i n t e r ms  of  we i ght . T he y ha d a n e xt e r i or  e nve l ope  
e xt r e me l y he a vy wi t h a n a ve r a ge  t hi c kne s s  of  0.40 m i n s t one , br i c k or  a dobe . In t he  l a s t  50 
ye a r s  t he  br i c k wa s  i nt r oduc e d i ni t i a l l y wi t hout  i ns ul a t i on. Onl y i n t he  e i ght i e s , doubl e  pa ne  
wa l l s -s  wi t h t he r ma l  i ns ul a t i ng ma t e r i a l  i n t he  a i r  ga p we r e  i nt r oduc e d. La t e r , i n t he  ni ne t i e s , 
wi t h t he  i nt r oduc t i on of  a  t he r ma l  r e gul a t i on ( 1990)  be ga n t o be  c ompul s or y t o t he r ma l l y i ns u-
l a t e  t he  bui l di ng e nve l ope  i n or de r  t o mi ni mi ze  t he  he a t  e xc ha nge s  wi t h t he  out s i de  wor l d;  a nd 
t he  ET ICS ( Ext e r na l  T he r ma l  Ins ul a t i on Compos i t e  Sys t e m)  a ppe a r e d t o be t t e r  r e s pond t o t hos e  
r e qui r e me nt s . T he  ET ICS s ys t e m ha d t he  a dva nt a ge  of  be i ng a ppl i e d t o a  ne w out s i de  wa l l  or  t o 
a n e xi s t i ng;  i t  wa s  a dva nt a ge ous  i n t he  c a s e  of  bui l di ngs  wi t h poor  i ns ul a t i on, l e a ki ng or  da m-
a ge d a s pe c t . M or e ove r , i t  c oul d de c r e a s e  t he  r i s k of  c onde ns a t i on, t r e a t i ng s ome wha t  t he  t he r -
ma l  br i dge s . In t he  c ons t r uc t i on of  ne w e xt e r i or  wa l l , t he  be s t  s ol ut i on i s  a  c ombi na t i on of  t he  
ET ICS a nd a n i nt e r i or  s i ngl e -wa l l  wi t h gr e a t  t hi c kne s s  ( M e ndonç a , 2005) . But  t he r e  a r e  ot he r  
c omf or t  r e l a t e d a s pe c t s  mor e  di f f i c ul t  t o c ha r a c t e r i ze . In c ount r i e s  s uc h a s  Por t uga l , wi t h a  da i l y 
t he r ma l  a mpl i t ude  os c i l l a t i ng mos t  of  t he  ye a r  be l ow a nd a bove  t he  t e mpe r a t ur e  of  i de a l  i nt e r i or  
c omf or t , i ns ul a t i on a nd s ha di ng of  e xt e r na l  f a c a de s  a r e  not , by i t s e l f , e f f e c t i ve  a nd c a n e ve n be  
pr obl e ma t i c .  
T he r ma l  i ne r t i a  i s  ve r y i mpor t a nt  i n a  s ol a r  pa s s i ve  hous i ng on a  t e mpe r a t e  c l i ma t e , a s  i t s  a b-
s e nc e  c a n r e s ul t  i n a  ni ght  r a pi d de s c e nt  of  t e mpe r a t ur e  a nd a  r e s ul t i ng e xc e s s i ve  da i l y t he r ma l  
os c i l l a t i on i n t he  i nt e r i or . Si nc e  t he  pa ve me nt  or  ot he r  e l e me nt s  s uc h a s  e xt e r na l  wa l l s  or  i nt e -
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r i or  f ur ni t ur e  c a n t a ke  t he  r ol e  of  t he r ma l  s t or a ge , t he  be t  c a n be  t o opt i mi ze  t he i r  pe r f or ma nc e  
by a  t he r ma l  zoni ng of  t he  oc c upa nc y. T he  ma gni t ude  a nd c onf i gur a t i on of  t he  t he r ma l  ma s s  
s houl d be  de t e r mi ne d i n or de r  t o s t or e  s un he a t  i n a gr e e me nt  wi t h t he  da i l y t he r ma l  wi dt hs  a nd 
wi t h t he  oc c upa t i on t ype , f or  e xa mpl e  t o ma i nt a i n a n i nt e r e s t i ng i nt e r i or  t e mpe r a t ur e , dur i ng t he  
ni ght , i n c ol d da ys  ( Br a ds ha w 1993) .  
3.1 Proposed and Conventional walls 
T he  c ons t r uc t i on pe r i od e nvi r onme nt a l  i mpa c t  he r e  pr e s e nt e d i s  ba s e d on t he  s um of  Embod-
i e d Ene r gy ( PEC)  wi t h t he  t r a ns por t  a nd t he  c ons t r uc t i on e ne r gy, c onve r t e d i n e c onomi c a l  
c os t s , t ha t  e xa mi ne s  wha t  goe s  f r om t he  e xt r a c t i on of  r a w ma t e r i a l s  unt i l  t he  c ompl e t i on of  c on-
s t r uc t i on wor k. T he  a s s e s s me nt s  of  s us t a i na bi l i t y i nc l ude  t he  s t udy of  t he  e c onomi c  vi a bi l i t y of  
t he  di f f e r e nt  f a ç a de s  de ve l ope d t hr ough t he  qua nt i f i c a t i on a nd c ompa r i s on of  PEC wi t h t he  
ot he r  c ons t r uc t i ve  s ol ut i ons  e xi s t i ng i n t he  ma r ke t . Us i ng t hi s  me t hodol ogy, t he  s us t a i na bi l i t y 
of  t wo pr opos e d s ol ut i ons , Na t ur a l  f i br e  l i ght we i ght  a nd he a vywe i ght  wa l l  ( Fi g. 6a , 6b)  we r e  
e va l ua t e d i n c ompa r i s on t o c onve nt i ona l  s ol ut i ons  ( Fi g. 6c , 6d) . Li ght we i ght  wa l l  ( Fi g. 6a )  i s  
c ompos e d of  t he  ma t e r i a l s :  c e me nt / wood s ha vi ngs  ( 12 mm) , a i r  ga p, e xpa nde d e xt r ude d pol y-
s t yr e ne , c e me nt / wood f i br e  boa r d ( 19 mm) , bl a c k c or k a ggl ome r a t e , c oc onut  f i br e , a i r  ga p, 2 
Gyps um boa r ds  c a r t on ( 13 mm) ;  a nd a  he a vywe i ght  wa l l  ( Fi g. 6b)  i s  c ompos e d of :  c e -
me nt / wood f i br e  boa r d ( 12 mm) , a i r  ga p, bl a c k c or k a ggl ome r a t e , a dobe , l i me . 
 
 
 
F i gu r e 6 .  P r o p o sed  wal l s:  a)  Nat u r al  fi b r es l i gh t wei gh t  wal l ,  b )  Nat u r al  fi b r es h eavywei gh t  wal l .  Co n ven t i o n al  
wal l :  c)  S i mp l e Wal l  o  t h e 9 0 ’ s d ecad e;  d )  Do u b l e Wal l  o f t h e 8 0 ’ s d ecad e.  
 
 
T he  t e c hni c a l  c ha r a c t e r i s t i c s  of  a  Conve nt i ona l  a nd Na t ur a l  Fi br e s  wa l l s , obt a i ne d f r om a  
pr e vi ous  Soc i a l  Hous i ng s t udy ma de  by t he  a ut hor s  ( pr e s e nt e d on t he  Conf e r e nc e  
“ L’ Ar c hi t e t t ur a  Sos t e ni bi l e  e  l e  Pol i t i c he  de l l ’ a l l oggi o s oc i a l e  i n Eur opa ” , he l d i n J une  2009 on 
Na pl e s , It a l y) , a r e  pr e s e nt e d i n T a bl e  1.  
T he  c ha r a c t e r i s t i c s  of  t he  wa l l s , a bove  me nt i one d, we r e  c ompa r e d;  T hi c kne s s , Ac ous t i c  i ns u-
l a t i on, U va l ue , Embodi e d Ene r gy, Spe c i f i c  we i ght , Spe c i f i c  us e f ul  t he r ma l  ma s s  a nd Spe c i f i c  
c os t  we r e  c a l c ul a t e d f or  bot h;  a ddi t i ona l l y t he  a ve r a ge  of  a l l  t hos e  va l ue s  wa s  e s t i ma t e d. T he  
Be s t  a nd W or s t  V a l ue s  a r e  ma r ke d i n t he  t a bl e . In t he  c a s e  of  Conve nt i ona l  W a l l s , t he  s i mpl e  
one  a ppe a r s  a s  be t t e r  t ha n t he  doubl e  i n a l l  t he  c ha r a c t e r i s t i c s  a na l ys e d.  
T he  pr opos e d wa l l  us i ng na t ur a l  f i br e s  a r e  good a l t e r na t i ve s  t o t he  Conve nt i ona l  a s  be t t e r  r e -
s ul t s  we r e  obt a i ne d i n a l l  t he  c ompa r e d c ha r a c t e r i s t i c s , e xc e pt  i n t he  a c ous t i c  i ns ul a t i on i n t he  
c onve nt i ona l  s i mpl e  wa l l ;  a l t hough t hi s  pa r a me t e r  i s  not  t he  one  t ha t  mos t  a f f e c t  t he  r e s i de nt s . 
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Li ght we i ght  Na t ur a l  Fi br e  wa l l  pr e s e nt s  be s t  va l ue s  i n t e r m of  t hi c kne s s , U va l ue  a nd Spe c i f i c  
we i ght  a nd He a vywe i ght  wa l l , i n t he  Embodi e d Ene r gy, due  t o t he  hi ghe r  ma s s , a nd t he  s pe c i f i c  
c os t s . 
 
T a b le  1 .  T e c hnic a l Cha r a c te r istic s o f Co nve ntio na l a nd  N a tur a l Fib r e  W a lls.  
Co nve ntio na l W a lls  Simp le  wa ll  D o ub le  wa ll 1 5 + 1 1  Ave r a ge  
Co mp o sitio n E T I CS +  H o llo w b r ic k 2 2  +  P la ste r  
P la ste r  +  H o llo w b r ic k 
1 5  +  Air  ga p  +  X P S +  
H o llo w b r ic k 1 1  +  P la s-
te r  +  Cla y T ile  
 
T hic kne ss ( c m)  2 7 5  3 5 0 ii  3 1 2 . 5  
Ac o ustic  insula tio n D n, w 
( d B ( A) )  5 3
i  5 1 ii  5 2  
U  va lue  ( w/m2 . °C)  0 . 4 2  0 . 4 9  ii  0 . 4 6  
E mb o d ie d  E ne r gy 
( kW h/m2 )  8 5 8  1 0 1 8
 ii  9 3 8  
Sp e c ific  we ight  ( kg/m2 )  2 6 8  3 3 2  ii  3 0 0  
Sp e c ific  use ful the r ma l 
ma ss -  M si ( kg/m2 )  1 5 0
 i  8 9  1 1 9 . 5  
Sp e c ific  c o st ( € /m2 )  
 
6 3 . 1 5  
 
7 3 . 3 5  
 
6 8 . 2 5  
 
    
N a tur a l Fib r e  W a lls  Lightwe ight wa ll  H e a vywe ight wa ll  Ave r a ge  
Co mp o sitio n 
Ce me nt/wo o d  fib r e b o a r d  1 2 mm +  
Air  ga p  +  E xp a nd e d  e xtr ud e d  p o ly-
styr e ne  +  Ce me nt / wo o d  fib r e  
b o a r d  1 9 mm +  B la c k c o r k a gglo m-
e r a te  +  Co c o nut fib r e  +  Air  ga p  +  2  
Ca r to n P la ste r  B o a r d  1 3 mm  
Ce me nt/wo o d  fib r e -
b o a r d  1 2 mm +  Air  ga p  
+  B la c k c o r k a gglo me r -
a te  +  Ad o b e  +  Lime  
 
T hic kne ss ( c m)  2 5 2  i  2 6 7  2 5 9 . 5  
Ac o ustic  insula tio n D n, w 
( d B ( A) )  5 0
 ii  5 3  i  5 1 . 5  
U  va lue  ( w/m2 . °C)  0 . 4 0  i  0 . 4 4  0 . 4 2  
E mb o d ie d  E ne r gy 
( kW h/m2 )  4 4 2  1 7 1
 i  3 0 6 . 5  
Sp e c ific  we ight  ( kg/m2 )  7 9  i  2 5 7  1 6 8  
Sp e c ific  use ful the r ma l 
ma ss -  M si  ( kg/m2 )  2 2
 ii  8 9  5 5 . 5  
Sp e c ific  c o st  ( € /m2 )  
 
8 5 . 9  ii  
 
4 6 . 5 5  i  
 
6 6 . 2 3  
 
i Best  val u es;  ii  Wo r st  val u es.  
 
 
T he  us e  of  l i ght we i ght  c ons t r uc t i on ma t e r i a l s  a nd s ys t e ms  c a n e a s i l y a l l ow r e a c h a  good 
e nvi r onme nt a l  pr of i l e . But  a  l i ght we i ght  hous i ng bui l di ng i n a  t e mpe r a t e  c l i ma t e  c a n be  
pr obl e ma t i c , f r om t he  poi nt  of  vi e w of  t he  t he r ma l  c omf or t  be c a us e  of  t he  i ns uf f i c i e nt  t he r ma l  
i ne r t i a . T he  i nt r oduc t i on of  s ome  t he r ma l  ma s s  i s  t hus  e s s e nt i a l  t o a c hi e ve  c omf or t  wi t h t he  
mi ni mum us e  of  me c ha ni c a l  he a t i ng a nd/ or  c ool i ng s ys t e ms  a nd a l s o f r om t he  a c ous t i c a l  
pe r f or ma nc e  poi nt  of  vi e w, a s  a c ous t i c  i ns ul a t i on r e l i e s  e s s e nt i a l l y on ma s s , e s pe c i a l l y f or  t he  
me di um a nd l ow f r e que nc i e s . T ha t ’ s  why a  mi xe d we i ght  s ys t e m wa s  pr opos e d by M e ndonç a  
( 2005) , wi t h a n opt i mi ze d ma s s  us e , i n or de r  t o a l l ow a n i nt e r me di a t e  we i ght  be t we e n a  
l i ght we i ght  s ol ut i on a nd a  c onve nt i ona l  he a vywe i ght  s ol ut i on. T he  pr opos e d s ys t e m a l s o 
pr e t e nds  t o c onc i l i a t e  t he  t he r ma l , a c ous t i c  a nd na t ur a l  i l l umi na t i on pe r f or ma nc e . Apa r t  f r om 
i t s  f unc t i ona l  e f f i c i e nc y, t hi s  s t r a t e gy c a n be  mor e  c ons e ns ua l  t he n t he  c ommon pr e f a br i c a t e d 
l i ght we i ght  c ons t r uc t i ve  s ys t e ms  ( s o-c a l l e d pr e f a br i c a t e d pa ne l s ) . It  i s  i mpor t a nt  t o r e f e r  t he  
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f a c t  t ha t  t hi s  pr opos a l  i s  a  s ys t e m a nd s o t he  pr opos e d s ol ut i on he r e  pr e s e nt e d a nd e va l ua t e d i s  
j us t  one  pos s i bl e  s ol ut i on f or  t hi s  s ys t e m. 
4 CONCLUSION 
In t hi s  pa pe r  t he  pos s i bi l i t y t o a c hi e ve  mor e  s us t a i na bl e  hous i ng uni t s  r e pl a c i ng s ynt he t i c  
ma t e r i a l s  by na t ur a l  f i br e s  on e xt e r i or  wa l l s  wa s  de mons t r a t e d, ha vi ng i n mi nd t ha t  f unc t i ona l  
a s pe c t s  c a n be  s a f e gua r de d. T wo a l t e r na t i ve s  f or  e xt e r na l  wa l l s  us i ng Na t ur a l  Fi br e  ma t e r i a l s  
we r e  gi ve n a nd a  c ompa r i s on s t udy wi t h t he  Conve nt i ona l  wa l l  s ol ut i ons  r e ve a l e d t ha t  t he y 
pr e s e nt  be t t e r  va l ue s  i n a l mos t  a l l  t he  c ha r a c t e r i s t i c s  a na l ys e d. T he  Na t ur a l  f i br e  e l e me nt s  of  
t he  pr opos e d W a l l s  c a n a l s o be  ma de  by us i ng a r t i s a na l  me t hods  a nd t e c hni que s , i n or de r  t o 
a c hi e ve  a  mor e  s us t a i na bl e  pr oduc t i on c yc l e . As  na t ur a l  ma t e r i a l , Cor k a nd Coc onut  a r e  good 
a ppl i c a bl e  s ol ut i ons  a l r e a dy be i ng a ppl i e d. 
In t he  pa s t , Por t uga l  c ons t r uc t i on wa s  s t r ongl y c ha r a c t e r i ze d by pr i mi t i ve  t e c hni que s  us i ng 
t he  r a w ma t e r i a l s  e xi s t e nt  i n t he  di f f e r e nt  r e gi ons  over t he t erri t ory.  Nowa da ys , ve r y l i t t l e  
r e c ons t r uc t i ons  c a n be  f ound a nd t he  e xi s t e nt  a r e  i n t our i s t i c  a r e a s  s uc h a s  i n t he  Na t ur a l  Pa r k 
of  Ge r ê s  a nd i n M a de i r a  Is l a nd.  Cor k, a  100%  r e c yc l a bl e  ma t e r i a l , i s  a  Por t ugue s e  pr oduc t , s o 
i t s  us e  a l s o pr omot e s  t he  Por t ugue s e  e c onomy a nd l oc a l  e c ol ogy. Inde e d, Por t uga l  pr oduc e s  
mor e  c or k t ha n t he  r e s t  of  t he  wor l d, oc c upyi ng t he  c or k a  l a r ge  a r e a  of  Por t ugue s e  t e r r i t or y. 
T he r e  a r e  ma ny c or k a ppl i c a t i ons , s uc h a s  i n Bot t l e  T ops , Int e r i or  De s i gn, Fa s hi on Ac c e s s or i e s  
( ba gs  a nd j e we l l e r y, e t c )  a nd St a mp. In c ons t r uc t i on, i t  i s  us e d a s  t he r ma l  a nd a c ous t i c  
i ns ul a t i on of  i nt e r i or  a nd e xt e r i or  wa l l s . 
Ot he r  s us t a i na bl e  s t r a t e gy i n Por t uga l  i s  t he  Ar t  Cr a f t , one  of  s e ve r a l  popul a r  s t r a t e gi e s , 
whi c h e na bl e s  i nt e l l i ge nt  me n a nd wome n r e t ur n ba c k t o s c e pt i c i s m a nd di r e c t  t he  wor k pr oc e s s  
a s  t he  de s i gn of  t he i r  a r t e f a c t s  us i ng na t ur a l  r a w ma t e r i a l s  a nd r e c ove r i ng pa s t  t e c hni que s  or  
a da pt i ng ne w t a ki ng t he  knowl e dge  f r om t he  ol d one s .   
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1 REAB IL IT AÇÃO SUST ENT
ILUM INAÇ ÃO NAT URA L E
1.1 Introdução 
De  a c or do com u m e s t udo da  Agê nc i a  de  Ener gi a  “ O
c a do c omo a que le  e m que  a  pr oc ur a  de  e ner gi a  e lé c tri c a  ma i s  te m a u me nt a do, apr e se nta ndo a 
me s ma  pr oc ur a  r el at i va  em 1994 que  o s e c t or  d
a c r és ci mo de  pe so re la ti vo pa r a 52%  
f í ci os s ão re s pons á ve i s pelo c ons umo a pr oxi ma do de 62% de e ner gi a  e l éc tr ic
pode  obs e r va r  na  fi gur a  1. 
Fig ur a  1 .  –  Co nsu mo  d e  e ne r g ia  e lé c tr ic a  e m e d ifíc io s
R eab ilitação  S u s te n táv el d e Ed if ício s  In d u s triais : Melh o ria d e 
Ilu min ação  N atu ra l e C o n f o rto  Tér mi co  e m Mir af lo res
M ari a de Lu rdes  G as par Duart e
Companhia Carris de Ferro de Lisboa, S.A., Lisboa, Portugal
 
ABST RACT:  O uso ef i ci ent e  de  e ne r gi a  e lé c tr ic a  t em vi ndo a  a dquir ir  uma  impor t â nc ia  cr e
c e nte , tor nando- s e  c a da  vez ma i s  vi s í ve l  at ra vé s  da s c a mpa nha s  de  c onse r va ç ã o e  poupa nç a  de
e ne r gi a . A i l umi na çã o é  um dos  s i s te ma s  onde  s e  pode  c ons e guir  gr a nde s  r e duç ões de  c ons umos  
s e m pr oc e de r  a  gr a nde s  i nve s t i me nt os , s e ndo i mpr e sc i ndí ve l  adi ci ona r  à  poupanç a  ene r gé ti ca , 
os  ga nhos  ps ic o- f i s i ol ógi c os  e  de  produti vi da de , re s ul ta nt es  do be m
l a das  s ol uç õe s  de  me l hori a de  il umi na ç ã o na tur al , com r e c ur s o a um l uxí me t r o, a o pr ogr a ma  
ECOT ECT  e  ao Mé t odo LT . El a bor ou
r i ai s  pre c oni za dos . Foi  me di do o FLD ( Fa c t or  de  Luz
i l umi na çã o/ m 2 . a no. Os  va lor e s  obti dos  pa ra  a  sol uç ão pr opos ta , per mi t i ra m r e duzi r  a s  ne c es s
da de s  ene r gé ti c as  e m 45% , pa s s a ndo de  124,81 kW h/m
CO2 pa s s a ra m de  27,46 kg/ m
a nos . 
 
REAB IL IT AÇÃO SUST ENT ÁV EL DE EDIF ÍC IOS INDUST R IA IS:  M ELHORI
ILUM INAÇ ÃO NAT URA L E  CONFORT O T ÉRM IC O EM  M IRAFLORES  
De  a c or do com u m e s t udo da  Agê nc i a  de  Ener gi a  “ O ei ne r ge ” , o se c tor  dos  Ser vi ços  f oi  i de nt if
c a do c omo a que le  e m que  a  pr oc ur a  de  e ner gi a  e lé c tri c a  ma i s  te m a u me nt a do, apr e se nta ndo a 
r el at i va  em 1994 que  o s e c t or  d omé s ti c o (c e rc a  de  37% )  e  tendo s ofr i do um 
a c r és ci mo de  pe so re la ti vo pa r a 52%  e m 2003. Em t ermos  ge né r i c os pode - s e  af irma r  que  os e d
f í ci os s ão re s pons á ve i s pelo c ons umo a pr oxi ma do de 62% de e ner gi a  e l éc tr ic
 
 
 
 
 
 
 
 
 
 
 
 
Co nsu mo  d e  e ne r g ia  e lé c tr ic a  e m e d ifíc io s  
R eab ilitação  S u s te n táv el d e Ed if ício s  In d u s triais : Melh o ria d e 
Ilu min ação  N atu ra l e C o n f o rto  Tér mi co  e m Mir af lo res
M ari a de Lu rdes  G as par Duart e  
 
O uso ef i ci ent e  de  e ne r gi a  e lé c tr ic a  t em vi ndo a  a dquir ir  uma  impor t â nc ia  cr e
s e  c a da  vez ma i s  vi s í ve l  at ra vé s  da s c a mpa nha s  de  c onse r va ç ã o e  poupa nç a  de
e ne r gi a . A i l umi na çã o é  um dos  s i s te ma s  onde  s e  pode  c ons e guir  gr a nde s  r e duç ões de  c ons umos  
s e m pr oc e de r  a  gr a nde s  i nve s t i me nt os , s e ndo i mpr e sc i ndí ve l  adi ci ona r  à  poupanç a  ene r gé ti ca , 
f i s i ol ógi c os  e  de  produti vi da de , re s ul ta nt es  do be m -e s t a r  pe s s oa l . For a m s i m
l a das  s ol uç õe s  de  me l hori a de  il umi na ç ã o na tur al , com r e c ur s o a um l uxí me t r o, a o pr ogr a ma  
ECOT ECT  e  ao Mé t odo LT . El a bor ou - s e  uma  ma que t a , à e s c. 1/50, c om a  a pl ica ç ã o dos  ma t
r i ai s  pre c oni za dos . Foi  me di do o FLD ( Fa c t or  de  Luz -Di a )  p a r a  uma  a ná l i s e  qua nti ta ti va  da  
a no. Os  va lor e s  obti dos  pa ra  a  sol uç ão pr opos ta , per mi t i ra m r e duzi r  a s  ne c es s
da de s  ene r gé ti c as  e m 45% , pa s s a ndo de  124,81 kW h/m 2 .a no pa r a  69,95 kW h e  a s  e mi s s õe s  de 
CO2 pa s s a ra m de  27,46 kg/ m 2 .a no pa r a  15,39 kg/ m 2 .a no. A s ol uçã o t e m um pa y
INDUST R IA IS:  M ELHORI A DE 
 
” , o se c tor  dos  Ser vi ços  f oi  i de nt if i -
c a do c omo a que le  e m que  a  pr oc ur a  de  e ner gi a  e lé c tri c a  ma i s  te m a u me nt a do, apr e se nta ndo a 
omé s ti c o (c e rc a  de  37% )  e  tendo s ofr i do um 
s e  af irma r  que  os e d i -
f í ci os s ão re s pons á ve i s pelo c ons umo a pr oxi ma do de 62% de e ner gi a  e l éc tr ic a , c onf or me  s e 
R eab ilitação  S u s te n táv el d e Ed if ício s  In d u s triais : Melh o ria d e 
Ilu min ação  N atu ra l e C o n f o rto  Tér mi co  e m Mir af lo res  
O uso ef i ci ent e  de  e ne r gi a  e lé c tr ic a  t em vi ndo a  a dquir ir  uma  impor t â nc ia  cr e s -
s e  c a da  vez ma i s  vi s í ve l  at ra vé s  da s c a mpa nha s  de  c onse r va ç ã o e  poupa nç a  de  
e ne r gi a . A i l umi na çã o é  um dos  s i s te ma s  onde  s e  pode  c ons e guir  gr a nde s  r e duç ões de  c ons umos  
s e m pr oc e de r  a  gr a nde s  i nve s t i me nt os , s e ndo i mpr e sc i ndí ve l  adi ci ona r  à  poupanç a  ene r gé ti ca , 
a r  pe s s oa l . For a m s i m u -
l a das  s ol uç õe s  de  me l hori a de  il umi na ç ã o na tur al , com r e c ur s o a um l uxí me t r o, a o pr ogr a ma  
s e  uma  ma que t a , à e s c. 1/50, c om a  a pl ica ç ã o dos  ma t e -
a r a  uma  a ná l i s e  qua nti ta ti va  da  
a no. Os  va lor e s  obti dos  pa ra  a  sol uç ão pr opos ta , per mi t i ra m r e duzi r  a s  ne c es s i -
.a no pa r a  69,95 kW h e  a s  e mi s s õe s  de 
.a no. A s ol uçã o t e m um pa y -ba c k de  3,5  
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1.2 Sustentabilidade e Reabilitação
O us o e f i ci e nt e  de  e ner gi a e l é ct ri c a  te m vi ndo a  a dqui ri r  uma  i mpor t â nc ia  c r esc e nte  no nos s o 
pa í s , t or na ndo- s e  c a da  ve z ma i s  vi s í ve l
i nf or ma ç ã o e e st í mul o à  c ons e r va ç ão e poupa nç a de ene r gi a , nome a da me nt e  as  ve i c ul a da s  a tr
vé s  da  Agê nc i a  pa r a  a  Energi a  
Re f e re - s e  a i nda  a  r e ce nte  le gi s l a çã o ( 2006)  que  a br a nge  que r  os  e di fí ci os , 
r e duzi re m c ons umos  e ne r gé t ic os  que r  os  e qui pa me nt os  obs ol et os  s ubst it ui ndo
gi a s  ma i s  ef ic ie nte s  e  opti mi za ndo
e s s e nc ia i s pa ra  o de s e nvol vi me nt o e c onómi c o e  e mpr es a ri a l.
Cons i de r a - s e  pr e me nt e a fi rma r  que  é  c ada  ve z ma i s  dif í ci l  pr oj e ct ar  ou r e abil it a r e di fí ci os  de 
uma  f or ma  e f i c ie nte  e  s us te nt á ve l , qua ndo nã o se  t em u ma  i de i a  qual it at i va  e  qua nti ta ti va  do 
pe s o de  det er mi na da s  me di da s  c ombi na das  e ntr e  si , em f a s e s  pre li mi na r e
c onhe ci me nt o pode  da r  or ige m a  de c is õe s t éc nic a s ma l  f unda me nt a da s , com i mpa c t e s e conóm
c os  e  a mbi e nta i s  ne ga t i vos. A i l umi na ç ã o é  um dos  s i s te ma s  onde  s e  pode  conse gui r  gr a nde s 
r e duçõe s de  c onsumos  s e m pr oc ede r a  gr ande s i nve st ime nt
o a ume nt o da  quali da de  do a mbi e nt e  int er ior  ge r a do por  um a c r é s ci mo de  i l umi na ç ã o na t ur al  é  
f unda me nt al , t or na - s e  ne c es s á ri o a di ci onar  à  poupa nç a e ne r gé ti c a  os  ga nhos  ps i co
de  pr oduti vi da de , r es ult a nt es  do
É obj ec ti vo de st e  e st udo dar  uma  r e spost a  qua nt it a ti va  e  qua li t ati va  à s  ne c es si da de s  de a cr é
c i mo de  i l umi na ç ã o nat ura l e  me l hori a  do c onf or t o t érmi c o pa r a  o int er ior  da  Nave  1
r e c or ri do a  di ve r s a s  s i mul aç õe s  
Es t e  e s tudo apr of unda uma  da s  t e má t ic a s  a borda das na  Di ss er t aç ã o de  Me st r ado 
Reabilitação Sustentável de Edifícios Industriais 
Complexo de Miraflores , de f e ndi da na  FA.U.T .L. e m 2007.
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Fig ur a  2 .  –  P la nta  d e  lo c a liz a çã o  N a ve  1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  4 .  –  N íve is d e  a ná li se  d e  ilu mina ç ã o  na tur a l e m 
 
O us o e f i ci e nt e  de  e ner gi a e l é ct ri c a  te m vi ndo a  a dqui ri r  uma  i mpor t â nc ia  c r esc e nte  no nos s o 
s e  c a da  ve z ma i s  vi s í ve l  a tr a vé s  das  f re que nt es  c a mpa nha s  publ ic it ár i as  de 
i nf or ma ç ã o e e st í mul o à  c ons e r va ç ão e poupa nç a de ene r gi a , nome a da me nt e  as  ve i c ul a da s  a tr
vé s  da  Agê nc i a  pa r a  a  Energi a  – Ade ne .  
s e  a i nda  a  r e ce nte  le gi s l a çã o ( 2006)  que  a br a nge  que r  os  e di fí ci os , 
r e duzi re m c ons umos  e ne r gé t ic os  que r  os  e qui pa me nt os  obs ol et os  s ubst it ui ndo
gi a s  ma i s  ef ic ie nte s  e  opti mi za ndo - s e , de st e modo, mé t odos  e t e mpos  de  f a br i c o, que st ões 
e s s e nc ia i s pa ra  o de s e nvol vi me nt o e c onómi c o e  e mpr es a ri a l.  
s e  pr e me nt e a fi rma r  que  é  c ada  ve z ma i s  dif í ci l  pr oj e ct ar  ou r e abil it a r e di fí ci os  de 
uma  f or ma  e f i c ie nte  e  s us te nt á ve l , qua ndo nã o se  t em u ma  i de i a  qual it at i va  e  qua nti ta ti va  do 
pe s o de  det er mi na da s  me di da s  c ombi na das  e ntr e  si , em f a s e s  pre li mi na r e s  de  pr oj e ct o. Es te  de
c onhe ci me nt o pode  da r  or ige m a  de c is õe s t éc nic a s ma l  f unda me nt a da s , com i mpa c t e s e conóm
c os  e  a mbi e nta i s  ne ga t i vos. A i l umi na ç ã o é  um dos  s i s te ma s  onde  s e  pode  conse gui r  gr a nde s 
r e duçõe s de  c onsumos  s e m pr oc ede r a  gr ande s i nve st ime nt os . T e ndo ai nda e m c ons i der aç ã o que 
o a ume nt o da  quali da de  do a mbi e nt e  int er ior  ge r a do por  um a c r é s ci mo de  i l umi na ç ã o na t ur al  é  
s e  ne c es s á ri o a di ci onar  à  poupa nç a e ne r gé ti c a  os  ga nhos  ps i co
de  pr oduti vi da de , r es ult a nt es  do  be m-e s t a r  pe ss oal  ( Carva l ho, 1999) . 
É obj ec ti vo de st e  e st udo dar  uma  r e spost a  qua nt it a ti va  e  qua li t ati va  à s  ne c es si da de s  de a cr é
l umi na ç ã o nat ura l e  me l hori a  do c onf or t o t érmi c o pa r a  o int er ior  da  Nave  1
r e c or ri do a  di ve r s a s  s i mul aç õe s  par a  uma  a ná li s e  obj ec t i va  da s  di ve r s as  s ol uç õe s (
Es t e  e s tudo apr of unda uma  da s  t e má t ic a s  a borda das na  Di ss er t aç ã o de  Me st r ado 
– Estratégias de Design Bioclimático
de f e ndi da na  FA.U.T .L. e m 2007.  
P la nta  d e  lo c a liz a çã o  N a ve  1   
  
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  3 .  –  I ma ge m e xte r io r  d a  fa c ha d a  S ul
 
 
N íve is d e  a ná li se  d e  ilu mina ç ã o  na tur a l e m Lu x  - N a ve  1  
O us o e f i ci e nt e  de  e ner gi a e l é ct ri c a  te m vi ndo a  a dqui ri r  uma  i mpor t â nc ia  c r esc e nte  no nos s o 
a tr a vé s  das  f re que nt es  c a mpa nha s  publ ic it ár i as  de 
i nf or ma ç ã o e e st í mul o à  c ons e r va ç ão e poupa nç a de ene r gi a , nome a da me nt e  as  ve i c ul a da s  a tr a -
s e  a i nda  a  r e ce nte  le gi s l a çã o ( 2006)  que  a br a nge  que r  os  e di fí ci os , no sent i do de  se 
r e duzi re m c ons umos  e ne r gé t ic os  que r  os  e qui pa me nt os  obs ol et os  s ubst it ui ndo -os  por  t e cnol o-
s e , de st e modo, mé t odos  e t e mpos  de  f a br i c o, que st ões 
s e  pr e me nt e a fi rma r  que  é  c ada  ve z ma i s  dif í ci l  pr oj e ct ar  ou r e abil it a r e di fí ci os  de 
uma  f or ma  e f i c ie nte  e  s us te nt á ve l , qua ndo nã o se  t em u ma  i de i a  qual it at i va  e  qua nti ta ti va  do 
s  de  pr oj e ct o. Es te  de s -
c onhe ci me nt o pode  da r  or ige m a  de c is õe s t éc nic a s ma l  f unda me nt a da s , com i mpa c t e s e conóm i -
c os  e  a mbi e nta i s  ne ga t i vos. A i l umi na ç ã o é  um dos  s i s te ma s  onde  s e  pode  conse gui r  gr a nde s 
os . T e ndo ai nda e m c ons i der aç ã o que 
o a ume nt o da  quali da de  do a mbi e nt e  int er ior  ge r a do por  um a c r é s ci mo de  i l umi na ç ã o na t ur al  é  
s e  ne c es s á ri o a di ci onar  à  poupa nç a e ne r gé ti c a  os  ga nhos  ps i co -f i s i ol ógi c os  e 
É obj ec ti vo de st e  e st udo dar  uma  r e spost a  qua nt it a ti va  e  qua li t ati va  à s  ne c es si da de s  de a cr é s -
l umi na ç ã o nat ura l e  me l hori a  do c onf or t o t érmi c o pa r a  o int er ior  da  Nave  1 , t e ndo-s e  
par a  uma  a ná li s e  obj ec t i va  da s  di ve r s as  s ol uç õe s ( vd f i gura  4) . 
Es t e  e s tudo apr of unda uma  da s  t e má t ic a s  a borda das na  Di ss er t aç ã o de  Me st r ado s ob o t e ma 
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As  t éc nic a s s ol ar e s pa ss i va s  e bioc li má t i ca s  pa ss a ram a  i nt e gr ar  a c ons tr uçã o dos  edif í ci os 
c om o obj e ct i vo de  re duzi r  c ons umos , e nt re  os  quai s , a  e ne r gi a  el é ct ri c a. Segundo o Pr of . 
M a nuel  C. Gue des , do I.S .T . “ o obj ec ti vo pr i or it á ri o da  a r qu
t a mbé m de s i gna da  por  «a r qui te c tur a  s ol a r », é  a  mi ni mi za ç ã o do cons umo e ne r gé tic o r ec orr e ndo 
a o us o de  e st r at é gi as  de  de s i gn pa ss i vo, i .e ., r e duzi ndo a  ne ce s si da de  de  ut il i za ç ã o de  me i os  
me c â ni c os  de  c li ma t i za ç ã o ou i l umi na ç
na t ur a l, a tr a vé s  de  uma  s á bia  a da pt a çã o do e dif íc i o a o cont e xt o cl i má ti c o l oc al ”  ( Gue de s , 2004) . 
Di ve r s a s e xpe ri ê nci a s e e studos  t ê m mos t r a do que , par a  uma  il umi na ç ã o de boa qua li da de , a 
a pa rê nci a  de  cor  das  f ont es de  l uz de ve  e s t ar  de  ac ordo c om o ní ve l  de  i l umi na çã o a de qua da  à 
f unç ão do es pa ço a  que  s e de s ti na . 
2 ILUM INAÇ ÃO EM  ED IF ÍC
A f il os of ia  de  pr oj e ct o na  dé c a da de 70, par a  e dif íc i os  de  se r vi ç os , ai nda  pas s a va  por  s e  ga ra ntir 
um ní ve l  l umí ni c o ar ti fi c ia l c onst a nt e , de spr e za ndo as  va r i a ç õe s  de  i l umi na çã o na tur a l e xt er i or  e 
nã o c onsi der a va  ne c es si dade s  e s pe c íf ic a s  de c or r e nt es da  oc upa çã o e s pa c ia l  e  do us o. Na  f i gur a 
5, pr oj ec t ou- s e  a  il umi na ç ão a rt if ic ia l e xi s te nte  c onst ituí da por l
na  Na ve  1, pode ndo- s e  c ons t at a r  que  e st a  fi l os ofi a  se  e nc ont r a  de s a da pta da  às  e xi gê nc i as  l e gi
l a ti va s  a ct uai s , c om c ons umos  e xa ge r a dos  e  r e fl e xos  ne ga t i vos  no â mbi t o da  e fi ci ê nci a  ene r gé t
c a .  
O pr oble ma  da  i lumi na ç ã o na t ur a l n
Em pr i me i r o l uga r  de ve - s e  c ons ide ra r  a  i nt e ra c çã o e nt r e  o e dif íc i o e  a s  c ondi ç ões  f ís i ca s  do 
c é u ( il umi na ç ã o dir e ct a do Sol  e  il umi na ç ão re fl e ct ida  quer  pe l o s ol o, que r por s upe rf íc ie s  i l
mi na da s  na tur al me nt e ) . Em s e gundo l uga r  de ve
e s pa ço i nt er i or  il umi na do, a t ra vé s  da s  abe rt ur a s  e xis t ent e s  e  a  for ma  c omo r e c e be m e  t r a ns m
t e m a  i l umi na çã o nat ura l  do e xt er ior . 
Com l â mpa da s  f luor es c ente s  de  el e va da  ef ic
ou s ej a , 80 uni dade s de  f luxo l umi noso por  ca da  uni da de de fl uxo e ner gé t i co. A l uz nat ura l 
a pr es e nt a  ef i cá ci a s  ba s ta nte ma i s  e l e va da s:  100 l m/ W  pa r a  a  l uz do c é u di r ec t a, 115 l m/ W  pa r a  a  
l uz do c é u e nc obe rt o e  1 35 l m/ W  pa ra  a  l uz do c é u l i mpo ( Car va l ho, 1999) .
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  5 .  –  P la nta  ilu mi na ç ã o  a r tific ia l
 
3 ILUM INAÇ ÃO EM  ED IF ÍC
For a m s i mul a da s vá r ia s  s ol uç ões  de  me l hori a de il umi na ç ã o nat ur a l
r e c ur s o a  me di ç õe s  no l oca l  ( luxí me t r o) , a o pr ogr a ma  i nf or má t i c o E
( Li ght  & T her ma l  M et hod)  r e fe ri ndo
 
Sol uç ão A - Sub s t i t ui ç ão pa r ci a l  da  c ha pa  me t á li ca  por  uma  c ha pa  de  poli c ar bona t o al ve ol ar 
de  10mm;  
As  t éc nic a s s ol ar e s pa ss i va s  e bioc li má t i ca s  pa ss a ram a  i nt e gr ar  a c ons tr uçã o dos  edif í ci os 
c om o obj e ct i vo de  re duzi r  c ons umos , e nt re  os  quai s , a  e ne r gi a  el é ct ri c a. Segundo o Pr of . 
M a nuel  C. Gue des , do I.S .T . “ o obj ec ti vo pr i or it á ri o da  a r qu i t ec t ur a  bi ocl i má t ic a , por  ve ze s 
t a mbé m de s i gna da  por  «a r qui te c tur a  s ol a r », é  a  mi ni mi za ç ã o do cons umo e ne r gé tic o r ec orr e ndo 
a o us o de  e st r at é gi as  de  de s i gn pa ss i vo, i .e ., r e duzi ndo a  ne ce s si da de  de  ut il i za ç ã o de  me i os  
me c â ni c os  de  c li ma t i za ç ã o ou i l umi na ç ã o a rt if ic ia l  e  pot e nc i ando os  be nef íc i os  da  i l umi na ção 
na t ur a l, a tr a vé s  de  uma  s á bia  a da pt a çã o do e dif íc i o a o cont e xt o cl i má ti c o l oc al ”  ( Gue de s , 2004) . 
Di ve r s a s e xpe ri ê nci a s e e studos  t ê m mos t r a do que , par a  uma  il umi na ç ã o de boa qua li da de , a 
cor  das  f ont es de  l uz de ve  e s t ar  de  ac ordo c om o ní ve l  de  i l umi na çã o a de qua da  à 
f unç ão do es pa ço a  que  s e de s ti na .  
ILUM INAÇ ÃO EM  ED IF ÍC IOS DE SERV IÇOS  
A f il os of ia  de  pr oj e ct o na  dé c a da de 70, par a  e dif íc i os  de  se r vi ç os , ai nda  pas s a va  por  s e  ga ra ntir 
ní ve l  l umí ni c o ar ti fi c ia l c onst a nt e , de spr e za ndo as  va r i a ç õe s  de  i l umi na çã o na tur a l e xt er i or  e 
nã o c onsi der a va  ne c es si dade s  e s pe c íf ic a s  de c or r e nt es da  oc upa çã o e s pa c ia l  e  do us o. Na  f i gur a 
s e  a  il umi na ç ão a rt if ic ia l e xi s te nte  c onst ituí da por l â mpa da s  de  va por  de me r c úri o 
s e  c ons t at a r  que  e st a  fi l os ofi a  se  e nc ont r a  de s a da pta da  às  e xi gê nc i as  l e gi
l a ti va s  a ct uai s , c om c ons umos  e xa ge r a dos  e  r e fl e xos  ne ga t i vos  no â mbi t o da  e fi ci ê nci a  ene r gé t
O pr oble ma  da  i lumi na ç ã o na t ur a l n e st as  ti pol ogi a s  pode  s er  c ol oca do nos  s e gui nte s  te r mos :
s e  c ons ide ra r  a  i nt e ra c çã o e nt r e  o e dif íc i o e  a s  c ondi ç ões  f ís i ca s  do 
c é u ( il umi na ç ã o dir e ct a do Sol  e  il umi na ç ão re fl e ct ida  quer  pe l o s ol o, que r por s upe rf íc ie s  i l
na tur al me nt e ) . Em s e gundo l uga r  de ve - s e  a na li s ar  a  i nte ra c ç ão e nt r e o e dif í ci o e  o 
e s pa ço i nt er i or  il umi na do, a t ra vé s  da s  abe rt ur a s  e xis t ent e s  e  a  for ma  c omo r e c e be m e  t r a ns m
t e m a  i l umi na çã o nat ura l  do e xt er ior .  
Com l â mpa da s  f luor es c ente s  de  el e va da  ef ic á ci a  l umi nos a , c ons e gue m- s e  pr oduzi r  80 l m/ W 
ou s ej a , 80 uni dade s de  f luxo l umi noso por  ca da  uni da de de fl uxo e ner gé t i co. A l uz nat ura l 
a pr es e nt a  ef i cá ci a s  ba s ta nte ma i s  e l e va da s:  100 l m/ W  pa r a  a  l uz do c é u di r ec t a, 115 l m/ W  pa r a  a  
35 l m/ W  pa ra  a  l uz do c é u l i mpo ( Car va l ho, 1999) .  
a r tific ia l  d a  N a ve   Fig ur a  6  –  D isp o sitivo s d e  il u mi na ç ã o  
     a r tific ia l e xi ste nte s ( va p o r  me r c úr io )
ILUM INAÇ ÃO EM  ED IF ÍC IOS DE SERV IÇOS  
vá r ia s  s ol uç ões  de  me l hori a de il umi na ç ã o nat ur a l  ( vd f i gur a 7) , 
r e c ur s o a  me di ç õe s  no l oca l  ( luxí me t r o) , a o pr ogr a ma  i nf or má t i c o E c ot e ct  
r e fe ri ndo -s e  ne st e  es t udo a s ma i s  s i gni fi c at i va s: 
s t i t ui ç ão pa r ci a l  da  c ha pa  me t á li ca  por  uma  c ha pa  de  poli c ar bona t o al ve ol ar 
As  t éc nic a s s ol ar e s pa ss i va s  e bioc li má t i ca s  pa ss a ram a  i nt e gr ar  a c ons tr uçã o dos  edif í ci os 
c om o obj e ct i vo de  re duzi r  c ons umos , e nt re  os  quai s , a  e ne r gi a  el é ct ri c a. Segundo o Pr of . 
i t ec t ur a  bi ocl i má t ic a , por  ve ze s 
t a mbé m de s i gna da  por  «a r qui te c tur a  s ol a r », é  a  mi ni mi za ç ã o do cons umo e ne r gé tic o r ec orr e ndo 
a o us o de  e st r at é gi as  de  de s i gn pa ss i vo, i .e ., r e duzi ndo a  ne ce s si da de  de  ut il i za ç ã o de  me i os  
ã o a rt if ic ia l  e  pot e nc i ando os  be nef íc i os  da  i l umi na ção 
na t ur a l, a tr a vé s  de  uma  s á bia  a da pt a çã o do e dif íc i o a o cont e xt o cl i má ti c o l oc al ”  ( Gue de s , 2004) .  
Di ve r s a s e xpe ri ê nci a s e e studos  t ê m mos t r a do que , par a  uma  il umi na ç ã o de boa qua li da de , a 
cor  das  f ont es de  l uz de ve  e s t ar  de  ac ordo c om o ní ve l  de  i l umi na çã o a de qua da  à 
A f il os of ia  de  pr oj e ct o na  dé c a da de 70, par a  e dif íc i os  de  se r vi ç os , ai nda  pas s a va  por  s e  ga ra ntir 
ní ve l  l umí ni c o ar ti fi c ia l c onst a nt e , de spr e za ndo as  va r i a ç õe s  de  i l umi na çã o na tur a l e xt er i or  e 
nã o c onsi der a va  ne c es si dade s  e s pe c íf ic a s  de c or r e nt es da  oc upa çã o e s pa c ia l  e  do us o. Na  f i gur a 
â mpa da s  de  va por  de me r c úri o 
s e  c ons t at a r  que  e st a  fi l os ofi a  se  e nc ont r a  de s a da pta da  às  e xi gê nc i as  l e gi s -
l a ti va s  a ct uai s , c om c ons umos  e xa ge r a dos  e  r e fl e xos  ne ga t i vos  no â mbi t o da  e fi ci ê nci a  ene r gé t i -
e st as  ti pol ogi a s  pode  s er  c ol oca do nos  s e gui nte s  te r mos :  
s e  c ons ide ra r  a  i nt e ra c çã o e nt r e  o e dif íc i o e  a s  c ondi ç ões  f ís i ca s  do 
c é u ( il umi na ç ã o dir e ct a do Sol  e  il umi na ç ão re fl e ct ida  quer  pe l o s ol o, que r por s upe rf íc ie s  i l u-
s e  a na li s ar  a  i nte ra c ç ão e nt r e o e dif í ci o e  o 
e s pa ço i nt er i or  il umi na do, a t ra vé s  da s  abe rt ur a s  e xis t ent e s  e  a  for ma  c omo r e c e be m e  t r a ns m i -
s e  pr oduzi r  80 l m/ W 
ou s ej a , 80 uni dade s de  f luxo l umi noso por  ca da  uni da de de fl uxo e ner gé t i co. A l uz nat ura l 
a pr es e nt a  ef i cá ci a s  ba s ta nte ma i s  e l e va da s:  100 l m/ W  pa r a  a  l uz do c é u di r ec t a, 115 l m/ W  pa r a  a  
D isp o sitivo s d e  il u mi na ç ã o   
a r tific ia l e xi ste nte s ( va p o r  me r c úr io )  
f i gur a 7) ,  at ra vé s  do 
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Sol uç ão B - Subs t i t ui çã o pa r ci a l  por  c hapa  poli ca r bona t o al ve ol ar  de  10mm e  p r oj ec ç ão de 
pr odut o ce l ul os o c la r o pe lo i nte ri or  da  c ha pa  exi st e nt e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  7  –  E sq ue ma  d e  sub s tit uiç ã o  p a r c ia l d a
                 c o b er tur a  p o r  c ha p a d e  p o lic a rb o na to
3.1 Medição dos níveis de iluminação natural 
Ape s a r  dos  pr oce s s os  inf ormá t i c os  ut il i za dos  par a  a  s imul a ç ã o de  i l umi na çã o natur a l, c ons i d
r ou- s e  f unda me nt a l  a  ut ili za ç ã o de  uma  ma que t a , à  e sc a l a  1/ 50, com a  a pl i c aç ã o dos  ma t e r i ai s 
de  c or  i dênti c a à s it uaç ã o e xi st e nt e , de modo a  obt er um mode l o que  c orr es pond
f i dedi gna me nt e  pos s í ve l  à  re a li da de .
A ma que t a  r e pr oduz um c or t e  de  um t r oço tr a ns ve rs al  da  Na ve
s e nta ti vo da  pri nci pal  ár e a  da  Na ve . 
Cons i de r ou- s e  um t i po de  c é u e nc obe rt o (a tr a vé s  da  c ol oca ç ão da  ma que t a  e m s ombr a
modo a  va l i da r  os  va l or e s, a t ra vé s  de  me di ç õe s  da  quant i da de  de  i l umi na çã o i nt e ri or  fa c e  à  e xt
r i or  pel os  vã o e nvi dr a ça dos, s e m e nt r a da  de  l uz dir e ct a.
i l umi na çã o e xte ri ore s , t or na  i mpos s í ve l  a  c ompa r a çã o de  va l or e s  e m Lux, 
no e xt er i or  num me s mo i n s t a nt e  de  te mpo, pe l o que  f oi  nec e s sá ri o r ec orr e r  ao Fa c t or  de  Luz
Di a  ( vd f i gur a  11) . A s onda e xt
à  a lt ura  e qui va l e nt e  de  um pl a no de  tr a ba l ho.
Pa r a  a l é m dos  va l or e s  me didos  at r a vé s  do l uxí me t r o e  t r a duzi dos  a tr a vé s  do FLD f oi  pos sí ve l 
f a ze r - s e  um e s t udo qual it at ivo, a t r a vé s  da c a pt a
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  9  - I ma ge m a c tua l d a  N a ve  1
 
 
 
Subs t i t ui çã o pa r ci a l  por  c hapa  poli ca r bona t o al ve ol ar  de  10mm e  p r oj ec ç ão de 
ce l ul os o c la r o pe lo i nte ri or  da  c ha pa  exi st e nt e  
sub s tit uiç ã o  p a r c ia l d a              Figur a  8  - T r o ç o d a  N ave  1  e m ma q ue ta
c o b er tur a  p o r  c ha p a d e  p o lic a rb o na to                           a  tr a c ej a do 
– Luxímetro e FLD 
pr oce s s os  inf ormá t i c os  ut il i za dos  par a  a  s imul a ç ã o de  i l umi na çã o natur a l, c ons i d
s e  f unda me nt a l  a  ut ili za ç ã o de  uma  ma que t a , à  e sc a l a  1/ 50, com a  a pl i c aç ã o dos  ma t e r i ai s 
de  c or  i dênti c a à s it uaç ã o e xi st e nt e , de modo a  obt er um mode l o que  c orr es pond
f i dedi gna me nt e  pos s í ve l  à  re a li da de .  
um c or t e  de  um t r oço tr a ns ve rs al  da  Na ve  ( vd f i gur a 8)
s e nta ti vo da  pri nci pal  ár e a  da  Na ve .  
s e  um t i po de  c é u e nc obe rt o (a tr a vé s  da  c ol oca ç ão da  ma que t a  e m s ombr a
modo a  va l i da r  os  va l or e s, a t ra vé s  de  me di ç õe s  da  quant i da de  de  i l umi na çã o i nt e ri or  fa c e  à  e xt
s e m e nt r a da  de  l uz dir e ct a.  A c ons ta nte  ins ta bil ida de  dos  ní ve is  de 
i l umi na çã o e xte ri ore s , t or na  i mpos s í ve l  a  c ompa r a çã o de  va l or e s  e m Lux, me di da s  no i nt e ri or  e  
e xt er i or  num me s mo i n s t a nt e  de  te mpo, pe l o que  f oi  nec e s sá ri o r ec orr e r  ao Fa c t or  de  Luz
A s onda e xt er i or , f oi  a pont ada  par a  a  c úpul a  c el e st e  e  a  i nt er i or f oi  loc al i za da 
à  a lt ura  e qui va l e nt e  de  um pl a no de  tr a ba l ho.  
Pa r a  a l é m dos  va l or e s  me didos  at r a vé s  do l uxí me t r o e  t r a duzi dos  a tr a vé s  do FLD f oi  pos sí ve l 
s e  um e s t udo qual it at ivo, a t r a vé s  da c a pt a çã o de  ima ge ns  no i nt e ri or  da  ma que t a .
I ma ge m a c tua l d a  N a ve  1                Figur a  1 0  –  Si mula ç ã o  d o  p ro d uto  c e lulo so
 
Subs t i t ui çã o pa r ci a l  por  c hapa  poli ca r bona t o al ve ol ar  de  10mm e  p r oj ec ç ão de 
T r o ç o d a  N ave  1  e m ma q ue ta  
pr oce s s os  inf ormá t i c os  ut il i za dos  par a  a  s imul a ç ã o de  i l umi na çã o natur a l, c ons i d e -
s e  f unda me nt a l  a  ut ili za ç ã o de  uma  ma que t a , à  e sc a l a  1/ 50, com a  a pl i c aç ã o dos  ma t e r i ai s 
de  c or  i dênti c a à s it uaç ã o e xi st e nt e , de modo a  obt er um mode l o que  c orr es pond e s se  o ma i s  
f i gur a 8) , t r oç o e s s e  r e pr e -
s e  um t i po de  c é u e nc obe rt o (a tr a vé s  da  c ol oca ç ão da  ma que t a  e m s ombr a )  de 
modo a  va l i da r  os  va l or e s, a t ra vé s  de  me di ç õe s  da  quant i da de  de  i l umi na çã o i nt e ri or  fa c e  à  e xt e -
A c ons ta nte  ins ta bil ida de  dos  ní ve is  de 
me di da s  no i nt e ri or  e  
e xt er i or  num me s mo i n s t a nt e  de  te mpo, pe l o que  f oi  nec e s sá ri o r ec orr e r  ao Fa c t or  de  Luz -
er i or , f oi  a pont ada  par a  a  c úpul a  c el e st e  e  a  i nt er i or f oi  loc al i za da 
Pa r a  a l é m dos  va l or e s  me didos  at r a vé s  do l uxí me t r o e  t r a duzi dos  a tr a vé s  do FLD f oi  pos sí ve l 
çã o de  ima ge ns  no i nt e ri or  da  ma que t a .  
Si mula ç ã o  d o  p ro d uto  c e lulo so   
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Fig ur a  1 1  –  V a lo r e s FLD  me d id o s e m ma q ue ta  p a r a  o  e xiste nte  e  p a r a  a s vá r ia s so l uç õ e s
3.2  Simulações Programa ECOTECT
As  a ná li s es  c om o r e c ur s o a o s oft wa r e  E
ç ã o e xis te nte , que  a  i nt roduç ã o do pr odut o ce l ul oso c l ar o na  c ober tur a  aume nt a  o FLD e m t odos 
os  e s paç os . A i nt roduçã o de  e nvi dr aç a do
me nt e  o va l or  de  FLD e m t oda  a  ár ea , t or na ndo
Conf or me  s e pode ve r if ic ar  na fi g 1
va l or e s re c ome nda dos pel o Pr of . N. Ba ke r  e m “
t o i de al  par a  a  i lumi na ç ã o a r ti fi ci al  a li a da s  ao f ac t o da s  f ene st ra ç ões  s e  e nc ontr ar e m l oc a li za da s 
a  c er ca  de  4m de  a l t ura , em r e l a ç ão a o pl a no de  tr a ba l ho. V e ri fi c a
mi na ç ã o ar ti fi c ia l obti do no pl ano de  tr a ba l ho ( 70c m do pa vi me nt o)  é  e m mé di a  de  60 Lux (
f i g 13) , va l or  ba st a nt e  r e duzi do e  i ns uf ic i ent e, fa c e ao e xce s si vo c ons umo de  ca da  i l umi na ri a 
e xi st e nt e  de  va por  de  me r cúr i o 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  1 2  –  V a lo r e s FLD  me d id o s e m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  1 4  –  M o d e lo  So la r  E CO T E CT  N a ve  1
V a lo r e s FLD  me d id o s e m ma q ue ta  p a r a  o  e xiste nte  e  p a r a  a s vá r ia s so l uç õ e s
 
As  a ná li s es  c om o r e c ur s o a o s oft wa r e  E cot ec t  ( vd fi gs  13 e  14)  pe r mi ti r a m a pura r , f ac e  à  s it u
ç ã o e xis te nte , que  a  i nt roduç ã o do pr odut o ce l ul oso c l ar o na  c ober tur a  aume nt a  o FLD e m t odos 
os  e s paç os . A i nt roduçã o de  e nvi dr aç a do  na  c ober tur a  é  a  s ol uçã o que  a ume nt a  c onsi der a ve
me nt e  o va l or  de  FLD e m t oda  a  ár ea , t or na ndo -a  ma i s homo gé ne a .  
Conf or me  s e pode ve r if ic ar  na fi g 1 2 , as  vá ri a s s ol uçõe s  ati nge m u m FLD e nt r e 3% e  5%, 
va l or e s re c ome nda dos pel o Pr of . N. Ba ke r  e m “ Daylighting in Architecture ” c omo c ompl e me
t o i de al  par a  a  i lumi na ç ã o a r ti fi ci al  a li a da s  ao f ac t o da s  f ene st ra ç ões  s e  e nc ontr ar e m l oc a li za da s 
em r e l a ç ão a o pl a no de  tr a ba l ho. V e ri fi c a - s e  que  o va l or  mé di o da  i l
pl ano de  tr a ba l ho ( 70c m do pa vi me nt o)  é  e m mé di a  de  60 Lux (
f i g 13) , va l or  ba st a nt e  r e duzi do e  i ns uf ic i ent e, fa c e ao e xce s si vo c ons umo de  ca da  i l umi na ri a 
de  va por  de  me r cúr i o ( 250W ) . 
V a lo r e s FLD  me d id o s e m ma q ue ta            Figur a  1 3  –  Si mu la ç õ e s o b tid a s 
M o d e lo  So la r  E CO T E CT  N a ve  1  
V a lo r e s FLD  me d id o s e m ma q ue ta  p a r a  o  e xiste nte  e  p a r a  a s vá r ia s so l uç õ e s  
pe r mi ti r a m a pura r , f ac e  à  s it u a -
ç ã o e xis te nte , que  a  i nt roduç ã o do pr odut o ce l ul oso c l ar o na  c ober tur a  aume nt a  o FLD e m t odos 
na  c ober tur a  é  a  s ol uçã o que  a ume nt a  c onsi der a ve l -
, as  vá ri a s s ol uçõe s  ati nge m u m FLD e nt r e 3% e  5%, 
” c omo c ompl e me n -
t o i de al  par a  a  i lumi na ç ã o a r ti fi ci al  a li a da s  ao f ac t o da s  f ene st ra ç ões  s e  e nc ontr ar e m l oc a li za da s 
s e  que  o va l or  mé di o da  i l u-
pl ano de  tr a ba l ho ( 70c m do pa vi me nt o)  é  e m mé di a  de  60 Lux ( vd 
f i g 13) , va l or  ba st a nt e  r e duzi do e  i ns uf ic i ent e, fa c e ao e xce s si vo c ons umo de  ca da  i l umi na ri a 
Si mu la ç õ e s o b tid a s no  E c o te c t 
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3.3 Simulações com o Método LT
O M é t odo LT , us a  um mo de l o ma t e má t i c o t e ndo e m c ons i de ra ç ã o o cl i ma , a s  á r e as  pa ss i va s 
( á re a s  ma i s  pr óxi ma s  da s  fa c ha da s )
e  a l guns  pa râ me t r os  do d e si gn dos  e dif í ci os , c omo s ej a m:
ç ã o e  ár e a  e  di st ri bui ç ão dos  e nvi dr aç a dos . O mé t odo LT  foi  a pl ic a do a o pre s e nt e c a s o de  e s tudo 
( vd fi gur a  16)  par a  a va li a r  a s  r e duç ões  de  ene r gi a  e l éct ri c a  na  il umi na ç ã o ar ti fi cia l  dos  e s paç os 
e m f unç ã o de  s ol uç õe s que  pe r mi t e m a ume nt a r  a  pe
i gua l me nt e  a  va ri a çã o e m t e r mos  da s  nec e ss i da de s de  a que ci me nt o e  ar re f e
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur a  1 6  –  Cur va s LT  d e te r mina ç ã o  d o s p a r â me tr o s a  u tiliz a r  d e  a c or d o  co m a  o r ie nta ç ã o
4 CONCLUSÕES  
Na  s it uaç ã o e xis te nte , c onst a ta
voc a ndo e nca de a me nt o)  e  di mi nui ç ã o br us c a  
A pr i me i r a  opç ã o ( c ober tura  br a nca )  é  a  que  s e  r e ve la  ma i s  e f i c a z do pont o de  vi st a  t ér mi c o e 
r e fl e xã o lumi nos a  j unt o à  ja ne la  Sul
ç ã o da  pr oj e c çã o de  pr oduto “ Sona spr a y”  c uj a s  c a ra cte r ís ti c as  t ér mi c a s  e  a c úst ica s  j á  s e  re f er
r a m, ma s  c onst a ta - s e  que  va i  di mi nui ndo à  me di da  que a  pr of undi da de  a
A s e gunda  opç ã o (c ober t ura  c i nze nta  e xis te nte  +  vi dro na  c ober t ur a )  r e ve l a  um r it mo de  l uz  
que  é  i nte rr ompi do s e mpr e  que  a  t r a nsi çã o e ntr e  a s  “c l ar a bói a s  de  vi dr o”  s e  e fec t ua , ou s ej a  o 
r it mo c l a r o/ e sc uro nã o poss i bi li t a uma  di s tr ibuiç ã o l umí ni c a
num s obr e a quec i me nt o do me s mo. 
Qua nt o à  t e rc ei r a  opç ã o ( cobe rt ura  br anc a  
c obe rt ur a )  f oi  a  que  s e  r e ve l ou ma i s  e fi ci e nt e  do ponto de  vi s t a  da  r ef l exã o da  luz a o l ongo da  
Na v e , r e duzi ndo s i gnif ic a tiva me nt e  o pe rí odo de  hor as  de  f unci ona me nt o da  i lumi na ç ã o el é ct r
c a  e  contr i bui ndo par a  a  me l hori a  do c onf ort o t é r mi c o no
A a ná l is e  quali t at i va  c om r e c urs o a o a ume nt o do c ontr a st e  per mi t i u c onc luir  que os  mode l os 
c om a  c obe rt ura  e m c or  cl ar a  di f unde m ba s t a nt e  ma i s  a  i lumi na ç ã o na t ur al  por  t odo o e spa ç o da 
 
O M é t odo LT , us a  um mo de l o ma t e má t i c o t e ndo e m c ons i de ra ç ã o o cl i ma , a s  á r e as  pa ss i va s 
( á re a s  ma i s  pr óxi ma s  da s  fa c ha da s )  e  as  á re a s  nã o pa ss i va s  ( af a st a da s  da s  f a cha da s  ou i s ol a da s) 
e si gn dos  e dif í ci os , c omo s ej a m:  a  pr of undi da de  dos  e spa ç os , or ie nt
ç ã o e  ár e a  e  di st ri bui ç ão dos  e nvi dr aç a dos . O mé t odo LT  foi  a pl ic a do a o pre s e nt e c a s o de  e s tudo 
par a  a va li a r  a s  r e duç ões  de  ene r gi a  e l éct ri c a  na  il umi na ç ã o ar ti fi cia l  dos  e s paç os 
e m f unç ã o de  s ol uç õe s que  pe r mi t e m a ume nt a r  a  pe r cent a ge m de  i lumi na ç ã o na tura l , t ra duzi ndo 
i gua l me nt e  a  va ri a çã o e m t e r mos  da s  nec e ss i da de s de  a que ci me nt o e  ar re f e c i me nto (
Fig ur a  1 5  – Aná l ise  c o mp a r a tiva  d o s
d a s vá r ia s so l uç õ e s  
Cur va s LT  d e te r mina ç ã o  d o s p a r â me tr o s a  u tiliz a r  d e  a c or d o  co m a  o r ie nta ç ã o
Na  s it uaç ã o e xis te nte , c onst a ta - s e  e xc es s i va  l umi nos i da de  na  zona  adj ac e nt e  à  f ac ha da 
e  di mi nui ç ã o br us c a  da  me s ma  e m pr of undida de .  
A pr i me i r a  opç ã o ( c ober tura  br a nca )  é  a  que  s e  r e ve la  ma i s  e f i c a z do pont o de  vi st a  t ér mi c o e 
ja ne la  Sul , úni c a  f ont e  que  di s põe  par a  di ss e mi na r  a l uz na t ur al
ç ã o da  pr oj e c çã o de  pr oduto “ Sona spr a y”  c uj a s  c a ra cte r ís ti c as  t ér mi c a s  e  a c úst ica s  j á  s e  re f er
s e  que  va i  di mi nui ndo à  me di da  que a  pr of undi da de  a ume nt a;
A s e gunda  opç ã o (c ober t ura  c i nze nta  e xis te nte  +  vi dro na  c ober t ur a )  r e ve l a  um r it mo de  l uz  
que  é  i nte rr ompi do s e mpr e  que  a  t r a nsi çã o e ntr e  a s  “c l ar a bói a s  de  vi dr o”  s e  e fec t ua , ou s ej a  o 
r it mo c l a r o/ e sc uro nã o poss i bi li t a uma  di s tr ibuiç ã o l umí ni c a  uni f or me  no e s paç o e  
num s obr e a quec i me nt o do me s mo.  
Qua nt o à  t e rc ei r a  opç ã o ( cobe rt ura  br anc a  - a pl i c aç ã o de  Sona s pr a y +  i l umi na ção na t ur a l  na 
c obe rt ur a )  f oi  a  que  s e  r e ve l ou ma i s  e fi ci e nt e  do ponto de  vi s t a  da  r ef l exã o da  luz a o l ongo da  
e , r e duzi ndo s i gnif ic a tiva me nt e  o pe rí odo de  hor as  de  f unci ona me nt o da  i lumi na ç ã o el é ct r
c a  e  contr i bui ndo par a  a  me l hori a  do c onf ort o t é r mi c o no  Ve r ã o. 
A a ná l is e  quali t at i va  c om r e c urs o a o a ume nt o do c ontr a st e  per mi t i u c onc luir  que os  mode l os 
ura  e m c or  cl ar a  di f unde m ba s t a nt e  ma i s  a  i lumi na ç ã o na t ur al  por  t odo o e spa ç o da 
O M é t odo LT , us a  um mo de l o ma t e má t i c o t e ndo e m c ons i de ra ç ã o o cl i ma , a s  á r e as  pa ss i va s 
e  as  á re a s  nã o pa ss i va s  ( af a st a da s  da s  f a cha da s  ou i s ol a da s) 
a  pr of undi da de  dos  e spa ç os , or ie nt a -
ç ã o e  ár e a  e  di st ri bui ç ão dos  e nvi dr aç a dos . O mé t odo LT  foi  a pl ic a do a o pre s e nt e c a s o de  e s tudo 
par a  a va li a r  a s  r e duç ões  de  ene r gi a  e l éct ri c a  na  il umi na ç ã o ar ti fi cia l  dos  e s paç os 
r cent a ge m de  i lumi na ç ã o na tura l , t ra duzi ndo 
c i me nto ( vd f i g 15) . 
Aná l ise  c o mp a r a tiva  d o s  c o nsu mo s        
Cur va s LT  d e te r mina ç ã o  d o s p a r â me tr o s a  u tiliz a r  d e  a c or d o  co m a  o r ie nta ç ã o   
s e  e xc es s i va  l umi nos i da de  na  zona  adj ac e nt e  à  f ac ha da ( pr o-
A pr i me i r a  opç ã o ( c ober tura  br a nca )  é  a  que  s e  r e ve la  ma i s  e f i c a z do pont o de  vi st a  t ér mi c o e 
par a  di ss e mi na r  a l uz na t ur al , f un-
ç ã o da  pr oj e c çã o de  pr oduto “ Sona spr a y”  c uj a s  c a ra cte r ís ti c as  t ér mi c a s  e  a c úst ica s  j á  s e  re f er i -
ume nt a;  
A s e gunda  opç ã o (c ober t ura  c i nze nta  e xis te nte  +  vi dro na  c ober t ur a )  r e ve l a  um r it mo de  l uz  
que  é  i nte rr ompi do s e mpr e  que  a  t r a nsi çã o e ntr e  a s  “c l ar a bói a s  de  vi dr o”  s e  e fec t ua , ou s ej a  o 
uni f or me  no e s paç o e  que  r e sult a 
a pl i c aç ã o de  Sona s pr a y +  i l umi na ção na t ur a l  na 
c obe rt ur a )  f oi  a  que  s e  r e ve l ou ma i s  e fi ci e nt e  do ponto de  vi s t a  da  r ef l exã o da  luz a o l ongo da  
e , r e duzi ndo s i gnif ic a tiva me nt e  o pe rí odo de  hor as  de  f unci ona me nt o da  i lumi na ç ã o el é ct r i -
A a ná l is e  quali t at i va  c om r e c urs o a o a ume nt o do c ontr a st e  per mi t i u c onc luir  que os  mode l os 
ura  e m c or  cl ar a  di f unde m ba s t a nt e  ma i s  a  i lumi na ç ã o na t ur al  por  t odo o e spa ç o da 
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na ve , r e duzi ndo o c ont ra s te  e ntr e  ár e as  e xi st e nt e s  mui t o i l umi na da s  j unt o à  fa c ha da  Sul  ( e nc a -
de a me nt o)  e  á re a s  e s cur as  e pouc o i l umi na da s . 
At r a vé s  da  pes quis a  e  de  uma  r e vi s ã o bi bli ogr á fi c a , da  r e al i za ç ão de  uma  ma que t a  de  e st udo 
no l oc al  par a  me diç õe s e  da s  vá r ia s  s i mul a ç õe s  ne ce ss á ri a s par a  o des e nvol vi me nt o de st e  e s tu-
do, c onsi der a -s e  que  e st a mos  e m c ondi ç ões  de  c ont ri bui r  par a  a  muda nç a  de  pe rce pç ã o da  f or ma  
c omo os  pr of is si onai s , sej am a r qui t e ct os , ge st ore s , ór gã os  de ci sor es  ou i ndust ri a is pode m i nt e r -
vi r , de uma  f or ma  pro-a c t iva  e  c ons c ie nte  pa ra  a s us te nt a bil i da de  e m ge r a l  e para  a r e duç ã o da 
f a ct ura  e ner gé t ic a  dos  se us  e di fí ci os  e m pa r ti c ul a r . 
Es t e  es t udo te ve  c omo s upor t e  di ve r sa s  fe rr a me nt a s  de  de si gn, que  s e  apr es e nt ara m a o l ongo 
do e st udo e  que f or nec e ram os  i ndi ca dore s  ne c es s ár ios  par a  a e la bor a çã o de r ec ome nda ç õe s  e 
i nte r ac ç ões  re s ul ta nte s  das me di da s  a pl ic a das  que r  o ní ve l  da me l hor ia  da il umi na ç ã o nat ura l 
que r da s i mpl ic a ç õe s e m t e r mos  das  ne c es si da des  de  a que ci me nt o/ ar re f ec i me nt o r e s ult a nt es 
( Li der A) .  
As  s ol uçõe s  es t uda das  t i ver a m e m c ont a  a s  re l aç ões  e nt re  o me i o a mbi e nt e , a  ti pologi a  do 
e di fí ci o e  o ut il i za dor  e  a br a nge r a m di ve r s os  ní ve i s  de  i nte r ve nç ão, que  pode rã o s e r  fa s e ados , 
de s de a  si mpl e s  s ubst it ui ç ão de  ba l as tr os e le ct r oma gné t ic os  por bal a st r os  el e ct róni c os, pas s a ndo 
pe l a  c once pç ão de  s oluç ões de  nat ure za  ma i s  c ompl e xa  que  s e  for a m de s cr e ve ndo e  que s e  pr o-
vou c ont ri buí re m s i gni f i ca ti va me nt e  pa r a poupa r  e ner gi a  el éc tr i ca  e  e mi s s õe s de  CO 2 e  me l hor ar 
os  ní ve is  de  c onf ort o dos  uti li za dor es  e  o de s e mpe nho e ne r gé ti c o e  a mbi e nta l  da  Na ve .  
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1 INT RODUCT ION 
Ei ght  c ount r i e s  ( Br a zi l , Cze c h Re publ i c , Chi na , Indi a , Pol a nd, Por t uga l , Roma ni a  a nd Swe de n)  
we r e  i nvol ve d i n a n i nt e r na t i ona l  r e s e a r c h pr oj e c t  wa s  l a unc he d by Ar c e l or M i t t a l  i n 2009 wi t h 
t he  goa l  t o pr omot e  a  l ow-c os t  dwe l l i ng a da pt e d t o t he  ne e ds  of  s oc i e t y. In Por t uga l , t hi s  c ha l -
l e nge  wa s  t a ke n by a  c ompr e he ns i ve  t e a m c ompos e d by s e ve r a l  a r c hi t e c t  a nd e ngi ne e r s  f r om 
t he  Uni ve r s i t y of  Coi mbr a .  
For  t he  de ve l opme nt  of  t he  s ol ut i on s e ve r a l  s t a ge s  we r e  ne e de d. In t he  f i r s t  s t a ge , t oge t he r  
wi t h t he  pr e l i mi na r y a r c hi t e c t ur a l  pr oj e c t , a  de t a i l e d a na l ys i s  of  t he  s oc i o-e c onomi c  c ha r a c t e r i -
za t i on of  t he  c ount r y wa s  unde r t a ke n. T he  a i m of  t he  l a t t e r  wa s  t o pr ovi de  t he  t e a m a  pe r s pe c -
t i ve  of  c ur r e nt  s uppl y a nd de ma nd i n r e l a t i on t o t he  r e a l  e s t a t e  s e c t or . Ba s e d on t hi s  s t udy, i t  
wa s  de c i de d t o f oc us  t he  pr oj e c t  on a  dwe l l i ng f or  a  s t a nda r d f a mi l y of  a  c oupl e  a nd t wo c hi l d-
r e n ( t hr e e  ma i n be d-r ooms ) . T he  pr opos e d s ol ut i on i s  i l l us t r a t e d i n Fi gur e  1. 
 
 
 
Figur e  1 .  G e ne r a l p e r sp e c tive  o f the  d e ve lo p e d  mo d ula r  so lutio n 
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A BST RACT :  An i nt e r na t i ona l  r e s e a r c h pr oj e c t  wa s  l a unc he d by Ar c e l or M i t t a l  i n 2009 wi t h t he  
goa l  t o pr omot e  a  l ow-c os t  dwe l l i ng a da pt e d t o t he  ne e ds  of  s oc i e t y. T hi s  c ha l l e nge  i nvol ve d 
e i ght  uni ve r s i t i e s  f r om a r ound t he  wor l d. T he  Por t ugue s e  t e a m, f r om t he  Uni ve r s i t y of  Coi m-
br a , wa s  c ompos e d by a  c ompr e he ns i ve  t e a m of  a r c hi t e c t s  a nd e ngi ne e r s . T he  de s i gn pr opos e d 
by t hi s  t e a m f ul f i l l e d t he  r e qui r e me nt s  i n r e l a t i on t o s t r uc t ur a l , f unc t i ona l  a nd e c onomi c  a s -
pe c t s . Be s i de s  t he s e  r e qui r e me nt s  t he  t e a m de c i de d t o f ur t he r  de ve l op t he  s ol ut i on i n or de r  t o 
c ons i de r  a ddi t i ona l  a s pe c t s  l e a di ng t o a  mor e  e f f i c i e nt  s ol ut i on i n t he  c ont e xt  of  s us t a i na bl e  
c ons t r uc t i on. In t hi s  pa pe r  a  br i e f  de s c r i pt i on of  t he  wor k c a r r i e d out  by t he  Por t ugue s e  t e a m i s  
pr ovi de d. Howe ve r , t hi s  t e xt  f oc us e s  on pa r t i c ul a r  a s pe c t s  l e a di ng t o a  mor e  s us t a i na bl e  s ol u-
t i on:  t he  we l l -be i ng of  t he  us e r s  a nd t he  e nvi r onme nt a l  i mpa c t s  of  t he  bui l di ng ove r  i t s  l i f e  
c yc l e . 
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Fur t he r mor e , a  modul a r  c onc e pt  wa s  de f i ne d i n or de r  t o be  f l e xi bl e  a nd a da pt a bl e  t o f ut ur e  
de ma nds  of  t he  f a mi l y. T hi s  modul a r  c onc e pt  e na bl e s , be s i de s  i t  a da pt a bi l i t y f or  f ut ur e  r e -
qui r e me nt s  i n t he  s a me  hous e , a  de f i ni t i on of  ma ny ot he r  t ype s  of  s ol ut i ons  t o f ul f i l l  pa r t i c ul a r  
de ma nds , s uc h a s  ur ba n a nd t opogr a phy c ons t r a i nt s . 
In t he  s e c ond s t a ge , t he  c ompl e t e  de s i gn of  t he  dwe l l i ng wa s  unde r t a ke n. T he  de s i gn wa s  
ma de  a c c or di ng t o t he  r e qui r e me nt s  of  Ar c e l or M i t t a l  a nd s a f e t y r e qui r e me nt s  a c c or di ng t o c ur -
r e nt  s t a nda r ds .  
T he  r e qui r e me nt s  f r om Ar c e l or M i t t a l  we r e  t wof ol d:  t he  t ype  of  s t r uc t ur e , whi c h s houl d be  a  
s t e e l  s t r uc t ur e , a nd t he  a c hi e ve me nt  of  a  c ompe t i t i ve  pr i c e  i n r e l a t i on t o t r a di t i ona l  c ons t r uc t i on 
s ys t e ms . Be s i de s  t he s e  r e qui r e me nt s , t he  de s i gn f ul f i l l e d t he  va r i ous  r e qui r e me nt s  of  s t r uc t ur a l  
Eur ope a n St a nda r ds  ( Eur oc ode s )  a nd a ddi t i ona l  r e qui r e me nt s  i n r e l a t i on t o pa r t i c ul a r  c ha r a c t e -
r i s t i c s  of  t he  c ount r y. One  of  t he s e  s pe c i a l  r e qui r e me nt s  wa s  t he  s a f e t y ve r i f i c a t i on a ga i ns t  
e a r t hqua ke s , whi c h i s  ma nda t or y a c c or di ng t o Por t ugue s e  l e gi s l a t i on.  
T he  pr opos e d s ol ut i on c ons i s t s  of  a  dwe l l i ng wi t h t wo ma i n f l oor s . T he  l owe r  f l oor  e nt a i l s  
t he  c ommon pa r t  of  t he  hous e  whi l e  t he  uppe r  f l oor  e nt a i l s  t he  be d-r ooms  a nd ot he r  pr i va t e  
pa r t s  of  t he  hous e . T hi s  s ol ut i on i s  s ui t a bl e  f or  a  f a mi l y wi t h f our  me mbe r s , a l t hough c ha ngi ng 
s i ngl e  r ooms  t o doubl e  r ooms , t he  numbe r  ma y be  i nc r e a s e d. 
 
         
 
Figur e  2 .  La yo uts o f the  fir st flo o r  ( le ft)  a nd  se c o nd  flo o r  ( r ight)  
 
Gi ve n t he  ov e r l a p of  t he  t wo f l oor s , t he  uppe r  l e ve l  pr ovi de s  a  c ove r e d pa r ki ng a r e a  ne xt  t o 
t he  ki t c he n, a t  t he  gr ound f l oor  l e ve l . 
T he  pr opos e d s ol ut i on ha s  a  t ot a l  a r e a  of  164.20 m 2 . T he  s t r uc t ur e  a dopt e d f or  t he  dwe l l i ng 
c ons i s t s  of  a  l i ght -we i ght  s t e e l  s t r uc t ur e . T he  e xt e r na l  wa l l s  c ons i s t  of  a n out s i de  l a ye r  of  Or i -
e nt e d St r a nd Boa r d ( OSB)  pa ne l s , 12 mm t hi c k, a nd a n i ns i de  l a ye r  of  gyps um boa r ds  wi t h a  
t hi c kne s s  of  13 mm. T he  ga p be t we e n t he  t wo pa ne l s  i s  f i l l e d wi t h r oc k wool  120 mm t hi c k. 
T he  i nt e r na l  wa l l s  a r e  ma de  of  gyps um boa r ds  wi t h a  t hi c kne s s  of  13 mm a nd a  l a ye r  of  r oc k 
wool  wi t h a  t hi c kne s s  of  90 mm. T he  s l a bs  a r e  ma de  of  c ompos i t e  pa ne l s  wi t h a  t op l a ye r  of  
OSB pa ne l s  ( 18 mm) , a n i nt e r me di a t e  l a ye r  of  r oc k wool  70 mm t hi c k, a nd a  bot t om l a ye r  of  
gyps um boa r ds  13 mm t hi c k.  
 
T a b le  1.  B ill o f ma in ma te r ia ls.  
M a te r ia l  Q ua nt i tie s  U nit  
Co nc r e te  C2 5 /3 0  3 1 . 1 5  m 3  
R e info r c e me nt ste e l  1 3 8 0 . 0 0  kg  
Ste e l c o ld  fo r me d  5 3 6 5 . 1 7  kg  
Ro c k wo o l  ( 4 0 kg/m3 )    
     with thic kne ss o f 4 0  mm  3 5 . 0 0  m 2  
     with thic kne ss o f 9 0  mm  7 2 . 0 0  m 2  
     with thic kne ss o f 1 2 0  mm  3 5 5 . 4 0  m 2  
G yp sum p la s te r  b o a r d  ( 1 3  mm)  2 7 1 . 2 3  m 2  
O r ie nte d  str a nd  b o a r d    
     with thic kne ss o f 1 2  mm  2 1 5 . 0 0  m 2  
     with thic kne ss o f 1 8  mm  2 5 3 . 0 0  m 2  
P a inting o f inte r na l wa lls  2 8 9 . 5 3  m 2  
E xte r na l wa lls in E T I CS syste m  ( e xp a nd e d  p o l y styr e ne )  2 3 1 . 3 8  m 2  
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T he  r oc k wool  i ns ul a t i on pa ne l s  c ompl e t e l y c l a d t he  s t e e l  f r a me  e ns ur i ng t ha t  t he  hous e  
a c hi e ve s  hi gh t he r ma l  a nd a c ous t i c  be ha vi our  a c c or di ng t o r e gul a t or y r e qui r e me nt s . T he  e nve -
l ope  of  t he  hous e  i s  c ove r e d by a n Ext e r na l  T he r ma l  Ins ul a t i on Compos i t e  Sys t e m ( ET ICS) . 
T he  bi l l  of  t he  ma i n ma t e r i a l s  i s  pr ovi de d i n T a bl e  1.  
T he  f i na l  c os t  of  t he  hous e  i s  533.00€/ m 2 .  
Dur i ng t he  de ve l opme nt  of  t he  pr opos e d s ol ut i on, ot he r  r e qui r e me nt s  a pa r t  f r om s a f e t y a nd 
c os t  we r e  t a ke n i nt o c ons i de r a t i on. One  of  t he  r e qui r e me nt s  wa s  t he  we l l -be i ng a nd c omf or t  of  
t he  us e r s  of  t he  hous e . T hi s  c onc e r n wa s  t a ke n i nt o a c c ount  by a  c a r e f ul  de s i gn a nd de t a i l  i n 
t e r ms  of  t he r ma l  a nd a c ous t i c  pe r f or ma nc e  of  t he  hous e . 
Anot he r  i mpor t a nt  c onc e r n wa s  r e l a t e d t o t he  e nvi r onme nt a l  i mpa c t s  of  t he  hous e  ove r  i t s  
l i f e  c yc l e , f r om r a w ma t e r i a l  a c qui s i t i on unt i l  t he  e nd-of -l i f e  of  t he  s t r uc t ur e .  
T he s e  a ddi t i ona l  a s pe c t s , whi c h a r e  ma nda t or y i n t he  goa l s  of  a  s us t a i na bl e  c ons t r uc t i on, a r e  
de s c r i be d i n t he  f ol l owi ng s e c t i ons . 
2 T HERM AL BEHAV IOUR OF T HE DW ELLING 
T he  t he r ma l  pe r f or ma nc e  of  t he  dwe l l i ng wa s  e va l ua t e d i n or de r  t o a s s e s s  t he  e f f i c i e nc y of  t he  
bui l di ng i n t e r ms  of  e ne r gy c ons umpt i on. T he  a na l ys i s  wa s  pe r f or me d a c c or di ng t o t he  Por t u-
gue s e  l e gi s l a t i on RCCT E ( 2006)  a nd c ompl e me nt e d by a dva nc e d dyna mi c  t he r ma l  s i mul a t i ons . 
M or e ove r , a  vi a bi l i t y s t udy r e ga r di ng r e ne wa bl e  e ne r gi e s  wa s  a l s o c a r r i e d out  i n or de r  t o i m-
pr ove  t he  pr opos e d s ol ut i on.  
 T hi s  a na l ys i s  i s  f ul l y de s c r i be d i n a  c ompa ni on pa pe r  ( Sa nt os  e t  a l , 2010) ;  he nc e , onl y t he  
ma i n c onc l us i ons  of  t he  a na l ys i s  a r e  pr e s e nt e d i n t hi s  s e c t i on. 
Ac c or di ng t o t he  Por t ugue s e  c ode  of  pr a c t i c e  ( RCCT E, 2006) , s e ve r a l  s c e na r i os  a r e  de f i ne d 
f or  t he  s e ve r i t y of  t he  c l i ma t i c  r e gi on of  Por t uga l . For  t he  ba s i c  s c e na r i o, i t  wa s  a s s ume d t ha t  
t he  dwe l l i ng wa s  bui l t  i n Coi mbr a , a  l oc a t i on i n t he  c e nt r e  of  Por t uga l . 
T he  t he r ma l  t r a ns mi t t a nc e s  va l ue s  us e d i n t hi s  de s i gn not  onl y ve r i f y t he  ma xi mum va l ue s  a l -
l owe d by RCCT E f or  t he  c l i ma t i c  r e gi on of  Coi mbr a , but  a l s o ve r i f y t he  va l ue s  f or  t he  wor s t  
c a s e  s c e na r i o a nd c or r e s pondi ng r e f e r e nc e  va l ue s . T he  s a me  ha ppe ns  i n r e l a t i on t o t he  gl a ze d 
ope ni ngs  t he r ma l  a nd opt i c a l  pr ope r t i e s  r e qui r e d by RCCT E.  
T he  a dopt e d e qui pme nt  f or  a i r  c ondi t i oni ng we r e  HV AC s pl i t  de vi c e s  f or  c ool i ng or  he a t i ng 
l oc a t e d i n t he  ma i n r ooms  of  t he  hous e . It  wa s  f ur t he r  c ons i de r e d t ha t  t he  hous e  wi l l  ha ve  s ol a r  
t he r ma l  c ol l e c t or s  ( 4 m 2 )  i n or de r  t o pr oduc e  dome s t i c  hot  wa t e r . T he s e  s ol a r  c ol l e c t or s  wi l l  be  
s uppor t e d by a  l i qui d f ue l  boi l e r  whe n t he  wa t e r  t e mpe r a t ur e  i s  not  e nough f or  t he  de ma nd. 
T he  de s i gn t ot a l  nomi na l  a nnua l  ne e ds  of  pr i ma r y e ne r gy ( Ntc )  a nd t he  c or r e s pondi ng ma xi -
mum va l ue  (Nt )  a r e  2.39 kge p/ m 2 .ye a r  a nd 5.92 kge p/ m 2 .ye a r , r e s pe c t i ve l y. T he r e f or e , t he  r a t i o 
be t we e n Ntc  a nd Nt  i s  be l ow 50%  a nd t he  e ne r gy e f f i c i e nc y of  t hi s  bui l di ng c oul d be  l a be l l e d 
a s  “ Cl a s s  A” . 
3 ACOUST IC PERFORM ANCE OF T HE DW ELLING 
3.1 Acoustic legal requirements 
T he  a c ous t i c  be ha vi our  of  t he  dwe l l i ng wa s  e va l ua t e d a c c or di ng t o l e ga l  na t i ona l  r e qui r e me nt s . 
T he  t e c hni c a l  a nd f unc t i ona l  a c ous t i c  r e qui r e me nt s  f or  bui l di ngs  i n Por t uga l  a r e  pr ovi de d by 
t he  “ Regulamento de Requisitos Acústicos dos Edifícios”  - RRAE ( 2008) . For  a  s i ngl e  r e s i de n-
t i a l  bui l di ng, t he  a va i l a bl e  l e gi s l a t i on onl y i mpos e s  de ma nds  t o t he  e xt e r na l  f a c a de  of  t he  bui l d-
i ng, wi t h t he  f ol l owi ng r e qui r e me nt s :  
• D2m,nT,w + (C or Ctr)* ≥ 33 dB ( mi xe d a r e a s ) ;  
• D2m,nT,w + (C or Ctr)* ≥ 28 dB ( s e ns i t i ve  a r e a s ) . 
* When the glazed area exceeds 60% of the facade element, the adaptation term Ctr or C must be added to the insulation 
index value, depending on the type of dominant noise issue. 
T he  pr opos e d dwe l l i ng ma y be  bui l t  i n s e ve r a l  l oc a t i ons  a nd i t  ha s  gl a zi ng a r e a s  t ha t  r e pr e -
s e nt  mor e  t ha n 60%  of  t he  f a ç a de . He nc e , t he  wor s t  c a s e  mus t  be  c ons i de r e d wi t h D2m, nT, w + 
Ctr ≥ 33 dB. 
Al t hough not  r e qui r e d i n t he  bui l di ngs  a c ous t i c  l e gi s l a t i on, i n a ddi t i on t o t he  a bove  r e qui r e -
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me nt s , r e qui r e me nt s  f or  a i r bor ne  a nd i mpa c t  s ound i ns ul a t i on be t we e n e nc l os ur e s  we r e  a l s o 
c ons i de r e d. T he s e  r e qui r e me nt s  a r e :  
• DnT,w ≥ 42 dB and L’nT,w ≤ 70 dB, be t w e e n f l oor s ;  
• DnT,w ≥ 40 dB and L’nT,w ≤ 70 dB, be t w e e n r ooms . 
3.2 Estimation of acoustic performance 
T he  r e s ul t s  f or  t he  mos t  i mpor t a nt  s i t ua t i ons  a r e  i ndi c a t e d i n T a bl e  2. T he  s ound i ns ul a t i on pr e -
di c t i on wa s  ba s e d on EN 12354 ( 2000) , us i ng ACOUBAT  s of t wa r e  ( 2001) . T he s e  r e s ul t s  me e t  
t he  l e ga l  r e qui r e me nt s  de s c r i be d i n t he  pr e vi ous  pa r a gr a phs . 
 
T a b le  2.  E stima tio n o f so und  insula tio n b e twe e n r o o ms ( r e fe r e nc e  situa tio ns)  
So ur c e  Re c e iving r o o m  So und  insula tio n ind e x  
O utsid e  Ro o m le ve l 1  ( highe r  gla ss a r e a )  D2m,nT,w + Ctr = 33  d B  
Ro o m le v e l 1  Ro o m le ve l 0  DnT,w = 44 d B  L’nT,w = 66  d B  
Ro o m le ve l 1  Ro o m le ve l 1  DnT,w = 43  d B  L’nT,w = 65  d B  
4 LIFE CYCLE ENV IRONM ENT AL ANALYSIS 
4.1 Description of the approach 
T he  e nvi r onme nt a l  pe r f or ma nc e  of  t he  l i ght -we i ght  s t e e l  hous e  wa s  me a s ur e d us i ng t he  e vol v-
i ng, mul t i -di s c i pl i na r y a ppr oa c h known a s  e nvi r onme nt a l  l i f e -c yc l e  a s s e s s me nt  ( LCA) , f ol l ow-
i ng t he  gui da nc e  on t he  Int e r na t i ona l  St a nda r ds  Or ga ni za t i on 14040 s e r i e s  of  s t a nda r ds  ( 2006)  
a nd t he  c omput e r  pr ogr a m Si ma Pr o v7.0 ( 2008) . Ac c or di ng t o t he  ISO me t hodol ogy, LCA i n-
vol ve s  f our  s t e ps . T he  goa l  a nd s c ope  de f i ni t i on s t e p s pe l l s  out  t he  pur pos e  of  t he  s t udy a nd i t s  
br e a t h a nd de pt h. T he  i nve nt or y a na l ys i s  s t e p i de nt i f i e s  a nd qua nt i f i e s  t he  e nvi r onme nt a l  i nput s  
a nd out put s  ( i nve nt or y f l ows )  a s s oc i a t e d wi t h a  pr oduc t  ove r  i t s  e nt i r e  l i f e  c yc l e . T he  i mpa c t  
a s s e s s me nt  s t e p c ha r a c t e r i ze s  t he  i nve nt or y f l ows  i n r e l a t i on t o a  s e t  of  e nvi r onme nt a l  i mpa c t s , 
a nd f i na l l y t he  i nt e r pr e t a t i on s t e p c ombi ne s  t he  e nvi r onme nt a l  i mpa c t s  i n a c c or da nc e  wi t h t he  
goa l s  of  t he  LCA s t udy.  
T he  goa l  of  t hi s  a na l ys i s  wa s  t o e va l ua t e  t he  e nvi r onme nt a l  pe r f or ma nc e  of  t he  s t e e l  hous e  
ove r  a n a s s ume d s e r vi c e  l i f e  of  50 ye a r s .  
T he  bounda r i e s  of  t he  s ys t e m unde r  a na l ys i s  i nc l ude d a l l  t he  pr oc e s s e s  f r om r a w ma t e r i a l  
e xt r a c t i on a nd ma t e r i a l  pr oduc t i on t o t he  de mol i t i on of  t he  s t r uc t ur e  a nd f i na l  de pos i t i on of  t he  
de mol i t i on wa s t e  –c r a dl e  t o gr a ve  a na l ys i s  – Fi gur e  3.  
 
 
P r oduct i on o f 
ma t er ia ls  
T r a ns por t C ons t r u cti o n Oper a t io n 
Demo l it i on  Tr a ns por t En d s c ena r io 
 
 
Figur e  3 .  Syste m b o und a r y o f the  life  c yc le  a na lysis 
 
Al l  t he  i nve nt or y da t a  ne e de d f or  t he  a na l ys i s  wa s  s uppl i e d by t he  s of t wa r e  Si ma Pr o a s  t hi s  t ool  
i nc l ude s  t he  f ul l  Ec oi nve nt  da t a s e t  ( 2000) . In t hi s  a na l ys i s  a l l  t he  ma t e r i a l  da t a , a pa r t  f r om c ol d-
f or me d s t e e l , wa s  obt a i ne d f r om Ec oi nve nt . Da t a  c ont a i ne d i n e a c h da t a s e t  i nc l ude s  ma t e r i a l  
a nd e ne r gy r e qui r e me nt s  a nd pr oc e s s  e mi s s i ons  f or  t he  pr oduc t i on of  1 kg of  t he  pr oduc t . St e e l  
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da t a  wa s  obt a i ne d f r om t he  W or l ds t e e l  a s s oc i a t i on ( 2000)  ( f or me r  Int e r na t i ona l  Ir on a nd St e e l  
Ins t i t ut e ) . 
T he  i mpa c t  a s s e s s me nt  me t hod us e d i n t hi s  wor k wa s  t he  Ec o-i ndi c a t or  99 ( 2001) . Ec o-
i ndi c a t or  99 i s  a  da ma ge  or i e nt e d me t hod f or  l i f e  c yc l e  a s s e s s me nt . In t hi s  me t hod t he  i nve nt or y 
f l ows  a r e  l i nke d t o t hr e e  da ma ge  c a t e gor i e s :  ( i )  huma n he a l t h, ( i i )  e c os ys t e m qua l i t y a nd ( i i i )  
r e s our c e s . T he  e nd of  t he  e nvi r onme nt a l  a na l ys i s  l e a ds  t o t he  c a l c ul a t i on of  t he  t ot a l  s c or e  
( e ndpoi nt )  f or  t he  t hr e e  da ma ge  c a t e gor i e s . T hi s  l a s t  s t e p i nvol ve s  t he  we i ght i ng a nd nor ma l i za -
t i on pr oc e dur e s . T he  we i ght s  a r e  s e t  f or  t hr e e  c ul t ur e  pe r s pe c t i ve s  ( hi e r a r c hi s t , i ndi vi dua l i s t , 
e ga l i t a r i a n)  ba s e d on a  pa ne l  s ur ve y. In t hi s  s t udy t he  e ga l i t a r i a n pe r s pe c t i ve  wa s  us e d a s  i t  i s  
t he  one  t ha t  t a ke s  a  l onge r  t i me  pe r s pe c t i ve .  
Apa r t  f r om t he  Ec o-i ndi c a t or , a  s i ngl e  i ndi c a t or  wa s  a l s o us e d r e pr e s e nt i ng t he  e mi s s i on of  
gr e e n-hous e  ga s e s  ( i n CO 2  e qui va l e nt s )  ove r  t he  c ompl e t e  l i f e  c yc l e  of  t he  hous e . T hi s  i ndi c a t or  
wa s  nor ma l i z e d by t he  a r e a  of  t he  hous e  ( 164.20 m 2 ) . 
4.2 Life cycle stages 
T he  l i f e  c yc l e  a na l ys i s  c ompr i s e s  a l l  t he  s t a ge s  f r om r a w ma t e r i a l  pr oduc t i on t o t he  e nd-of -l i f e  
of  t he  s t r uc t ur e , a c c or di ng t o Fi gur e  3. T he  a na l ys i s  of  t he  i ni t i a l  s t a ge  of  t he  pr oduc t i on of  ma -
t e r i a l s  wa s  ba s e d on t he  e nvi r onme nt a l  da t a  of  e a c h ma t e r i a l  a nd on t he  bi l l  of  ma t e r i a l s  ne e de d 
f or  t he  c ons t r uc t i on of  t he  hous e .  
T he  ope r a t i on s t a ge  i s  r e l a t i ve  t o t he  i nt e r va l  of  ye a r s  be t we e n t he  c ons t r uc t i on a nd t he  de -
mol i t i on of  t he  s t r uc t ur e  a nd i nc l ude s  a l l  t he  ma i nt e na nc e  ope r a t i ons  t ha t  a r e  ne c e s s a r y ove r  
t hi s  pe r i od. T he  ma i nt e na nc e  i s  us ua l l y e s t i ma t e d ba s e d i n c ommon pr a c t i c e  a nd i n t hi s  c a s e  
s t udy i t  wa s  a s s ume d t ha t  t he  e xt e r na l  wa l l s  we r e  r e c ove r e d e ve r y 20 ye a r s  ( a c c or di ng t o i n-
f or ma t i on f r om t he  s uppl i e r )  a nd i nt e r na l  wa l l s  we r e  r e pa i nt e d e ve r y 20 ye a r s .  
T he  e nd-of -l i f e  s t a ge  i s  pr oba bl y t he  pha s e  mor e  di f f i c ul t  t o qua nt i f y a nd t he r e f or e  s ubj e c t e d 
t o a  hi gh l e ve l  of  unc e r t a i nt i e s , pa r t i c ul a r l y i n bui l di ngs  wi t h a  l ong l i f e  s pa n. Due  t o t he  hi gh 
l e ve l  of  unc e r t a i nt i e s  s c e na r i os  a r e  us ua l l y a dopt e d t o qua nt i f y t he  i nve nt or y da t a  a nd i mpa c t s  
of  t he  di f f e r e nt  c ons t r uc t i on wa s t e  ma t e r i a l s .  
T he  ma t e r i a l  wa s t e  r e s ul t i ng f r om t he  de mol i t i on of  t he  s t r uc t ur e  c a n ha ve  t wo ma j or  de s t i -
ni e s :  e i t he r  t he  r e s ul t i ng ma t e r i a l s  c a n be  r e c yc l e d or  r e us e d or  t he  r e s ul t i ng ma t e r i a l s  a r e  no 
l onge r  us e f ul  a nd s o t he y a r e  s e nt  t o l a ndf i l l  or  t o i nc i ne r a t i on. 
In t hi s  a na l ys i s  t wo e nd-of -l i f e  s c e na r i os  f or  s t e e l  a r e  c ons i de r e d:  ( i )  80%  of  t he  s t e e l  s t r uc -
t ur e  i s  r e c yc l e d a nd ( i i )  90%  of  t he  s t e e l  s t r uc t ur e  i s  r e us e ;  i n e a c h c a s e  a l l  t he  r e ma i ni ng ma t e -
r i a l s  a r e  c ons i de r e d t o be  s e nt  t o a  l a ndf i l l  of  i ne r t  ma t e r i a l s . T a bl e  3 s umma r i ze s  t he  va r i ous  
s c e na r i os  c ons i de r e d. 
 
T a b le  3 .  E nd -o f-life  sc e na r io s 
M a te r ia l  Sc e na r io  1  Sc e na r io  2  
Co nc r e te  C2 5 /3 0  So r ting +  La n d fill  So r ting +  La nd fill  
Ste e l c o ld  fo r me d  Re c y c ling  R e use d  
Ro c k wo o l  La n d fill  La n d fill  
G yp su m b o a r d  La n d fill  La n d fill  
O SB  La n d fill  La n d fill  
Re inf.  ste e l  La n d fill  La n d fill  
E I FS  La n d fill  La n d fill  
4.3 Results of the analysis 
4.3.1 Sc e na r i o 1:  Re c yc l i ng 
In t hi s  s c e na r i o a l l  ma t e r i a l s  e xc e pt  c ol d-f or me d s t e e l  a r e  s e nt  t o a  l a ndf i l l . St e e l  wa s  a s s ume d 
t o be  s e nt  f or  r e c yc l i ng. T he  me t hodol ogy a dopt e d i n t hi s  a na l ys i s , t o a ddr e s s  t he  a l l oc a t i on 
pr obl e m of  s t e e l  s c r a p i n t he  e nd-of -l i f e  s t a ge , i s  t he  c l os e d ma t e r i a l  l oop r e c yc l i ng a ppr oa c h 
de ve l ope d by t he  wor l ds t e e l  a s s oc i a t i on ( 2000) . T hi s  me t hodol ogy wa s  de ve l ope d i n or de r  t o 
ge ne r a t e  LCI da t a  of  s t e e l  pr oduc t s , a c c ount i ng f or  e nd-of -l i f e  r e c yc l i ng. T he  a dopt i on of  a  
c l os e -l oop a ppr oa c h i s  j us t i f i e d by t he  f a c t  t ha t  s c r a p i s  r e -me l t e d t o pr oduc e  ne w s t e e l s  wi t h 
l i t t l e  or  no c ha nge  i n i t s  i nhe r e nt  pr ope r t i e s . In t hi s  c a s e , f ol l owi ng gui da nc e  on ISO s t a nda r d 
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14044, t he  ne e d f or  a l l oc a t i on i s  a voi de d s i nc e  t he  us e  of  s e c onda r y ma t e r i a l  di s pl a c e s  t he  us e  
of  vi r gi n ( pr i ma r y)  ma t e r i a l s .  
Fi gur e  4 i l l us t r a t e s  t he  e mi s s i on of  gr e e n-hous e  ga s e s  ove r  t he  c ompl e t e  l i f e  c yc l e  of  t he  
hous e , c ons i de r i ng t he  e nd-of -l i f e  s c e na r i o 1. T he  uni t  of  t hi s  i ndi c a t or  i s  “ kg CO 2  e qui va l e nt s ” . 
Cons i de r i ng t he  a r e a  of  t he  hous e , t hi s  l e a ds  t o 105 kg CO 2  e qui va l e nt s  / m 2 . 
 
 
 
Figur e  4 .  Flo wc ha r t o f the  life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  1  
 
T he  r e s ul t s  of  Ec o-i ndi c a t or  99 a r e  r e pr e s e nt e d i n Fi gur e s  5 a nd 6, r e s pe c t i ve l y f or  t he  
we i ght i ng r e s ul t s  a nd f or  t he  s i ngl e  s c or e  r e s ul t s . Bot h f i gur e s  s how t he  c ont r i but i on of  t he  c on-
s t r uc t i on s t a ge  t o t he  ove r a l l  r e s ul t  of  t he  l i f e  c yc l e  a na l ys i s . T hi s  s t a ge  c ont r i but e s  wi t h a  ma j or  
pr opor t i on f or  t he  t hr e e  da ma ge s  c a t e gor i e s :  Huma n He a l t h, Ec os ys t e m Qua l i t y a nd Re s our c e s  
 
 
 
Figur e  5 .  W e ighting r e sult o f life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  1  
 
 
 
Figur e  6 .  Single  sc o r e  o f life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  1  
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4.3.2 Sc e na r i o 2:  Re us e  
T he  s e c ond s c e na r i o i s  s i mi l a r  t o t he  pr e vi ous  one , a pa r t  f r om t he  a s s ume d wa s t e  opt i on f or  
c ol d-f or me d s t e e l . In t hi s  s c e na r i o t he  s t e e l  s t r uc t ur e  i s  di s mount a bl e  a nd 90%  of  s t e e l  i s  a s -
s ume d t o be  r e us e d. Fi gur e  7 i l l us t r a t e s  t he  f l owc ha r t  of  t he  c ompl e t e  l i f e  c yc l e  of  t he  s t e e l  
hous e . T he  c l os e -l oop a ppr oa c h r e f e r r e d i n t he  pr e vi ous  c a s e  i s  a l s o us e d i n t hi s  c a s e .  
 
 
 
Figur e  7 .  Flo wc ha r t o f the  life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  2  
 
T he  f l ow-c ha r t  of  Fi gur e  7 r e pr e s e nt s  t he  l i f e -c yc l e  e mi s s i ons  of  CO 2  e qui va l e nt s . In t hi s  
c a s e , t he  e mi s s i on of  gr e e n-hous e  ga s e s  ove r  t he  l i f e  c yc l e  of  t he  hous e  i s  a bout  76 kg CO 2  
e q./ m 2 . 
In t he  s a me  wa y, t he  r e s ul t s  of  t he  Ec o-i ndi c a t or  99 a r e  r e pr e s e nt e d i n Fi gur e s  8 a nd 9, r e -
s pe c t i ve l y f or  t he  we i ght i ng r e s ul t s  a nd f or  t he  s i ngl e  s c or e  r e s ul t s .  
 
 
 
Figur e  8 .  W e ighting r e sult o f life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  2  
 
 
 
Figur e  9 .  Single  sc o r e  o f life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  2  
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4.3.3 Compa r i s on of  s c e na r i os  
Fi gur e  10 c ompa r e s  t he  s i ngl e  s c or e  obt a i ne d f or  e a c h a na l ys i s . Al t hough bot h e nd-of -l i f e  s c e -
na r i os  a r e  c a l c ul a t e d ba s e d on t he  c l os e d-l oop a ppr oa c h, t he r e  i s  a  s ma l l  di f f e r e nc e  i n t he  r e -
s ul t s , s i nc e  t he  r e us e  of  t he  s t e e l  s t r uc t ur e  a voi ds  t he  r e pr oc e s s i ng of  s t e e l  f r om s c r a p. In f a c t , 
t he  r e us e  of  s t e e l  c or r e s ponds  t o a  “ pur e ”  c l os e -l oop. 
 
 
Figur e  1 0 .  Single  sc o r e  o f life  c yc le  a na lysis r e ga r d ing e nd -o f-life  sc e na r io  1  a nd  e nd -o f-life  sc e na r io  2  
5 CONCLUDING REM ARK S 
T he  e s t i m a t e d nomi na l  c os t  f or  t he  c ons t r uc t i on of  t hi s  r e s i de nt i a l  l i ght -s t e e l  bui l di ng i s  a bout  
550 €/ m 2  ( V AT  not  i nc l ude d) , whi c h s hows  t he  c ompe t i t i ve ne s s  of  t he  s ol ut i on i n c ompa r i s on 
wi t h t he  t y pi c a l  t r a di t i ona l  c ons t r uc t i on. Ne ve r t he l e s s , de s pi t e  be i ng a  c ons t r uc t i on s ys t e m wi t h 
a  l owe r  pr i c e , i t  doe s  not  me a n t ha t  t he  qua l i t y s t a nda r ds  a r e  l owe r  a s  we l l . As  i t  wa s  de s c r i be d, 
t he  s ol ut i on wa s  pr ope r l y de t a i l e d i n or de r  t o a c hi e ve  hi gh qua l i t y s t a nda r ds  wi t h r e s pe c t  t o 
t he r ma l  a nd a c ous t i c  be ha vi our , c ont r i but i ng t o t he  we l l -be i ng of  t he  us e r s . M or e ove r , t he  pr o-
pos e d s ol ut i on pr ovi de s  a n a da pt a bl e  s ys t e m t o f ut ur e  de ma nds  of  t he  f a mi l y t ha t  e na bl e s  t o e x-
t e nd t he  s e r vi c e  l i f e  of  t he  s t r uc t ur e  be yond t he  pe r i od of  50 ye a r s  a s s ume d i n t hi s  a na l ys i s . Al l  
t he s e  f e a t ur e s  a r e  i ndi c a t or s  of  a n e f f i c i e nt  s ol ut i on i n t he  c ont e xt  of  a  s us t a i na bl e  c ons t r uc t i on 
s ys t e m. 
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1 INT RODUCT ION 
Ove r  r e c e nt  ye a r s , bui l di ng a nd ur ba n r e qua l i f i c a t i on pol i c i e s  ha ve  pr ogr e s s i ve l y l e d t o a n i n-
c r e a s e  i n t he  i mpor t a nc e  of  i nt e r ve nt i ons  f or  i mpr ovi ng t he  e ne r gy pe r f or ma nc e s  of  bui l di ngs .  
T hi s  i s  undoubt e dl y due  t o t he  de ve l opme nt  of  mor e  wi de s pr e a d s e ns i t i vi t y a nd a wa r e ne s s  of  
t he  ne e d t o c ombi ne  t he  obj e c t i ve s  of  pr ot e c t i on, c ons e r va t i on a nd pr omot i on of  t he  e xi s t i ng 
bui l di ng he r i t a ge  wi t h t he  pr obl e ms  of  s us t a i na bl e  ma na ge me nt  of  t he  e nvi r onme nt . 
On t he  ot he r  ha nd, t he  a da pt a t i on of  l e gi s l a t i on ha s  c ont r i but e d t o c ons ol i da t i ng t hi s  t r e nd on 
a n i nt e r na t i ona l  l e ve l  a nd, i n pa r t i c ul a r , Eur ope a n di r e c t i ve s  on e ne r gy s a vi ng a nd pr ot e c t i on of  
t he  e nvi r onme nt . T he  i nt r oduc t i on of  t he  pr i nc i pl e  of  “ s us t a i na bl e  de ve l opme nt ”  ba s e d on t he  
i nt e r de pe nde nc y of  a l l  t he  a c t i ons  t ha t  i nf l ue nc e  t he  s t a bi l i t y of  t he  e nvi r onme nt a l  s ys t e m, ha s  
de c i s i ve l y wi de ne d t he  di s c i pl i na r y bounda r i e s  of  t hi s  r e s e a r c h s e c t or , r a di c a l l y modi f yi ng 
s t r a t e gi e s  a nd i nt e r ve nt i on mode l s .  
One  of  t he  ma i n i nnova t i ve  f a c t or s  c ons i s t s  of  a  gl oba l  s t r a t e gy t ha t  ha s  be e n put  i n pl a c e  f or  
t he  pr ot e c t i on of  t he  e nvi r onme nt  a s  a  c ons t a nt  r e f e r e nc e  poi nt  i n a l l  a c t i ons  f or  t he  c ont a i n-
me nt  of  e ne r gy c ons umpt i on, pr ovi di ng i nc e nt i ve s  f or  t he  us e  of  r e ne wa bl e  e ne r gy a nd t he  r e -
duc t i on of  s our c e s  of  pol l ut i on a nd a l t e r a t i on of  t he  e c os ys t e m. T he  pol i c y of  i mpl e me nt i ng t he  
a c t i ons  gr a dua l l y, a c c or di ng t o t he  de gr e e  of  we a l t h a nd t he  de ve l opme nt  r e qui r e me nt s  of  t he  
di f f e r e nt  a r e a s  of  t he  wor l d, ha s  a l s o ma de  i t  pos s i bl e  t o i nvol ve  a  s i gni f i c a nt  numbe r  of  c oun-
t r i e s  i n obj e c t i ve s  ( s uc h a s  r e duc i ng gr e e nhous e  ga s  e mi s s i ons )  t ha t  c a n onl y be  r e a c he d i f  pur -
s ue d on a  gl oba l  s c a l e . 
W i t h a n e s t i ma t e d 40%  of  t he  ove r a l l  pr i ma r y e ne r gy r e qui r e me nt  be i ng us e d, on a  Eur ope a n 
l e ve l , t he  bui l di ng i ndus t r y ha s  a  de c i s i ve  r ol e  i n c ons umpt i on r e duc t i on pol i c i e s . For  a  numbe r  
of  ye a r s  now t he  Eur ope a n Uni on ha s  be e n ma ki ng c ons i s t e nt  c ont r i but i ons  t o f undi ng r e s e a r c h 
i n t he  f or m of  va r i ous  pr ogr a mme s  f oc us i ng on s us t a i na bi l i t y;  a s  pa r t  of  t he s e  pr ogr a mme s  nu-
me r ous  pr oj e c t s  ha ve  be e n i mpl e me nt e d a i me d a t  t he  de ve l opme nt  of  ne w t e c hnol ogi e s  f or  c on-
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ABST RACT :  T hi s  pa pe r  pr e s e nt s  s ome  r e s ul t s  a c hi e ve d i n t he  r e s e a r c h pr oj e c t  “SuRE-FIT: 
Sustainable Roof Extension Retrofit for High-Rise Social Housing in Europe” de ve l ope d, f r om 
2006 t o 2008, by 16 pa r t ne r s  f r om 9 Eur ope a n Count r i e s  wi t hi n t he  Pr ogr a mme  Int e l l i ge nt  En-
e r gy Eur ope  ( 6 th  Fr a me wor k Pr ogr a mme ) . T hr ough a n Int e r na t i ona l  s ur ve y of  be s t  pr a c t i c e s , a  
de e p knowl e dge  e xc ha nge  a nd a  s ynt he s i s  of  c a s e  s t udi e s  a nd pi l ot  de s i gn pr oj e c t s , t he  SuRE-
Fi t  pr oj e c t  a na l ys e d t he  oppor t uni t i e s  gi ve n by a  pr of i t a bl e  r e f ur bi s hme nt  of  r oof -t ops , i n pa r -
t i c ul a r  t o i ns ul a t e  t he  bui l di ng, t o e nl a r ge  t he  dwe l l i ngs , t o i nc l ude  i nnova t i ve  i ns t a l l a t i ons  a nd 
t o s ugge s t  f or  ne w c ommon f a c i l i t i e s . T he  pa pe r  i s  f oc us e d on a  Pi l ot  Pr oj e c t , ba s e d on t he  r e -
s e a r c h c onc e pt s , de ve l ope d by t he  t wo It a l i a n pa r t ne r s :  Ipos t udi o Ar c hi t e c t s  a nd t he  M uni c i pa l -
i t y of  Fl or e nc e . T he  pr oj e c t  t ook t he  c ha nc e  of  t he  r e f ur bi s hme nt  of  a n e xi s t i ng s oc i a l  hous i ng 
bl oc k t o i mpr ove  bot h t he  t e c hni c a l  a nd e ne r gy pe r f or ma nc e s  c ons i de r i ng t he  e xpe c t a t i on of  i n-
ha bi t a nt s  i n t e r ms  of  s a f e t y, he a l t h a nd s oc i a l  be ne f i t s . .  
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t a i ni ng c ons umpt i on, t he  us e  of  s our c e s  of  r e ne wa bl e  e ne r gy a nd t he  i mpr ove me nt  of  t he  e ne r gy 
e f f i c i e nc y of  bui l di ngs . T he  l e gi s l a t i on ha s  a l s o e vol ve d de c i s i ve l y, i nt r oduc i ng a n i nc r e a s i ngl y 
hi gh numbe r  of  pr e s c r i pt i ve  pr ovi s i ons  i n mos t  c ount r i e s  i n t he  EU. 
T he s e  a nd ot he r  pr opul s i ve  f a c t or s  – not  l e a s t  a n i nc e nt i ve  pol i c y t ha t  ha s  e nc our a ge d t he  i n-
c r e a s e  i n de ma nd a nd c ons e que nt  c ons ol i da t i on of  a  s pe c i f i c  ma r ke t  s e gme nt  – ha ve  l e d t o 
mode l s , s t r a t e gi e s  a nd s ys t e ms  be i ng de ve l ope d a r ound t he  pr i nc i pl e  of  s us t a i na bi l i t y us i ng t he  
di ve r s i t y i n a ppr oa c he s  a s  a  me a ns  of  opt i mi s i ng t he  wi de  r a nge  of  s ol ut i ons  t ha t  c a n be  c a r r i e d 
out  us i ng t he  i nnova t i ve  ma t e r i a l s  a nd a dva nc e d t e c hnol ogi e s  now a va i l a bl e  on t he  ma r ke t . 
T he  c ommon e l e me nt  t ha t  c ha r a c t e r i s e s  t he  di f f e r e nt  s ys t e ms  i s  a n a ppr oa c h ba s e d on t he  
e va l ua t i on of  t he  ove r a l l  e ne r gy be ha vi our  of  t he  bui l di ng wi t h t he  a i m of  a dopt i ng a l l  t he  s ol u-
t i ons  t ha t  i mpr ove  e ne r gy e f f i c i e nc y. As  we l l  a s  t he  i ns t a l l a t i ons  ( ga s , e l e c t r i c , wa t e r ) , t he  f ul -
f i l me nt  of  t hi s  r e qui r e me nt  de pe nds  l a r ge l y on t he  pe r f or ma nc e s  of  t he  e xt e r na l  c l os ur e s  of  t he  
bui l di ng, t ha t  i s  t he  c ombi na t i on of  c ons t r uc t i on e l e me nt s  t ha t  s e pa r a t e  t he  i nt e r na l  s pa c e s  f r om 
t he  e xt e r na l  e nvi r onme nt  a nd c ons t i t ut e  t he  ma i n c a r r i e r  of  he a t  e xc ha nge  phe nome na .  
T he  e f f i c i e nc y of  t he  c l i ma t e  c ont r ol  s ys t e ms  a nd, t he r e f or e , t he  r e duc t i on i n c ons umpt i ons , 
de pe nds  on t he  a bi l i t y of  t he  e nve l ope  t o r e gul a t e  t he  dyna mi c s  of  s uc h phe nome na  bot h pa s -
s i ve l y, by a l l e vi a t i ng or  a c c e nt ua t i ng t he  t r a ns f e r  of  he a t  e ne r gy t o a nd f r om t he  i ns i de , a nd a c -
t i ve l y, by r e gul a t i ng or  ge ne r a t i ng f l ow dyna mi c s . In f a c t , t he  c ont r i but i on of  t he  e xt e r na l  wa l l s  
t o r e gul a t i ng he a t  e xc ha nge  a l l ows  t he  a c t i on c a r r i e d out  by t he  i ns t a l l a t i ons , t o be  opt i mi s e d, 
i nt e gr a t e d a nd, i n s ome  c a s e s , r e pl a c e d. 
In bui l di ngs  c ons t r uc t e d j us t  a f t e r  t he  e nt r y i nt o f or c e  of  La w 363 i n 1976, t he  f i r s t  l e gi s l a -
t i on i s s ue d i n It a l y on e ne r gy s a vi ng, t he  t e c hni c a l  c ha r a c t e r i s t i c s  of  e xt e r na l  c l os ur e  s ys t e ms  
gua r a nt e e  ge ne r a l l y a c c e pt a bl e  he a t  i ns ul a t i on pe r f or ma nc e s  a l t hough, i n ma ny c a s e s , t he  s ol u-
t i ons  us e d r e s pe c t  t he  r e l e va nt  l e gi s l a t i on but  do not  gua r a nt e e  opt i ma l  c ondi t i ons  of  c omf or t  
( i n pa r t i c ul a r  r e ga r di ng hygr ome t r i c  c ondi t i ons , ve nt i l a t i on a nd i ns ul a t i on f r om he a t  l oa ds  i n 
t he  s umme r  mont hs ) . 
In t he  r e s t  of  t he  e xi s t i ng he r i t a ge , pa r t i c ul a r l y t ha t  bui l t  be t we e n t he  pos t -wa r  ye a r s  a nd t he  
e a r l y 1970s  – ma i nl y t o f ul f i l  qua nt i t y r e qui r e me nt s  ur ge nt l y – t he  bui l di ng s ol ut i ons  us e d a nd 
t he  wi de s pr e a d de gr a da t i on c ondi t i ons  l e d t o ve r y poor  e ne r gy e f f i c i e nc y i n bui l di ngs . 
T he r e f or e  t he  c ont r i but i on t o l owe r i ng c ons umpt i ons  i s  e xt r e me l y i mpor t a nt  a nd c a n c ome  
f r om t he  i nt r oduc t i on of  a l l  t he  i nnova t i ve  a c t i ons  a nd t e c hnol ogi e s  t ha t  a l l ow t he  e ne r gy pe r -
f or ma nc e  of  t he  bui l di ngs  t o be  i mpr ove d, i n t he  r e qua l i f i c a t i on pr ogr a mme s  of  t he  e xi s t i ng 
bui l di ng he r i t a ge . Int e r ve ni ng wi t h a ppr opr i a t e  t e c hnol ogi e s  a nd c ohe r e nt  s ol ut i ons  c a n a l s o be -
c ome  a n oppor t uni t y f or  ope r a t i ons  of  i nc r e a s e d i mpor t a nc e  a i me d a t  t he  a r c hi t e c t ur a l , a s  we l l  
a s  f unc t i ona l , r e qua l i f i c a t i on, of  t he  s ubur bs  a nd i nt e ns e l y popul a t e d di s t r i c t s . 
T he  r e s e a r c h pr oj e c t  “SuRE-Fit: Sustainable Roof Extension Retrofit for High-Rise Social 
Housing in Europe” de ve l ope d, f r om 2006 t o 2008, by 16 pa r t ne r s  f r om 9 Eur ope a n c ount r i e s  
wi t hi n t he  Pr ogr a mme  Int e l l i ge nt  Ene r gy Eur ope  ( 6 th  Fr a me wor k Pr ogr a mme )  c onc e nt r a t e d on 
t he s e  t he me s . 
2 T HE SURE-FIT  PROJ ECT  
2.1 Research objectives 
La r ge  s c a l e d e f f or t s  t o r e f ur bi s h t he  s oc i a l  hous i ng bui l di ng s t oc k i mpr ovi ng i t s  e ne r gy e f f i -
c i e nc y r e qui r e s  f or  ma j or  f i na nc i a l  r e s our c e s  not  e a s i l y a va i l a bl e . Ene r gy ne ut r a l , i ndus t r i a l  a nd 
f l e xi bl e  r oof -t op e xt e ns i on r e t r of i t  ha s  be e n pr ove n a s  a  vi a bl e  s ol ut i on, bot h t e c hnol ogi c a l l y 
a nd f i na nc i a l l y. Roof -t op e xt e ns i on r e t r of i t  c ombi ne s  e ne r gy-s a vi ng me a s ur e s  wi t h s oc i a l , e c o-
l ogi c  a nd e c onomi c  a dva nt a ge s .  
T he  ma i n a i ms  of  r e s e a r c he s  a nd e xpe r i e nc e s  c a r r i e d out  i n t hi s  f i e l d, we r e  t o s ynt he s i s e  c ut -
t i ng e dge  t e c hnol ogi e s  of  r oof  t op e xt e ns i on r e t r of i t  a nd t o de ve l op pr oc e s s  mode l s  a nd gui de -
l i ne s  f or  br oa de r  i mpl e me nt i ng i nnova t i ve  s ol ut i ons . 
T he  r e s e a r c h pr oj e c t  SuRE-FIT  a i me d t o:  
−  c ons ol i da t e  t he  e xi s t i ng c ut t i ng e dge  t e c hnol ogi e s  a nd be s t  pr a c t i c e s  of  r oof  t op e xt e ns i on 
r e t r of i t  i n Eur ope  f or  br oa de r  i mpl e me nt i ng t he  pr oduc t i on of  s ys t e m a nd c ompone nt  a  
gr e a t e r  di s s e mi na t i on of  f e a s i bl e  de s i gn s ol ut i ons ;  
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−  pr omot i ng t he  a ppl i c a t i on a nd i nt e gr a t i on of  s ma l l -s c a l e  RES i ns t a l l a t i ons , pa r t i c ul a r l y 
PV  pa ne l s , t o i mpr ove  t he  e ne r gy e f f i c i e nc y of  hi gh-r i s e  bui l di ngs  a nd l a r ge  hous i ng 
s t oc ks .   
T he  r e s e a r c h a ppr oa c h ha s  be e n ba s e d on t he  a na l ys i s  of  e xi s t i ng c a s e s  ( e .g. i n De nma r k, 
Swe de n, t he  Ne t he r l a nds , Ge r ma ny, e t c )  pr opos i ng, i n pa r a l l e l , ne w r oof -t op e xt e ns i on r e t r of i t  
pi l ot  pr oj e c t s  i n ot he r  Count r i e s  ( a s  It a l y, Fr a nc e , Pol a nd, Cze c h Re publ i c , e t c ) . T he  e xpe r t s ’  
t e a mwor k wa s  or ga ni s e d i n t wo gr oups  de e pe ni ng bot h t he  a r c hi t e c t ur e / e ngi ne e r i ng t e c hni c a l  
i s s ue s  a nd t he  f i na nc i a l  a nd i ns t i t ut i ona l  ma i n i mpl i c a t i ons .  
T he  pr oj e c t  SuRE-FIT  a na l ys e d t he  oppor t uni t i e s  gi ve n by a  pr of i t a bl e  r e f ur bi s hme nt  of  
r oof t ops , i n pa r t i c ul a r  t o i ns ul a t e  t he  bui l di ng, t o e nl a r ge  t he  dwe l l i ngs , t o i nc l ude  i nnova t i ve  
i ns t a l l a t i ons  a nd t o s ugge s t  f or  ne w c ommon f a c i l i t i e s . 
2.2 Improving quality and energy performances of existing buildings 
T he  SuRE-FIT  pr oj e c t  t ook t he  c ha nc e  of  a  t e c hni c a l  a nd e ne r gy i mpr ove me nt  of  t he  e xi s t i ng 
s oc i a l  hous i ng bl oc ks  t o modi f y t he i r  ove r a l l  a ppe a r a nc e . T he  he t e r oge ne ous  a nd s e ns i t i ve  c on-
di t i on of  t he  e xi s t i ng hous i ng bl oc ks  a s ks  f or  a  pr ope r  t e c hni c a l  a s s e s s me nt  t o a s s e s s  t he i r  i m-
pr ove me nt  pot e nt i a l  a nd t he  c r i t i c a l  poi nt s . 
T he  r e f ur bi s hme nt  of  r e s i de nt i a l  a r e a s  c a nnot  be  s e pa r a t e d f r om t he  e xpe c t a t i on of  bot h i n-
ha bi t a nt s  a nd ma na ge r s  i n t e r ms  of  s a f e t y, he a l t h a nd s oc i a l  be ne f i t s . 
T he  r oof  t op e xt e ns i on wi l l  e nha nc e  t he  ove r a l l  a ppe a r a nc e  of  bui l di ngs , t he  f a ç a de s  wi l l  be  
r e ne we d, i mpr ovi ng i n pa r a l l e l  i ns ul a t i on, wi ndows  a nd f r a me s . Ent r a nc e , e l e va t or s  a nd s t a i r -
we l l s  wi l l  be  upgr a de d i n or de r  t o i nc r e a s e  a c c e s s i bi l i t y, s oc i a l  we l l -be i ng a nd s a f e t y.  
T hi s  s ha pe s  be t t e r  l i vi ng c ondi t i ons  of  c i t i ze ns  i n ur ba n r e s i de nt i a l  a r e a s , wi t h a  hi ghe r  i n-
vol ve me nt  of  a nd r e s pons i bi l i t y f or  i nha bi t a nt s . W i t hout  t he  a gr e e me nt  of  c i t i ze ns  a nd l oc a l  a u-
t hor i t i e s  t he  bui l di ng r e f ur bi s hme nt  doe s n’ t  s t a nd a  c ha nc e , a c c or di ng t o t hi s  t he  SuRE-Fi t  a p-
pr oa c h i nc l ude  de s i gn a nd de c i s i on pa r t i c i pa t i on s t r a t e gi e s , s e a r c hi ng f or  a  r e a l  knowl e dge  
s ha r i ng  be t we e n t e c hni c i a ns , t e na nt s  a nd l oc a l  a dmi ni s t r a t i ons .  
T he  e ne r gy pe r f or ma nc e  of  e xi s t i ng s oc i a l  hous i ng bl oc ks  i s  ge ne r a l l y poor , ma i nl y be c a us e  
of  t he  s hor t  i ns ul a t i on of  r oof t ops  a nd f a c a de s , t he  l ow pe r f or ma nc e  of  e xi s t i ng s e r vi c e s  f or  
he a t i ng, ve nt i l a t i on a nd wa r m wa t e r . T he  SuRE-FIT  e ne r gy pe r f or ma nc e  i ndi c a t or s  i nc l ude  a n 
i mme di a t e  r e duc t i on of  e ne r gy us e  by f os s i l  r e s our c e s  of  50%  f or  t he  e xi s t i ng bui l di ng. T he  
ne w dwe l l i ng uni t s  wi l l  be  e ne r gy-ne ut r a l , us i ng 100%  r e ne wa bl e  e ne r gy s our c e s . Ene r gy us e  
of  t he  ne w dwe l l i ngs  on t op wi l l  be  ze r o. T he  e xi s t i ng hous e s  ( be l ow t he  ne w one s )  wi l l  ha ve  a  
r e duc t i on on e ne r gy us e  of  30 t o 50% .  
In Eur ope  t he  pot e nt i a l  of  e ne r gy r e duc t i on by t hi s  pr opos a l  c a n be  e s t i ma t e d i nt o 520 M e t a -
J oul e , wi t h a  de c r e a s e  on CO 2  e mi s s i on of  10.000 M e ga  t on CO 2 . M a t e r i a l  s a vi ngs  by a ppl yi ng 
SuRE-FIT  a r e  a l s o s i gni f i c a nt :  s t a nda r di s e d c ompone nt s  s a ve  ma t e r i a l  us e  up t o t he  30% , bot h 
i nc r e a s i ng t he  oppor t uni t i e s  f or  t he  r e -us e  of  s ys t e ms  a nd c ompone nt s .  
T he  wor k done  ove r  e xi s t i ng bui l di ng bl oc ks  e xt e nds  t he  bui l di ngs  l i f e s pa n, r e duc e s  de mol i -
t i on wa s t e s , s uppor t s  t he  us e  of  l i ght we i ght  ma t e r i a l , doe s n’ t  a s k f or  ne w f ounda t i ons  a nd i t  
c oul d be  t he  c ha nc e  of  i mpr ovi ng t he  s e i s mi c  r e s i s t a nc e  of  a l l  t he  bui l di ng, t hr ough mode r n 
s t r uc t ur a l  me a s ur e s . 
2.3 Market opportunities for a SuRE-FIT approach 
In s pi t e  of  a  r e s e a r c h f or  homoge ne ous  pr ot oc ol s , e a c h r e f ur bi s hme nt  pr oj e c t  ha s  i t s  own s pe -
c i f i c  f e a t ur e s , r e qui r e me nt s  a nd s oc i a l  be ha vi our ;  t hi s  l a c k of  pr oj e c t s  wi t h l a r ge  s i ze  a nd s c ope  
pr e ve nt e d t he  bui l di ng i ndus t r y f r om a t t a i ni ng t he  e c onomi e s  of  s c a l e  ne e de d f or  l owe r i ng t he  
r e s our c e  r e qui r e me nt s  pe r  uni t  of  i nnova t i ve  r e f ur bi s hme nt  pl a ns . W i t hout  s t a nda r di s a t i on a nd 
r e pe t i t i ons  t he  oppor t uni t i e s  f or  a  gr e a t e r  us a ge  of  pr e f a br i c a t e d pa r t s / i ndus t r i a l i s a t i on a r e  l i m-
i t e d a nd t he  e c onomi c a l  f e a s i bi l i t y of  e a c h pr oj e c t  s t a nds  mor e  on pr ope r l y de s i gni ng a nd pl a n-
ni ng t he n on i ndus t r i a l  pr oduc t i on.  
Re f ur bi s hme nt  c ont r a c t or s  ha ve  hi t he r t o i n t he  ma i n, be e n t oo s ma l l  a nd l owl y c a pi t a l i s e d;  
howe ve r  l a r ge r -s i ze d c ont r a c t or s  a r e  r a pi dl y movi ng i nt o t hi s  ki nd of  ma r ke t , i n r e s pons e  t o t he  
s hr i nki ng ne w-bui l d a s s e t  a nd t he  hi ghe r  t e c hnol ogi c a l  de ma nds  of  l a r ge -s c a l e  r e f ur bi s hme nt  
pr oj e c t s .  
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In ma ny Eur ope a n c i t i e s  t he r e  i s  s t i l l  a  hous i ng s hor t a ge  a nd s ome  ot he r  Count r i e s  s how a  
qua l i t a t i ve  de f i c i e nc y, t he  SuRE-FIT  c r e a t e s  ne w dwe l l i ng uni t s  i nc r e a s i ng t he  e xi s t i ng s oc i a l  
hous i ng s t oc k, wi t h a  ge ne r a l  obj e c t i ve  of  20%  m 3  mor e , t ha t  c a n be  us e  t o e nl a r ge  t he  dwe l l -
i ngs  i n numbe r  or  s i ze . T hi s  a dde d f l oor  s pa c e  s ol ve s  a  ma j or  pr obl e m f or  hous i ng c ompa ni e s  
a nd l oc a l  a ut hor i t i e s , i n pa r t i c ul a r  f i na nc i ng t he  gr owi ng r e qui r e me nt  f or  s us t a i na bi l i t y a nd e n-
e r gy e f f i c i e nc y.  
T he  SuRE-FIT  a ppr oa c h c ombi ne s  mor e  f r e e dom of  c hoi c e  be t we e n f a c t or y-ma de , i nt e r -
c ha nge a bl e  bui l di ng c ompone nt s  ( t hr ough a n i ndus t r i a l i ze d a nd f l e xi bl e  de s i gn a nd pr oduc t i on 
of  r oof  t op e xt e ns i ons )  t oge t he r  wi t h s e ve r a l  s t r a t e gi c  c onc e pt  s ol ut i ons  t ha t  c a n be  a s s e mbl e d 
a c c or di ng t o t he  s pe c i f i c  l oc a l  t a r ge t  of  bui l di ngs  a nd c l i e nt s .  
It a l i a n bui l di ng ma r ke t  i s  now s howi ng a  l a r ge  s l owdown due  t o t he  c r i s i s ;  on t he  ot he r  ha nd, 
t he  r e f ur bi s hme nt  f i e l d c oul d ha ve  a  s l ow gr owi ng up t ha nks  t o t he  gove r nme nt  i nc e nt i ve s  unt i l  
2010, a ddi ng ne w f i na nc i ng f or  t he  e ne r gy s a vi ngs .  
Some  c r i t i c a l  f e a t ur e s  a f f e c t  t he  br oa d a f f or da bi l i t y of  r oof i ng r e t r of i t  a ppr oa c h, dr i vi ng t o-
wa r ds  s pe c i f i c  t a r ge t  gr oups  a nd bui l di ng t ypol ogi e s ;  t he s e  f i l t e r i ng a s pe c t s  c a n be  s umma r i s e d 
i n f our  poi nt s . 
− T he  l oc a l  s e i s mi c  c ondi t i ons , t ha t  f or c e  t he  s t r uc t ur a l  bui l di ng de s i gn t o c ompul s or y na -
t i ona l  l a ws  a bout  s t a nda r ds , bot h f or  r e f ur bi s hme nt s  a nd ne w c ons t r uc t i ons . T hi s  e a r t h-
qua ke s  r i s k a s k f or  c a ut i ons  whe n a s s e s s i ng or  modi f yi ng t he  e xi s t i ng s t r uc t ur a l  pe r f or m-
a nc e s , wi t h t he  ne e d of  c a r e f ul  a na l ys i s  a nd c ommonl y s ugge s t i ng not  t o f i t  ne w we i ght s  i n 
t op of  t he  bui l di ng. T hi s  ba r r i e r  t o t he  us e  of  a  SuRE-FIT  s t r a t e gy c oul d be  ove r c ome , a s  
a n e xa mpl e , whe r e  t he  e xi s t i ng bui l di ng s t oc k ne e d f or  a  s t r uc t ur a l  upgr a di ng, whe r e  t he  
ne w r oof i ng t a ke s  t he  pl a c e  of  a  de mol i s he d one  or  whe r e  t he  bui l di ng t op i s  a n a ut ono-
mous  pa r t  of  a  ne w e xt e r na l  s t r uc t ur e . 
− T he  l oc a l  r e gul a t i on a bout  t he  s a f e gua r d of  t he  bui l di ng he r i t a ge , t ha t  us ua l l y f or bi d t he  
r a i s i ng of  bui l di ngs  i n t he  c i t y c e nt r e s , t he  c ha nge  i n t he  r oof i ng pi t c he s  or  t he  ope ni ng of  
ne w wi ndows . On t he  ot he r  ha nd a r e  ge ne r a l l y a l l owe d t he  r i s i ng of  t he  10% , i f  j oi ni ng 
a nd not  e xc e e di ng t he  r oof i ng l e ve l  of  t he  bui l di ngs  ne a r by, ma i nl y i f  t he  ne w vol ume  i s  
a n e nl a r ge me nt  of  t he  e xi s t i ng a pa r t me nt  wi t hout  a ny ne w hous i ng uni t  ( t hi s  t o a voi d a n 
i nc r e a s e  i n t he  “ ur ba n”  c ha r ge  of  t he  bui l di ng) . T he  mos t  i mpor t a nt  hi s t or i c a l  c i t y c e nt r e s  
( i .e . M i l a n a nd T ur i n)  a r e  now de ve l opi ng s pe c i f i c  r e gul a t i ons  a bout  t he  us e , ma i nt e na nc e  
a nd upgr a di ng of  r oof s  be c a us e  i t  ha s  t o be  de e pl y c he c ke d a nd gui de d t he  us e  of  bui l di ng 
t ops  whe r e  t he  s q.m c os t  of  t he  c e nt r a l  a r e a s  i nc r e a s e  t he  s pe c ul a t i ons . 
− T he  e xi s t i ng bui l di ng ma r ke t  s uppor t  mor e  a nd mor e  l a r ge  e nt e r pr i s e s , a bl e  t o ma na ge  
l a r ge  e s t a t e , t o pr opos e  a nd us e  i nnova t i ve  s ys t e ms  a nd c ompone nt s  a nd t o e ns ur e  de f i ni t e  
s c he dul i ng, t i me  a nd c os t  t o t he  c l i e nt . Bui l di ng c or por a t i ons  wi t h a  bi l l i ng be t we e n 10 
a nd 30 bi l l i on of  Eur os  ha ve  a  gr owt h of  2,6%  a nd l a r ge r  one s  ( be t we e n 60 a nd 200 bi l l i on 
of  Eur os )  de ve l op mor e  of  t he  11% . Unf or t una t e l y t he  t ypi c a l  It a l i a n bui l di ng f i r m i s  
r e a l l y s ma l l  ( t ur nove r  <  10 bi l l i on) , wi t h a n e xpe c t e d i mpr ove me nt  of  l e s s  of  t he  0,8%  
( wi t h a  na t i ona l  i nf l a t i on of  4,6% ) . 
− Ene r gy pr i c e s  a r e  a  ke y de t e r mi na nt  of  t he  a t t r a c t i ve ne s s  of  e ne r gy e f f i c i e nc y i nve s t me nt s  
a nd f i na nc i a l  i nc e nt i ve s  a r e  c ommonl y l i nke d wi t h t he  ne e d of  a n a f f or da bl e  e ne r gy s a vi ng 
c e r t i f i c a t i on a nd r e qui r e me nt s . T he  i nc or por a t i on of  e ne r gy e f f i c i e nc y me a s ur e s   ge ne r a t e  
a n i mme di a t e  f i na nc i a l  r e t ur n f or  r e f ur bi s hme nt  wor ks , i nc r e a s i ng t he i r  f i na nc i a l  a c c e pt -
a bi l i t y, pr ovi di ng a ddi t i ona l  f i na nc i a l  “ pul l ”  on bui l di ng r a t e s  a nd pus hi ng t he  Eur ope a n 
e ne r gy s a vi ng pol i c i e s . T he  It a l i a n Le gi s l a t i ve  De c r e e  192/ 05 i s  bor n i n t hi s  f r a me wor k 
a nd i t  f i xe s  s ome  na t i ona l  s t a nda r d a s :  hi ghe r  l e ve l  of  i ns ul a t i on f or  ne w a nd e xi s t i ng 
bui l di ngs , pr omot i on of  s ys t e ms  a nd i ns t a l l a t i on wi t h a  gr e a t e r  e f f i c i e nc y, pr ovi s i on of  a  
c ompul s or y e ne r gy c e r t i f i c a t i on f or  bui l di ngs  t ha t  ha ve  t o be  c ons t r uc t e d or  s ol d, r a t i ona l i -
s a t i on i n c he c ki ng he a t i ng s ys t e ms , t o f os t e r  a  br oa d a ppl i c a t i on of  t he  e ne r gy a s s e s s me nt . 
T he s e  e l e me nt s  ha ve  t o be  i nt e r f a c e d wi t h t he  e xi s t i ng de s i gn oppor t uni t i e s , c ha ngi ng t he  
c ommon bui l di ng pr oc e dur e s  a nd f or c i ng de s i gne r  a nd, mos t  of  a l l , t he  bui l di ng c ompa -
ni e s  t o a ppl y a  ne wl y a ppr oa c h t o c ur b c os t s  a nd t i me s . 
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2.4 The SuRE-FIT proposal 
T he  SuRE-FIT  pr oj e c t  pr opos a l  a i ms  t o e va l ua t e  t he  pot e nt i a l  of  s ol ut i ons  t ha t  f or e s e e  t he  
he i ght  r a i s i ng a nd e xt e ns i on of  s ome  t ype s  of  bui l di ngs , i nc r e a s i ng not  onl y t he  numbe r  of  
f l oor s  but , a bove  a l l , t he  e ne r gy e f f i c i e nc y a nd ove r a l l  f unc t i ona l i t y. 
T he  f e a s i bi l i t y of  t he  he i ght  r a i s i ng wor k i s  c ondi t i one d by t he  nume r ous  t e c hni c a l , r e gul a -
t or y a nd e c onomi c  r e s t r i c t i ons ;  t hi s  i s  howe ve r  a n oppor t uni t y t ha t , a s  pa r t  of  a  wi de r  r e qua l i f i -
c a t i on a nd ur ba n r e ge ne r a t i on s t r a t e gy, pr oduc e s  r e s ul t s  t ha t  a r e  not  j us t  l i mi t e d t o t he  i nc r e a s e  
i n t he  i nha bi t a bl e  s ur f a c e  a r e a .  
In f a c t , t he  he i ght  r a i s i ng a nd a da pt a t i on of  t he  r oof s  a dd f ur t he r  a dva nt a ge s  i n t e r ms  of  a r -
c hi t e c t ur a l  r e qua l i f i c a t i on a nd r e ge ne r a t i on of  t he  he r i t a ge , t he  c r e a t i on of  ne w hous i ng wi t hout  
us i ng ne w ur ba n l a nd, t he  i mpr ove me nt  of  e ne r gy e f f i c i e nc y a nd t he  c r e a t i on of  s e r vi c e s  i n t he  
di s t r i c t  a nd c ommuna l  a r e a s  i ns i de  t he  ne w vol ume s .  
Ba s e d on a  de t a i l e d a na l ys i s  of  t he  e xpe r i e nc e s  a l r e a dy c a r r i e d out  i n Eur ope , r e s e a r c h ha s  
l e d t o de s i gn c r i t e r i a  a nd gui de l i ne s  f or  t he  a ppl i c a t i on of  r e t r of i t t i ng s ol ut i ons  f or  r oof s  t o t he  
mos t  c ommon t ype s  of  r e s i de nt i a l  bui l di ng. 
T he  di f f e r e nt  i nt e r ve nt i on s t r a t e gi e s  ha ve  be e n c l a s s i f i e d i nt o t hr e e  ma i n t ype s . 
A) Contrast 
He i ght  r a i s i ng s t r a t e gy ba s e d on t he  i ns e r t i on of  vol ume  c ha r a c t e r i s e d by a  c l e a r  di s t i nc t i on 
wi t h t he  e xi s t i ng bui l di ng. T hi s  s ol ut i on i mpl i e s  t he  s t r uc t ur a l  s uppor t  of  t he  e xi s t i ng bui l di ng, 
l e a ve s  e xt r e me  f r e e dom i n t he  c hoi c e  of  t he  a r c hi t e c t ur a l  de s i gn a nd ma t e r i a l s  a nd e ns ur e s  a  
wi de  ma r gi n of  f r e e dom i n t he  c hoi c e  of  t e c hnol ogi e s  f or  i mpr ovi ng e ne r gy e f f i c i e nc y. Fi na l l y, 
t hi s  a l l ows  t he  wor k t o be  c a r r i e d out  wi t hout  movi ng t he  t e na nt s . 
B) Extension 
He i ght  r a i s i ng s t r a t e gy ba s e d on t he  a ddi t i on of  ne w l e ve l s  t he  s a me  a s  t he  e xi s t i ng one s . T he  
e xt e ns i on on t he  r oof  doe s  not  l e a d t o a ny s i gni f i c a nt  f or ma l  c ha nge s  t o t he  bui l di ng. T he  ne w 
vol ume  r e pl i c a t e s  t he  t ype  a nd t e c hnol ogi e s  of  t he  bui l di ng be l ow, t hr ough t he  e xpa ns i on of  t he  
di s t r i but i on e l e me nt s  a nd i ns t a l l a t i ons . In t hi s  c a s e , t he  wor k c a us e s  l i mi t e d di s t ur ba nc e  t o t he  
t e na nt s . 
C) Integration 
He i ght  r a i s i ng s t r a t e gy ba s e d on t he  i nt e gr a t i on wi t h t he  e xi s t i ng bui l di ng wi t h t he  a i m of  r e -
c ompos i ng t he  i nt e r ve nt i ons  i n a  uni t a r y t e c hni c a l  a nd a r c hi t e c t ur a l  s ol ut i on. T hi s  s t r a t e gy a i ms  
t o pe r f or m a n ove r a l l  r e qua l i f i c a t i on of  t he  bui l di ng i nt e r ve ni ng on t he  e xt e r na l  wa l l s  a nd e xi s t -
i ng l odgi ngs . T he  wor k, whi c h i ne vi t a bl y r e qui r e s  t he  t e mpor a r y move me nt  of  t he  t e na nt s , i s  
ge ne r a l l y mor e  e xpe ns i ve  but  a l l ows  s ubs t a nt i a l  i mpr ove me nt s  t o be  ma de  t o t he  e nt i r e  bui l d-
i ng. 
T he  t hr e e  t ype s  of  i nt e r ve nt i on we r e  s ubs e que nt l y t e s t e d on s ome  pi l ot  s c he me s . 
T he  e va l ua t i on of  t he  oppor t uni t y a nd a dva nt a ge s  of  he i ght  r a i s i ng, i n vi e w of  t he  c os t s  a nd 
c ompl e xi t y of  t he  ope r a t i on, ha s  a l s o l e d t o t he  c a r e f ul  ve r i f i c a t i on of  s ome  ke y t he me s , s uc h 
a s :   
− i s s ue s  c onne c t e d wi t h t he  i nt e r f a c e  be t we e n t he  ne w vol ume s  a nd t he  e xi s t i ng one  a nd 
t he  e va l ua t i on of  t he  e f f e c t i ve  t e c hni c a l  a nd f unc t i ona l  i mpr ove me nt  of  t he  bui l di ng 
( a c c e s s i bi l i t y, e ne r gy e f f i c i e nc y, s a f e t y, ne w s e r vi c e s , e t c .) ;  
− s t r uc t ur a l  pr obl e ms  due  t o t he  a ddi t i on of  ne w l oa ds  on t he  l oa d-be a r i ng s t r uc t ur e  a nd 
on t he  f ounda t i on s ys t e ms  of  t he  e xi s t i ng bui l di ng;  
− t he  “ we i ght ”  of  t he  ne w vol ume s  on t he  ( a r c hi t e c t ur a l , e nvi r onme nt a l , s oc i a l )  ba l a nc e s  
of  t he  ur ba n c ont e xt ;  
− t he  pos s i bi l i t y t o i nt r oduc e  l i vi ng a nd s e r vi c e  s ol ut i ons  t ha t  c ompl e me nt  t he  e xi s t i ng 
one s , a i mi ng t owa r ds  a  mor e  a r t i c ul a t e d r a nge  of  us e r s  ( young c oupl e s , i mmi gr a nt s , 
s t ude nt s , e t c .) . 
In It a l y, l i ke  i n ot he r  c ount r i e s  s ubj e c t  t o a  me di um t o hi gh s e i s mi c  r i s k, t he  f e a s i bi l i t y s t udy 
of  t he  he i ght  r a i s i ng s ol ut i ons  of f e r s , i n ma ny c a s e s , t he  pos s i bi l i t y t o i nt e gr a t e  t he  a dva nt a ge s  
of  a  r e t r of i t t i ng i nt e r ve nt i on on t he  r oof s  wi t h t hos e  of  ve r i f yi ng a nd a da pt i ng t he  bui l di ng t o 
me e t  ne w di r e c t i ve s  a nd a  ge ne r a l  i mpr ove me nt  of  t he  pe r f or ma nc e  of  t he  s t r uc t ur a l  s ys t e m. 
T he  pi l ot  s c he me s  de ve l ope d a s  pa r t  of  t he  r e s e a r c h pr oj e c t  s i mul a t e d t he  f e a s i bi l i t y of  i nno-
va t i ve  s ol ut i ons , de s i gne d f or  s pe c i f i c  c a s e  s t udi e s , but  ba s e d on a n a ppl i c a bl e  t e c hni c a l  a nd 
s c i e nt i f i c  a ppr oa c h, wi t h di f f e r e nt  pr opor t i ons  a nd me t hods , a l s o i n ot he r  c ont e xt s . 
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3 T HE PILOT  PROJ ECT  IN FLORENCE 
T he  bui l di ng s e l e c t e d f or  t he  de ve l opme nt  of  t he  pi l ot  pr oj e c t  i s  a  f our  s t or e y bl oc k, bui l t  i n 
1983, i nc l udi ng 33 a pa r t me nt s  of  3 di f f e r e nt  s i ze s  ( 45, 65 a nd 85s q.m) ;  i t  i s  l oc a t e d i n “ Le  
Pi a gge ”  di s t r i c t , NW  of  Fl or e nc e  a nd i s  owne d by t he  Fl or e nc e  Ins t i t ut e  f or  Soc i a l  Hous i ng 
( M uni c i pa l i t y of  Fl or e nc e ) . Poor  qua l i t y of  r oof  c ompone nt s , pr obl e ms  r e l a t e d t o a c c e s s i bi l i t y 
a nd poor  e ne r gy e f f i c i e nc y j e opa r di ze  t he  qua l i t y of  t he  bui l di ng. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  T h e  e xisting b uild ing 
 
Due  t o t he  e xi s t i ng s e i s mi c  c ondi t i on t he  r e t r of i t  s ol ut i on ha s  be e n ba s e d on t he  “ Int e gr a t i on”  
a ppr oa c h. T he  s t r uc t ur a l  c onc e pt  i s  ba s e d on a  s e l f -be a r i ng s upe r s t r uc t ur e  of  s t e e l  “ br i dge s ”  
s us t a i ni ng a  pl a t f or m on t op. T hi s  s ol ut i on a voi ds  l oa di ng t he  we i ght  of  t he  r oof  t op e xt e ns i on 
on t he  s t r uc t ur e  a nd f ounda t i on of  t he  e xi s t i ng bui l di ng. 
T he  l i ght  pi l l a r s  f ol l ow t he  r e gul a r i t y of  e xi s t i ng s l a bs  a nd ma ke  pos s i bl e  t o a dd a  l ot  of  
“ s ma l l  boxe s ”  on f a ç a de  wi t h a  f r a gme nt e d de s i gn of  e xt e r na l  s ha pe s , a ddi ng vol ume s  t o i m-
pr ove  t he  l a yout  of  e xi s t i ng a pa r t me nt s . T he  l i ght  s t e e l  e xt e r na l  gr i d ( or  opt i ona l  s t r uc t ur a l  
wood c ompone nt s )  c a n be  c ompl e t e d a nd i nt e gr a t e d wi t h a  c ol l e c t i on of  s t a nda r di ze d c ompo-
ne nt s  ( f r a me s , pa ne l s , e t c ) , c omi ng f r om di f f e r e nt  f a c t or i e s  a nd e a s i l y a da pt a bl e  t o t he  pr oj e c t  
modul a r i t y ( wood a nd r oc kwood s a ndwi c h boa r ds , wood f r a me s , gl a s s  s he e t s , e t c ) . 
T he  SuRE-FIT  s ol ut i on i nc l ude s  t he  r e f ur bi s hme nt  of  e xi s t i ng dwe l l i ng a nd t he  c ons t r uc t i on 
of  ne w f l a t s . Re f ur bi s he d a nd ne w uni t s  a r e  s i ze d a c c or di ng t o t he  f a mi l y ne e ds  a nd f i t t e d out  
f or  s pe c i a l  t a r ge t  gr oups  s uc h a s  e l de r l y pe opl e  a nd di s a bl e d, s t ude nt s  a nd young c oupl e s .  
Ne w vol ume s  wi l l  be  ma de  of  a  l i ght we i ght  t wo-s t or e y bl oc k ( bot h s i ngl e  f l a t s  a nd ma i s on-
e t t e  t ypol ogi e s )  on t op of  t he  e xi s t i ng dwe l l i ng. T he  e xt e ns i on i nc l ude s  9 ne w a pa r t me nt s  of  
t wo di f f e r e nt  s i ze s  ( 65s q.m or  100s q.m, s i ngl e  s t or e y or  ma i s one t t e ) , ope n ba l c oni e s  a nd 
410s q.m f or  non-r e s i de nt i a l  publ i c  f unc t i ons  a s  f a c i l i t i e s  f or  he a l t h c a r e , c ul t ur a l  a c t i vi t i e s , e t c . 
T he  t e c hni c a l  a ppr oa c h t o r oof t op a ddi c t i ons  wi l l  i nc l ude  s e mi -pr e f a b c ompone nt  ( a s  wood 
pa ne l s , me t a l  a nd wood be a ms , gl a ze d f r a me s , e t c )  or  pr e f a b s ys t e m a va i l a bl e  on t he  EU bui l d-
i ng ma r ke t . T he  s e r vi c e a bi l i t y of  de s i gne d s ol ut i ons  wi l l  be  e va l ua t e d c ompa r i ng t he  a r c hi t e c -
t ur a l  va l ue  of  e a c h pr opos a l  wi t h i t s  pe r f or ma nc e s , a c c or di ng t o t a r ge t  gr oups , bui l di ng pr oc e -
dur e s  a nd e xpe c t e d c os t s .  
T he  ba s i c  de s i gn wi l l  be  a s s e s s e d c ombi ni ng t hr e e  ma i n a s s e t s :  s t r uc t ur e  ( br i dge s , e xt e r na l  
gr i d a nd pl a t f or m) , ne w vol ume s  ( hous i ng on uppe r  f l oor s , ne w publ i c  f a c i l i t i e s , e l e va t or s , e t c ) , 
e xt e r na l  s he l l  ( i ns ul a t i on, f r a me s , pa ne l s , phot ovol t a i c  s ys t e ms , e t c ) . 
T he  e xt e r na l  s he l l  of  t he  r oof t op r e t r of i t  c oul d be  a ut onomous  or  i nt e gr a t e d wi t h t he  gr i d on 
f a ç a de . T he  opt i on of  a ppl yi ng a  s ki n ( me t a l , gl a s s , phot ovol t a i c  pa ne l s , e t c )  c oul d be  e a s i l y 
a da pt e d t o t he  de s i gne d s t r uc t ur e  be c a us e  t he  c hos e n modul a r i t y i s  s ui t a bl e  f or  t he  mos t  pa r t  of  
c ompone nt  a l r e a dy a va i l a bl e  on t he  ma r ke t . 
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Fig. 2  T he  SuRE -FI T  so lutio n 
 
 
 
 
Fig. 3  T h e  P ilo t P r o j e c t c o nc e p t:  
1 )  E xisting b uild ing  2 )  N e w sta ir c a se   3 )  P la tfo r m o n to p   4 )  Str uc tur a l ste e l b r id ge s 
5 )  N e w d we llings o n to p   6 )  P ub lic  sp a c e s a nd  fa c ilitie s   7 )  ” Sma ll b o xe s”  o n fa c a d e  
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Fig. 4  T he  str uc tur a l syste m 
4 CONCLUSIONS 
In or de r  t o a s s e s s  t he  f e a s i bi l i t y of  SuRE-FIT  c onc e pt s   – t he  obj e c t i ve  of  t he  pi l ot  pr oj e c t s  de -
ve l ope d dur i ng t he  r e s e a r c h pr oj e c t  – a n a na l ys i s  of  t he  r e s ul t s  wa s  ma de  l ooki ng a t  be ne f i t s  
a nd ba r r i e r s .  
A s pe c i f i c  ba r r i e r  s ugge s t s  t ha t  i t  doe s  not  ha ve  t o c ount  f or  a l l  pr oj e c t s . It  i s  t he  s a me  f or  t he  
be ne f i t s ;  s ome  be ne f i t s  wi l l  a ppe a r  onl y whe n a  c e r t a i n s t r a t e gy i s  f ol l owe d.  
Al t hough s ome  pr obl e ms  oc c ur r e d dur i ng e xe c ut i on of  t he  s t udi e d c a s e s , r oof -t op e xt e ns i on 
i s  a bs ol ut e l y pr a c t i c a bl e  a s  f a r  a s  t e c hni c a l  a s pe c t s  a r e  c onc e r ne d. M os t  s t r i ki ng ba r r i e r  f or  
SuRE-Fi t  i s  t he  c ompl i c a t e d c ont a c t  wi t h t he  c ur r e nt  dwe l l e r s . In c a s e  of  bui l di ngs  oc c upi e d by 
i t s  owne r s  or  bui l di ngs  wi t h mi xe d owne r s hi p t he  pr oc e s s  i s  c ompl e x due  t o t he  ma ny i nvol ve d 
pa r t i e s . Howe ve r , a n a dva nt a ge  of  t hi s  c a s e  i s  t ha t  pe opl e  c a n be  c onvi nc e d e a s i e r  be c a us e  of  
t he  pos s i bi l i t y t o s ha r e  t he  ( f i na nc i a l )  be ne f i t s . In s oc i a l  hous i ng pr oj e c t s  t hi s  wi l l  not  be  t he  
c a s e  a nd t he r e f or e  r e s i s t a nc e  of  t he  t e na nt s  i s  ha r de r . A s ol ut i on t o c ome  ove r  t hi s  pr obl e m i s  t o 
c r e a t e  a  be t t e r  l i vi ng e nvi r onme nt  f or  a l l  dwe l l e r s . A c ommon s pa c e  a nd i mpr ove me nt  of  e xi s t -
i ng f a c i l i t i e s  c a n do s o.  
Ca s e  s t udi e s  a na l yze d a nd pi l ot  pr oj e c t s  de ve l ope d i n t he  r e s e a r c h pr oj e c t  ha ve  s hown t ha t  
ma j or  i mpr ove me nt s  c a n be  r e a c he d wi t h SuRE-Fi t . Us i ng a n e xi s t i ng bui l di ng a s  ba s e  f or  ne w 
dwe l l i ngs  i s  a  wa y of  a ns we r i ng t he  de ma nd f or  hous i ng i n s pe c i f i c  a r e a s  wi t hout  ha vi ng a  l a r ge  
i mpa c t  on t he  e nvi r onme nt .  An e xc e pt i ona l  e ne r gy c onc e pt  ha s  not  be e n a  s t a r t i ng poi nt  i n 
mos t  pr oj e c t s . In Ce nt r a l  Eur ope  t he  ma i n r e a s on t o c hoos e  f or  r oof -t op e xt e ns i on wa s  t he  t e c h-
ni c a l  de t e r i or a t i on of  t he  r oof . Cons i de r i ng t he  l a r ge  de ma nd i n a r e a s  t ha t  t he  bui l di ngs  a r e  l o-
c a t e d i n r oof -t oppi ng s e e ms  a  vi a bl e  s ol ut i on. 
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1 INTRODUCTION 
 
Economic factors have always influenced and promoted the use of new practices in the market, 
as is the case with sustainability in construction. Before considering a sustainable project, in-
vestors, real estate promoters and customers need to clarify the question “What is the cost of 
sustainability?” and “What are the actual economic and environmental advantages that result 
from applying sustainable practices?” 
 
The answer to these questions is often left unanswered due to the lack of information, as well as 
the lack of long term studies that compare the benefits of sustainable practices with more con-
ventional ones. In the particular case of Portugal, the difficulties lie in the limited number of 
sustainable buildings and the lack of observational data (and economic studies) on these build-
ings during the different stages of the project. What is available, on an international basis, is 
few and far between, such as: 
 “The costs and financial benefits of Green Buildings” report written by Gregory Kats 
(2003) which compares 33 buildings (certified or in the process of obtaining LEED cer-
tification) with other conventional buildings. The study concluded that an average in-
vestment of 2% over initial costs (compared to that of conventional buildings) will 
yield financial benefits which are 10 times greater than the aforementioned investment 
(for a 20 year period). This takes into consideration the analysis of operational costs, 
maintenance, the emission of pollutants and productivity; 
 The “Costing Green: A comprehensive Cost Database and Budgeting Methodology” 
report, written by David Langdon (2004), which aimed to analyze only the expenses 
Environmental and economical viability associated to the 
sustainability criteria applied in commercial buildings 
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ABSTRACT: The main challenges and contributions for the sustainability dissemination in 
construction are to recognize and prove the effective outcomes (economic and environmental) 
that could be obtained with the implementation of sustainability criteria. It means that more im-
portant than recognize the sustainability through the implementation of a sustainable voluntary 
tool, is to assure (and verify) the positive effects that could be reached with the application of 
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In this context, this paper will present the results obtained within a research project developed 
in Portugal with the objective of determining the economic and environmental feasibility of the 
criteria defined by a British Sustainable Voluntary Tool (BREEAM - Building Research Estab-
lishment Environmental Assessment Method) that has been applied in a shopping centre under 
the construction phase. The referred shopping has a Gross Leasable Area (GLA) of 70.488 m
2
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that were associated to the construction phase of ecological buildings. The study con-
cluded that many projects attained a sustainable certification with reduced initial budg-
ets, or small supplemental investments (on average 2%); 
 The article “Environmental certification for commercial real estate assets: the value 
impacts” (Franz Fuerst and Patrick McAllister, 2008) aimed to investigate the existing 
price differential between LEED and Energy Star certified constructions and non-
certified buildings. The study concluded that the rent of certified building was 11% 
higher than that of non certified buildings. 
 Similar to the previous study, the recent article “Doing Well by Doing Good? Green 
Office Buildings” (Eichholtz P. et al, 2009) published by the University of California, 
also compared Energy Star and LEED certified buildings and non-certified buildings in 
the same location. The results clearly demonstrated the importance of certification (es-
pecially Energy Star) when it came to increasing the value of commercial spaces and 
rental rates. There was roughly a 3% increase in rental rates per square meter and a 6% 
increase per square meter on effective rents. Selling prices were higher in about 16%. 
2 COST-BENEFIT ANALYSIS OF SUSTAINABLE PRINCIPLES  
The above mentioned studies were based on a relevant number of certified and non-certified 
buildings commonly found in certain countries such as the U.S.A and U.K. (up to February 2008, 
1283 and 1358 non-residential buildings, respectively, were certified) (Saunders, T. 2008). In Por-
tugal there is a very limited number of buildings with sustainability certification and there are no 
published economic studies which make difficult the practice of studies similar to those men-
tioned above. As such, the aim of this paper is to present an economic viability study and the envi-
ronmental impacts linked to sustainability criteria applied in only one case study. In other words, 
the aim is to present the needed investment to improve the final classification of a building, as 
well as the economic and environmental implications associated with sustainability criteria that 
were implemented in the construction.   
 
As such, the first task was to identify the sixty-one elements (defined for the case study) included 
in the BREEAM assessment tool (Building Research Establishment Environmental Assessment 
Method) for the scheme “Retail”, through different pre-established groups of analysis, including: 
 (Group A) – Identification of criteria included in National/European legislation; 
 (Group B) – Identification of criteria unsuitable for the Portuguese context; 
 (Group C) – Identification of criteria that is complex to quantify and assess, or in other 
words, those in which direct or indirect benefits (social and environmental) are evident 
but their economic quantification is complex. Measures related with biodiversity, ethical 
values, indoor environmental quality and the choice of materials are included within these 
criteria; 
 (Group D) – Identification of quantifiable criteria. The viability and economic perfor-
mance of criteria included in this group was studied through the analysis of the Net 
Present Value, the Internal Rate of Return and the Payback period (Return of Investment). 
On the other hand, these values are also identified and analyzed according to their envi-
ronmental impact (CO2eq emissions and energy and water consumption). These criteria, on 
the main, refer to energy and water management issues. 
 
This paper will only consider the analysis of group C and D taking into consideration that the cri-
teria included in these groups were voluntarily introduced in the case study and are associated to a 
not foreseen initial investment. 
In relation to the other groups, namely Group A, the costs associated to these groups will not be 
analyzed as they include mandatory measures relating to national legislation or common market 
practices. In other words, the needed investment was already considered before the introduction 
of new sustainability criteria. 
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3 DEFINITION OF THE CASE STUDY  
The criteria of the BREEAM tool were applied in the Centro Commercial Dolce Vita Braga 
(DVB) (Dolce Vita Braga Shopping Centre) belonging to the real estate company Chamartin. The 
construction of the building in Braga, with a total gross leasable area of 70 488 m
2
, began in April 
2008 and is scheduled to open its doors to the public in October 2010. The project includes spaces 
for reading, shops, restaurants, a supermarket, parking, cinemas, health clubs and ample common 
areas. 
The typology chosen for this analysis was based on its relevant impact on the “Triple Bottom 
Line” (baseline of sustainability). The construction of a shopping mall generates significant altera-
tions, including environmental impacts resulting from the construction and operation phases, and 
social and economic impacts resulting from future alterations, such as the creation of new jobs and 
the alteration of local traffic.  
During the initial stage, a pre-assessment, based on the BREEAM tool, was carried out to assess 
sustainability, in order to verify the rating of the construction without any type of improvements 
(initial proposal). The result was a compliance with 48.78% of the criteria which corresponds to a 
rating of “Good”. 
4 SUSTAINABILITY CRITERIA  
This study proposes to analyze and present the results of two intervention scenarios applied to the 
initial proposal of DVB.  The objective was to gradually improve the classification from “Good” 
to “Very Good” (rating defined by the BREEAM tool for buildings that show a compliance with 
more than 55% of the listed criteria) and, in a second phase, to “Excellent” (compliance with more 
than 70% of the listed criteria). 
Based on the additional criteria, an individual and a global analysis were carried out in order to 
identify the real economic and environmental impacts, as shown in Figure 1. 
 
Figure 1. Comparison between the different stages 
 
 
The following table lists criteria that were used during the different stages of intervention. The 
fourteen points that constitute part of group C and D represent those that were selected and gradu-
ally introduced, based on how well they could be adapted to the project in the construction phase, 
and those that had a better return on the economic investment that was required. These aspects 
were essential to guarantee an improvement in the classification to attain the desired rating. 
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Table 1. BREEAM Tool Criteria analyzed during the economic and environmental study (Source: 
BREEAM, 2008 - adapted) 
 
5 BASE CONDITIONS  
One of the key elements needed to carry out the analysis of the cost benefits for each one of the 
principles (criterion) was the use of a holistic analysis, whenever possible, not only examining the 
initial investment (cost of construction) but also other expenses, like operation and maintenance 
costs, incurred throughout the lifecycle of the building under analysis (considering a period of 
analysis of 20 years). 
The selected criteria, which will be presented in this paper (Sustainable Proposal), were compared 
against the initial proposal (with conventional solutions). The economic assessment criteria used 
in this study were based on the following presuppositions: 
 A 5% discount rate used when calculating the NPV; 
 A 20 year analysis period; 
 An annual inflation rate of 2%. 
 
The results were framed according to the following indicators: 
 Initial investment – this refers to the difference between the investment on the initial pro-
posal and the investment applied on the sustainable proposal; 
 Return on Investment (expressed in years) – period (years) that the promoter will have to 
wait to recover the investment made on the project; 
 NPV (Net Present Value) – in a simple manner, this value is used to determine the net 
value of an investment at time 0 (date of investment) calculated based on the annual cash 
flows generated by the investment during a period of 15 to 20 years; 
 IRR (Internal Rate of Return) – to measure the profitability of the project through the IRR 
implies obtaining a IRR (%) that is higher than the stipulated interest rate (stipulated at 
time of financing), in this case 5%. 
The environmental indicators are expressed according to the reduction in energy and water con-
sumption and the reduction of CO2eq emissions. 
6 RESULTS  
The following figures and tables provide the economic and environmental results of the interven-
tions carried out.  
Hea14 Office space
Ene1 Reduction of CO2 Emissions 
Ene5 Low or zero carbon technologies
Ene7 Cold food storage
Ene8 Lifts 
Tra3 Cyclist Facilities 
Tra4 Pedestrian and cycle safety
Tra7 Travel information space
Wat1 water consuption 
Wat3 Major leak detection 
Wat4 Sanitary supply shut off
Wat5 water recycing
Mat6 Insulation 
Wst5 Composting
Breeam Criteria selected for the analysis (elements from 
Group C and D)
Ref.
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The obtained results from the first intervention with the objective of upgrading the rating from 
“Good” to “Very Good” can be observed in Figure 2. This first intervention included the imple-
mentation of ten criteria from groups C and D. From among the proposed principles, there are cri-
teria with and without economic benefits. In the case of the criteria without economic benefits, 
these presented a reduced initial investment and important environmental advantages. Thus, as can 
be observed in table 2, the joint analysis of all the criteria does not hinder the final results. 
 
 
Figure 2. Alteration of rating from Good to Very Good following the first intervention criteria 
 
The application of the additional ten principles in the first intervention, as demonstrated in table 2 
was quite positive, as it was possible to demonstrate that an additional investment of 220 443.41€ 
(representing roughly 0.30% of the investment quota budgeted for the construction of DVB) is re-
coverable within an average period of 5 years. 
These results, in large part, are a consequence of the measures implemented to improve the effi-
ciency of water management, which were, on the whole, quite reasonable in what concerns the re-
quired investment, and were rapidly recoverable (in less than one year). 
  
The resulting environmental impacts of these measures are the following: 
 Reduction of 248.85 ton in CO2eq emissions, which is equivalent to the emissions pro-
duced by 40 European inhabitants; 
 Reduction of 260.4 MWh/year in the energy consumption, which is equivalent to the 
energy consumption of 45 European inhabitants; 
 Reduction of 15,143 m3 of water consumption, which is equivalent to the water consump-
tion of 226 European inhabitants. 
 
The results of the second intervention, with the objective of upgrading the rating from “Good” to 
“Excellent” are demonstrated in Figure 3. In addition to the ten principles used in the first inter-
vention, four more were applied from Group D. Among the proposed criteria, only the one with 
the reference Ene1 (promote the reduction of CO2eq emissions) was not between those with eco-
nomic benefits. The compliance with this criterion is, however, linked to the environmental bene-
fits (reduction of CO2eq emissions) resulting from the use of the remaining additional criteria, not 
implying, this way, any additional investment. 
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Figure 3. Alteration of rating from “Good” to “Excellent” obtained from the second intervention. 
 
The results obtained from both interventions, shown in table 2, display the advantages of upgrad-
ing a “Good” construction into an “Excellent” construction, according to BREEAM criteria. De-
spite a considerable investment of approximately 4,806,982.86€ (6.62% of the investment quota 
budgeted for the construction of DVB), results suggest that the amount is recoverable within an 
average period of 5 years. The environmental advantages resulting from these measures are as fol-
lows: 
 Reduction of 4,023.85 ton in the annual CO2eq emissions, which is equivalent to the emis-
sions produced by 574 European inhabitants; 
 Reduction of 11,594 MWh/year in energy consumption, which is equivalent to the energy 
consumed by 2,031 European inhabitants; 
 Reduction of 43,437.7 m3 in water consumption, which is equivalent to the water con-
sumed by 650 European residents. 
 
Table 2. Summary of results obtained during the analysis. 
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Table 2.(cont.) Summary of results obtained during the analysis. 
 
7 CONCLUSION 
This article provides evidence of the results obtained from introducing sustainability criteria using 
the BREEAM tool, applied to a shopping centre in the north of Portugal. It was concluded that it 
was possible to obtain a better rating (from Good to Excellent) with relatively low financial in-
vestment, and significant environmental advantages. In the concrete case of the Dolce Vita Braga 
Shopping Centre, an additional investment of 6.62% over the initial cost of construction would al-
low the building to obtain a rating of Excellent. This amount would be rapidly recoverable, with a 
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20 year NPV three times greater than the amount invested. In relation to the environmental results, 
the reductions obtained in energy and water consumptions and CO2eq emissions were quite reason-
able, taking into consideration that the avoided consumption could supply the consumption needs 
of a significant number of European inhabitants.  
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 1 INT RODUCT ION 
1.1. Water and sustainability  
Es s e nt i a l  t o l i f e  on Ea r t h, wa t e r  i s  a  pr e c i ous  a nd r a r e  i t e m t oda y. Al t hough wa t e r  i s  t he  mos t  
a bunda nt  ma t e r i a l  i n our  pl a ne t  ( a r ound 1.360 mi l l i on c ubi c  ki l ome t e r s ) , i t  s houl d be  not e d t ha t  
95.5%  c ons i s t s  of  s a l t  wa t e r  a nd 2.2%  i s  pr e s e nt e d i n t he  f or m of  i c e . Onl y 2.3%  c ons i s t  of  
f r e s hwa t e r , not  a l wa ys  a c c e s s i bl e , us a bl e  a nd ha vi ng t he  r e qui r e d qua l i t y f or  t he  i nt e nde d us e . 
Inde e d, ove r  de c a de s , bot h t he  gr owt h e c onomi c  mode l  a nd e xpone nt i a l  popul a t i on gr owt h, t o-
ge t he r  wi t h i nt e ns i f i c a t i on of  a gr i c ul t ur e  a nd i ndus t r i a l  a c t i vi t i e s , we r e  de c i s i ve  f or  t he  pol l u-
t i on of  a va i l a bl e  wa t e r  t hr ough di s c ha r ge s  a nd i nf i l t r a t i on of  c ont a mi na nt s . He nc e , t he r e  i s  a  
s t r ong ne e d t o r e t hi nk t he  wa t e r  c yc l e  s t r a t e gy a nd i t s  s us t a i na bi l i t y [ K i be r t , 2005] . In bui l d-
i ngs , t he  us e  of  r a i nwa t e r  a nd r e us e  or  r e c yc l i ng of  gr e y wa t e r s  c a n be  ve r y i mpor t a nt  a s  me a s -
ur e s  f or  t he  a i me d s us t a i na bi l i t y of  t hi s  r e s our c e .  
1.2. Use of rainwater in buildings  
Ra i nwa t e r  i s  pa r t  of  huma n l i f e  a nd t he  hi s t or y of  ma nki nd, a nd ma ny e xa mpl e s  c a n be  f ound 
a bout  hi s  c a pt ur e  a nd s t or a ge  f or  c ons umpt i on. Nowa da ys , i n a n a ppa r e nt l y c ont r a di c t or y wa y, 
j us t i f i e d pe r ha ps  by t he  e a s y a c c e s s  gr a nt e d by mode r n l i f e  [ K i be r t , 2005;  Si l va -Af ons o e t  a l ., 
2008] , t hi s  wa t e r  s t r a t e gi e s  a r e  r a r e l y us e d i n ur ba n a r e a s , a l t hough a n i nc r e a s i ng gl oba l  wa t e r  
s t r e s s  i s  not e d a s  a  t r e nd.  
T he  c onc e pt  of  wa t e r  s t r e s s  r e f e r s  t o t he  di f f e r e nc e  be t we e n t he  us a bl e  wa t e r  a nd t he  a va i l a -
bl e  na t ur a l  r e s our c e s . Pr os pe c t s  i n t hi s  r e s pe c t  s how t ha t  ma ny c ount r i e s  i n t he  wor l d, i nc l udi ng 
t he  one s  i n t he  M e di t e r r a ne a n ba s i n ( a s  Por t uga l ) , r i s k a  ve r y hi gh wa t e r  s t r e s s  ( mor e  t ha n 80%  
wi t hi n a  f e w de c a de s ) . 
Altern ativ e u s es  o f  water in  b u ild in g s  –  An  af f o rd ab le s u s tain ab le 
s o lu tio n   
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ABST RACT :  W a t e r  i s  t he  mos t  pr e c i ous  r e s our c e  of  ma nki nd, us ua l l y r e ga r de d a s  a  c ommo d-
i t y a nd s e l dom gi ve n i t s  t r ue  va l ue . T he  a i m of  t hi s  s t udy i s  t o a na l yze  t he  di f f e r e nc e s , s t a r t i ng 
f r om t he  pr oj e c t  pha s e , be t we e n opt i ons  l e a di ng t o r e c yc l i ng, r e us e  or  us e  of  a l t e r na t i ve  s our c e s  
of  wa t e r .  
A s i mpl e  bui l di ng s ol ut i on i nc or por a t i ng non-c onve nt i ona l  wa t e r  s uppl y s ol ut i ons  wa s  i ns e r t e d 
i n a  r e a l  a r c hi t e c t ur e  a nd e ngi ne e r i ng pr oj e c t  a nd c ompa r e d wi t h t he  s i t ua t i on whe r e  t hi s  i s  not  
a c c ount e d f or . Re c yc l i ng or  r e us e  gr a y wa t e r  a nd us e  of  r a i nwa t e r  a r e  c ons i de r e d a l ong wi t h t he  
t e c hni c a l  s ol ut i ons  gi ve n by t he  c ur r e nt  s t a t e  of  t he  a r t . An e va l ua t i on i s  pe r f or me d i n or de r  t o 
i l l us t r a t e  t ha t  t hi s  s ol ut i on i s  a f f or da bl e  a nd e ve n s hows  t ha t  i nve s t me nt s  i n i ni t i a l  s t a ge  a l l ows  
s a vi ngs  ove r  t i me  i n t e r ms  of  ma i nt e na nc e  a nd ope r a t i on, wi t h s i mul t a ne ous  mi ni mi za t i on of  
t he  e nvi r onme nt a l  i mpa c t .  
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It  s houl d be  not e d t ha t  t he  i nc r e a s i ng of  wa t e r  c ons umpt i on r a t e  i s  t wo t i me s  f a s t e r  t ha n t he  
popul a t i on gr owt h. Ac c or di ng t o t he  Uni t e d Na t i ons , by 2025, i t  i s  e s t i ma t e d t ha t  t wo t hi r ds  of  
t he  popul a t i on of  t he  pl a ne t  ( a ppr oxi ma t e l y 5500 mi l l i on pe opl e )  a r e  l i vi ng i n c ount r i e s  t ha t  
s uf f e r  f r om s e r i ous  wa t e r  s hor t a ge s . 
T he  pr ogr e s s i ve  a wa r e ne s s  of  s us t a i na bi l i t y i n t he  us e  of  r e s our c e s  i s  i nt r oduc i ng ne w wa ys  
t o de s i gn bui l di ngs  a nd c i t i e s , f or  i ns t a nc e , i nt e gr a t i ng t he  r e c ove r y of  r a i nwa t e r , not  ne c e s s a r i -
l y f or  a l l  pur pos e s  but  f or  us e s  t ha t  do not  r e qui r e  hi gh qua l i t y wa t e r  ( f ood)  [ K i be r t , 2005;  
Si l va -Af ons o e t  a l ., 2008;  K öni g, K .W ., 2001] . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  A simp lifie d  sc he me  o f the  syste m fo r  r a inwa te r  use  in a  ho use  [ in http // www. a q ua c yc le . c o m,  
2 0 0 8 ]  
 
1.3. Rul es for the design and installation of rainwater harvesting systems   
T he  de s i gn of  a  s ys t e m of  us e  of  r a i nwa t e r  s houl d be a r  i n mi nd t he  f ol l owi ng r ul e s  ( Fi gur e  1)  
[ T oma z, 2003;  K öni g, 2001] :  
• Adopt i on of  a  c a l c ul a t i on mode l  t o a s s e s s  t he  ne e ds  i n wa t e r  a mount s  f or  e a c h pr oj e c t . 
• Admi t  a s  c ol l e c t i on a r e a s  t hos e  not  i n r e gul a r  c ont a c t s  wi t h pe opl e , a ni ma l s  or  ma c hi ne s . 
• Adopt  f i l t e r i ng s ys t e ms  t ha t  r e j e c t  f i r s t  wa t e r s  ( " f i r s t  f l us h" )  a f t e r  l ong pe r i ods  wi t hout  a ve r -
a ge  r a i nf a l l  ( r e j e c t i on of  a ve r a ge  0.5 l i t e r s  pe r  m 2 ) .   
• Pr e di c t  c ut t i ng va l ve s  a t  t he  be gi nni ng of  t he  s ys t e m, wi t h di ve r s i on t o t he  r a i nwa t e r  c ol l e c -
t or , i n or de r  t o a l l ow ve r i f i c a t i on, ma i nt e na nc e  or  r e pl a c e me nt . 
• Pr e di c t  r e f l ux va l ve s , wi t h a nt i -r ode nt s  me mbr a ne  a t  t he  e xi t  ( due  t o s e wa ge  ove r f l ow)  of  
t he  s t or a ge  de pos i t , whi c h mus t  be  c onne c t e d t o t he  r a i nwa t e r  c ol l e c t or . 
• Us e  a  s t or a ge  de pos i t  wi t h wa l l s  f r e e  of  por os i t y a nd wi t hout  l e a di ng t o c he mi c a l  r e a c t i ons . 
Hi gh de ns i t y pol ye t hyl e ne  i s  nowa da ys  t he  ma t e r i a l  i n us e  f or  t hi s  a ppl i c a t i on. 
• T he  de pos i t  s houl d be  bur i e d, e ns ur i ng t ha t  r a i n wa t e r  i s  pr ot e c t e d f r om l i ght  a nd t e mpe r a -
t ur e  va r i a t i ons . In t hi s  t he  f or ma t i on of  a l ga e  a nd t he  de ve l opme nt  of  c e r t a i n mi c r oor ga ni s ms  
a r e  a l s o pr e ve nt e d.  
• De pos i t s  s houl d ha ve  a  buf f e r e d ope ni ng t ha t  a l l ows  a c c e s s  t o i t s  i nt e r i or  f or  ma i nt e na nc e . 
• T he  wa t e r  e nt r y i n t he  de pos i t  s houl d be  ma de  f r om t he  bot t om t o t he  s ur f a c e  t hr ough a  s pe -
c i a l  a c c e s s or y t ha t  wi l l  not  c a us e  t ur bul e nc e . In t hi s  wa y, oxyge na t i on of  wa t e r  c a n a l s o be  
done  whe ne ve r  ne w wa t e r  f l ux c ome s  i n. 
• T he  wa t e r  c ol l e c t i on by pump i n t he  i nt e r i or  of  t he  de pos i t  s houl d ha ppe n a r ound t e n or  f i f -
t e e n c e nt i me t e r s  be l ow t he  t op l e ve l  t o e ns ur e  good qua l i t y. 
• T he  s ys t e m mus t  pr ovi de  t ha t  ove r f l ow i n t he  de pos i t  ha ppe n t hr e e  t o f i ve  t i me s  pe r  ye a r , 
e ns ur i ng a  good wa t e r  r e ne wa l . 
• In t he  c a s e  of  r a i n wa t e r  s uppl yi ng s ome  e qui pme nt  i ns i de  t he  bui l di ng ( W C t a nks , f or  e x-
a mpl e )  t he r e  s houl d be  i nde pe nde nt  c ha nne l i ng wi t hout  pos s i bi l i t y of  c r os s i ng wi t h ot he r s . 
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T he  a ut oma t i c  va l ve s  doi ng t he  s wi t c hi ng of  t he  de pos i t  t o t he  nor ma l  gr i d mus t  e ns ur e  t ha t  
t he r e  i s  no e nt r y of  r a i nwa t e r  by r e f l ux i nt o t he  pot a bl e  wa t e r  s uppl y gr i d. 
• Al l  t a ps  f e e d by r a i n wa t e r  mus t  be  ma r ke d wi t h l a be l s  i ndi c a t i ng " not  dr i nki ng wa t e r  or  i m-
pr ope r  f or  c ons umpt i on" . T he s e  s houl d onl y be  ha ndl e d by a  s e c ur i t y ke y. 
• M a i nt e na nc e  a nd c l e a ni ng s houl d f oc us  on t he  t i me  of  t he  ye a r  be f or e  a nd a f t e r  t he  r a i ns . 
• M a i n phys i c a l -c he mi c a l  pa r a me t e r s  of  s t or e d wa t e r  s houl d be  c he c ke d e ve r y s i x mont hs . 
• Eve r y f i ve  ye a r s  t ot a l  de pos i t  e mpt yi ng a nd wa s hi ng i s  r e c omme nde d. 
 
1.4. Reuse and recycling of grey water   
T he  wa s t e wa t e r s  c a n be  s ubdi vi de d i n bl a c k a nd gr e y wa t e r s . Al t hough s ome  a ut hor s  r e f e r  ot he r  
c l a s s i f i c a t i ons , wa t e r s  whi c h a r e  mi xe d wi t h or ga ni c  ma t t e r  ( t oi l e t s )  a r e  us ua l l y na me d a s  bl a c k 
wa t e r s . T he y r e qui r e  c he mi c a l  or  bi ol ogi c a l  t r e a t me nt  a nd s ome t i me s  di s i nf e c t i on be f or e  be i ng 
us e d a ga i n. In pr i nc i pl e , t he s e  wa t e r s  s houl d onl y be  r e us e d out door s , f or  i ns t a nc e , i n ga r de ns  
or  gr e e n a r e a s . Re us e  or  wa t e r  r e c yc l i ng i n s i t u of f e r s  ma ny oppor t uni t i e s  f or  r a t i ona l i zi ng wa -
t e r  c ons umpt i on i n bui l di ngs  [ K oe l l e r , 2009] . Unf or t una t e l y, nowa da ys  a l l  wa t e r  us e d i n bui l d-
i ngs  a nd ga r de ns  i s  dr i nka bl e .  
T he  oppor t uni t i e s  of  r e us i ng or  r e c yc l i ng gr e y wa t e r s  va r y a c c or di ng t o t he  l oc a t i on whe r e  
one  l i ve s . T he  hous e s  a r e  us ua l l y l i nke d t o a  c e nt r a l i ze d s e we r  s ys t e m but , i n i s ol a t e d home s  
wi t h ga r de ns , t hi s  oppor t uni t y be c ome s  mor e  e vi de nt . T he  gr e y wa t e r s , wi t h a ppr opr i a t e  t r e a t -
me nt  f or  di s c ha r ge s , ma y s e r ve  f or  t oi l e t  c i s t e r ns , ga r de ns , pa t i os  a nd wa s hi ng. It  i s  i mpor t a nt  t o 
s t r e s s  t ha t  t he  r e us e  or  r e c yc l i ng of  wa s t e wa t e r  de c r e a s e s  t he  vol ume  of  e f f l ue nt s , r e duc i ng 
ove r l oa ds  i n t he  c e nt r a l i ze d s e we r  s ys t e m a nd e xt e ndi ng i t s  l i f e  t i me . 
Unf or t una t e l y, be c a us e  wa t e r  i n t he  publ i c  ne t wor k i s  not  pr e s e nt e d wi t h i t s  r e a l  c os t  ( i n Por -
t uga l ) , i ns t a l l a t i on a nd ma i nt e na nc e  of  wa t e r  r e us e  s ys t e ms  ma y r e s ul t  i n a  s ol ut i on wi t h a n e x-
t e nde d pa yba c k pe r i od. T hi s  pe r i od c a n va r y wi t h t he  e xt e nt  of  s e r vi c e s  of  t he  e xi s t i ng l oc a l  
wa s t e wa t e r  t r e a t me nt  a nd wi t h t he  t ype  of  s ys t e m t ha t  wi l l  be  i ns t a l l e d. Anywa y, i t  i s  a l wa ys  
be ne f i c i a l  t o r e us e  or  r e c yc l e  t he  wa t e r , a t  l e a s t  i n t e r ms  of  s us t a i na bi l i t y. 
In or de r  t ha t  r e us e  or  r e c yc l i ng of  gr e y wa t e r  i s  pos s i bl e , i t  i s  ne c e s s a r y t o s e pa r a t e  t he  di s -
c ha r ge  pi pe s  of  gr e y a nd bl a c k wa t e r s  a nd i ns t a l l  t he  s ys t e m f or  t r e a t me nt  of  wa t e r  ( Fi gur e  2) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2 .  Sc he me  o f a  syste m o f gr e y wa te r  r e use  [ in http // www. a q ua c yc le . c o m,  2 0 0 8 ]  
 
In f a c t , t he  gr e y wa t e r s  c a n be  di r e c t l y s hi f t e d f r om t he  dr a i n of  s howe r  a nd wa s hba s i n t o be  
r e us e d onl y i n f l us hi ng. Howe ve r , i t  c a nnot  be  s t or e d mor e  t ha n 2 hour s  be f or e  i t  i s  r e us e d, 
whi c h br i ngs  pr e -t r e a t me nt  a s  t he  mor e  c onve ni e nt  opt i on. In t a bl e  1, va l ue s  a r e  s hown f or  t he  
da i l y pr oduc e d t ypi c a l  vol ume s  f or  gr e y a nd bl a c k wa t e r  i n a  t ypi c a l  r e s i de nt i a l  bui l di ng [ Pi -
me nt e l  Rodr i gue s , 2008] . 
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T a b le  1 .  Co nsump tio n p e r  d a y a nd  p e r  p e r so n o f b la c k a nd  gr e y wa te r  
B la c k w a te r s  V o lume  ( l i te r s/p e r so n/d a y)  
T o ile t flush  2 2  
G r e y w a te r s  V o lume  ( l i te r s/p e r so n/d a y)  
Sho we r  5 6  
W a shb a sin  6  
K itc he n b a sin  1 2  
D is h wa she r  5  
La und r y ta nk  7  
La und r y wa she r  2 7  
G r e y wa te r  to ta l  1 1 3  
T o ta l ( b la c k a nd  gr e y w a te r )  1 3 5  
 
 
1.5. Water efficiency  
In Por t uga l , t he  ne e d f or  a n e f f i c i e nt  us e  of  wa t e r  ha s  be e n r e c ogni ze d a s  a  na t i ona l  pr i or i t y 
t hr ough t he  publ i c a t i on of  t he  Gove r nme nt  Re s ol ut i on nº  113/ 2005 of  30/ J une , a ppr ovi ng t he  
Na t i ona l  Pr ogr a m f or  t he  Ef f i c i e nt  Us e  of  W a t e r  [ Pi me nt e l  Rodr i gue s , 2008] . 
T hi s  pr ogr a m a l s o pr opos e s  t he  l a be l i ng of  de vi c e s  i n bui l di ngs  ( c i s t e r ns , s howe r s , t a ps  a nd 
s o on)  t o ma ke  c ons ume r s  wi t h mor e  knowl e dge  on t he i r  wa t e r  e f f i c i e nc y. It  i s  pr opos e d i n t he  
pr ogr a m t ha t  t hi s  me a s ur e  wi l l  be  c ompul s or y a f t e r  a  t r a ns i t i ona l  pe r i od. Logi c a l l y, i t  i s  be c om-
i ng ur ge nt  t o de f i ne  a nd i mpl e me nt  a  mode l  i n Por t uga l  f or  wa t e r  e f f i c i e nc y c e r t i f i c a t i on a nd 
l a be l i ng f or  bui l di ngs . T he  c e r t i f i c a t i on a nd wa t e r  e f f i c i e nc y l a be l i ng of  pr oduc t s  a l r e a dy e xi s t  
i n Por t uga l  a nd ha ve  be e n i mpl e me nt e d i n va r i ous  c ount r i e s  on a  vol unt a r y ba s i s . In s ome  c a s -
e s , f or  e xa mpl e  i n t he  Uni t e d St a t e s  or  i n t he  Nor di c  c ount r i e s , t he s e  a dopt e d s ys t e ms  r e f e r  t o 
one  e f f i c i e nc y va l ue  a nd i n ot he r  s ys t e ms  ( Aus t r a l i a  a nd Ir e l a nd) , t he  l a be l s  pr ovi de s  a  va r i a bl e  
c l a s s i f i c a t i on of  pr oduc t  e f f i c i e nc y. In Por t uga l , t he s e  wa t e r  e f f i c i e nc y l a be l s  a r e  a l r e a dy s t u-
di e d a nd pr opos e d by a  Na t i ona l  As s oc i a t i on ( ANQIP)  [ Pi me nt e l  Rodr i gue s , 2008] . 
T hi s  wor k a i ms  t o i nt e gr a t e  s i mpl e  wa t e r  us e  e f f i c i e nc y s t r a t e gi e s  i n a  bui l di ng pr oj e c t  a nd 
a na l yze  t he  e c onomi c a l  a nd e nvi r onme nt a l  i mpa c t  of  s uc h pr opos a l s . 
2 EX PERIM ENT AL – PROJ ECT  DESCRIPT ION 
The starting point of this proj ect, designed as a common living building, refers to a single isolated 
villa with two floors above the ground. The architecture proj ect is set on a flat and sandy terrain in 
the surroundings of a medium town, where there are no need for operations of landscaping in 
terms of soil movement. The foreseen construction and implantation area are around 350 m 2  and 
506 m 2 , re s pectively. Building volume is 1811 m 3  with a typical height of 6 m. The building con-
stitution  and inner design was set accordingly to regulations and in order to satisfy the require-
ments of the owner. 
T he  a r c hi t e c t ur a l  s ol ut i ons  we r e  de ve l ope d i nt o t wo f l oor s  wi t h a  s uppl e me nt a r y or  a nne x 
bui l di ng. T he  gr ound f l oor  i nvol ve s  a n e nt r a nc e  a r e a  a s  a  di s t r i but i on l obby, a  l i vi ng r oom, a  
be dr oom wi t h a  pr i va t e  ba t hr oom, a  c ommon us e  t oi l e t  a nd a  ki t c he n wi t h a  s ma l l e r  l i vi ng r oom 
a t t a c he d. 
T he  a c c e s s  t o t he  f i r s t  f l oor  i s  done  t r ough a  ve r t i c a l  c onne c t i on, s t a i r s  t ha t  a r e  a c c ompa ni e d 
by a  s ma l l  i ndoor  ga r de n. T he  s pa c e  i n t he  f i r s t  f l oor  pr e s e nt s  t wo be dr ooms , a  c ommon ba t h-
r oom, a  s ma l l  r e a di ng r oom a nd a n of f i c e  s pa c e . T he  a nne x or  s uppl e me nt a r y bui l di ng a t t a c he d 
t o t he  ma i n bui l di ng i s  c ons t i t ut e d by a  doubl e  ga r a ge , a  l a undr y a r e a , a  t oi l e t  a nd a  r ur a l  ki t c h-
e n.  
T he  hous e  s i mpl e  s t r uc t ur e  i s  bui l t  by a  s ys t e m of  s t e e l  r e i nf or c e d c onc r e t e  pi l l a r s  a nd be a ms  
s uppor t e d on di r e c t  f ounda t i ons  wi t h l i ght we i ght  c onc r e t e  s l a bs . T he  ma s onr y wa l l s  a r e  i n s t a n-
da r d c e r a mi c  br i c ks  pl a c e d wi t h c ommon c e me nt  mor t a r . T he  f l a t  r oof  i s  ba s e d on l i ght we i ght  
c onc r e t e  s l a b. T a bl e  2 s how t he  di f f e r e nt  bui l di ng a r e a s  a nd i t s  c os t s . T he  e s t i ma t e d t ot a l  c os t  
of  t he  wor ks  i s  a r ound 150 000 €. 
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In order to achieve this work obj ective, simple alterations were performed in the proj ect water dis-
tribution and drainage systems to contemplate not only a rainwater harvesting and a reuse system 
for grey water. Implications in the proj ect architecture and construction costs are then discussed. 
 
T a b le  2 .  Cha r a c te r iz a tio n o f a r e a s in the  b uild ing sp a c e .  
 Flo o r s  Ar e a  ( m 2 )  Co st  P a r c ia l c o st  
M a in b uild ing  G r o und  
Fir st  flo o r  
1 6 6 . 8 3  
1 0 2 . 5 2  
4 8 0 € / m 2  
4 8 0 € / m 2  
7 8  6 3 8 . 4 0 €  
4 9  2 0 9 . 6 0 €  
Anne x b uild ing G r o und  5 0 . 7 5  3 0 . 4 5  
1 8 0 € / m 2  
1 8 0 € / m 2  
9  1 3 5 . 0 0 €  
5  4 8 1 . 0 0 €  
Fe nc e  wa lls   G r o und   5 0 € /m  3 7 5 0 . 0 0 €  
Sto r a ge  a nne x  U nd e r gr o und  2 0 . 3 5  3 7 0 € /m2  7  5 3 6 . 0 0 €  
3 APPLICAT ION OF W AT ER EFFICIENCY SOLUT IONS – RESULT S & DISCUSSION 
T he  a l t e r a t i ons  i n t he  s e we r  a nd wa t e r  di s t r i but i on s ys t e ms  a r e  f i r s t l y s hown i n Fi gur e s  4 t o 6. 
T he s e  we r e  modi f i c a t i ons  ne c e s s a r y t o ma ke  i n or de r  t o e s t a bl i s h r a i nwa t e r  ha r ve s t i ng a nd a l s o 
f or  t he  gr e y wa t e r  r e us e . In t e r ms  of  a r c hi t e c t ur e  no ma j or  modi f i c a t i ons  we r e  i nt r oduc e d. Onl y 
t he  us e  of  t he  s ma l l  s t or a ge  unde r gr ound a nne x wa s  pa r t i a l l y c ha nge d. T he  r a i nwa t e r  ha r ve s t i ng 
a nd gr e y wa t e r  de pos i t s  we r e  pl a c e d t he r e  wi t h t he  c onne c t i ons  t o t he  t r a di t i ona l  wa t e r  gr i d. 
T he r e  i s  s t i l l  s ome  a va i l a bl e  s pa c e  f or  ge ne r a l  s t or a ge . 
Fi gur e  3 s hows  t he  dr a i na ge  s ys t e m f or  r e s i dua l  wa t e r  ( nor ma l  di s t r i but i on a nd r a i nwa t e r ) , 
f or e s e e n i n t he  bui l di ng gr ound f l oor , be f or e  a nd a f t e r  i nt r oduc t i on of  c ha nge s  r e l a t e d t o wa t e r  
e f f i c i e nc y. T he  gr i d i s  s e t  a c c or di ng t o Por t ugue s e  r ul e s  us i ng t r a di t i ona l  s ol ut i ons  ( Fi gur e  3A) . 
In Fi gur e  3( B) , t he  ne w s ol ut i on f or  wa t e r  dr a i na ge  i s  pr e s e nt e d a t  t he  gr ound f l oor  l e ve l , 
whi c h i nc l ude s  t he  r a i nwa t e r  ha r ve s t i ng a nd a l s o t he  gr e y wa t e r  r e us e  f r om ba t h a nd wa s hba s i n 
onl y.  
As  i t  c a n be  obs e r ve d, t he  r a i nwa t e r  i s  l e a d t o a  s t or a ge  r e s e r voi r  a f t e r  goi ng t r ough f i r s t  
f l us h a nd l e a ve s  f i l t e r s . W a t e r s  de vi a t e d i n t hi s  f i l t e r s  a l s o go t o t he  r a i nwa t e r  ba s i c  gr i d. T he  
s t or a ge  r e s e r voi r  a l s o c ont a i ns  a n ove r f l ow de vi c e  f or  t he  r a i nwa t e r  gr i d s ys t e m a nd a  pump 
s ys t e m t owa r ds  t he  ne w gr i d us e d onl y f or  non-dr i nka bl e  or  f ood pur pos e s  ( c i s t e r ns  f l us h, ga r -
de n, e t c .) .  
Gr e y wa t e r  c omi ng f r om ba t hs  a nd wa s hba s i ns  a r e  l e a d t o a  s ma l l  t r e a t me nt  uni t  i nc l udi ng 
f i l t r a t i on, bi o-t r e a t me nt  a nd ul t r a vi ol e t  di s i nf e c t i on. Af t e r  t r e a t me nt , t he s e  wa t e r s  a r e  c onne c t e d 
t o t he  non-dr i nka bl e  wa t e r  c i r c ui t , c omi ng f r om t he  r a i nwa t e r  de pos i t  ( Fi gur e  4) . T he  wa t e r  
t r e a t me nt  a nd ha r ve s t i ng de pos i t s  we r e  pl a c e d i n t hi s  s t or a ge  t e c hni c a l  a r e a  i n t he  unde r gr ound 
f l oor , s pe c i a l l y a da pt e d f or  t hi s  us e . It  i s  a  s ma l l  s pa c e , wi t h a n a r e a  a r ound 20 m 2 , wi t h a n a c -
c e s s  f or  ma i nt e na nc e  ope r a t i ons . 
Fi gur e  5( A)  s hows  t he  t r a di t i ona l  s ol ut i on f or  wa t e r  di s t r i but i on i n t he  gr ound f l oor . Fi gur e  
5( B)  pr e s e nt s  t he  ne w s ol ut i on c ons i de r i ng t he  di s t r i but i on of  r a i nwa t e r  a nd gr e y wa t e r  f r om 
ba t hs  a nd wa s h ba s i ns  t o t oi l e t  c i s t e r ns , e xt e r i or  ga r de ni ng a nd l a undr y a ppl i c a t i ons . 
T he  modi f i c a t i ons  i n t he  e nt i r e  bui l di ng pr oj e c t , i n t e r ms  of  c ons t r uc t i on c os t s , a r e  not  r e l e -
va nt  s i nc e  t he  c ons t r uc t i on a r e a s  we r e  not  i nc r e a s e d c ons i de r i ng t he  one s  t ha t  we r e  f or e s e e n i n 
t he  pr oj e c t  ( T a bl e  2) . 
If  one  c ompa r e s  bot h s ol ut i ons , a  s l i ght  i nc r e a s e  i n dr a i na ge  s ys t e m ( a r ound 10% )  a nd dupl i -
c a t i on of  pa r t  of  t he  wa t e r  di s t r i but i on s ys t e m ( a r ound 40% )  e xi s t  t ha t , obvi ous l y, r e s ul t  i n 
s ome  i ni t i a l  i nve s t me nt  i nc r e a s e . T he r e  i s  s t i l l  t he  i nve s t me nt  i n t e r ms  of  t he  r a i nwa t e r  a nd gr e y 
wa t e r  de pos i t s  a nd e qui pme nt . T he r e  a r e  a l r e a dy s ys t e ms  i n t he  ma r ke t  t ha t  pe r f or m t he  f unc -
t i ons  de s c r i be d he r e  a nd s e t  i n t he  modi f i e d a r c hi t e c t ur e  pr oj e c t , me a ni ng, r a i nwa t e r  ha r ve s t i ng 
a nd r e us e  a nd a l s o t he  gr e y wa t e r s  r e c yc l i ng. A t ypi c a l  s ys t e m f or  bot h f unc t i ons  woul d ha ve  a n 
i nve s t me nt  c os t  a r ound 6500 €.   
If  t he  a c qui s i t i on a nd c ons t r uc t i on c os t s  of  t he  modi f i c a t i ons  i n t he  dr a i na ge  s ys t e m a nd i n 
t he  wa t e r  di s t r i but i on s ys t e m a r e  a dde d, one  c a n e s t i ma t e  a  t ot a l  i nve s t me nt  c os t  a r ound 8000 €. 
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( A)        ( B )  
Figur e  3 .  G r o und  flo o r  - W a te r  d istr ib utio n syste m b e fo r e  ( A)  a nd  a fte r  ( B )  wa te r  e ffic ie nc y me a sur e s; 
D e p o sits ne a r  the  sta ir s ( c r o sse d  b o xe s)  a r e  fo r  r a inwa te r  ha r ve sting ( sq ua r e )  a nd  gr e y wa te r  tr e a tme nt 
( r e c ta ngle ) ; Line s a nd  c o nne c tio ns to  the  gr e y wa te r  d e p o sit ne a r  c e ntr a l W C in ( B )  r e p r e se nt mo d ific a -
tio ns r e la te d  to  the  gr e y wa te r  syste m.  D a she d  gr e y a nd  full b la c k line s r e p r e se nt the  r a inwa te r  a nd  se we r  
d istr ib utio n syste ms.  
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Figur e  4 .  U nd e r gr o und  flo o r  te c hnic a l a r e a  - W a te r  e ffic ie nc y me a sur e s; D e p o sits a r e  fo r  r a inwa te r  ha r -
ve sting ( sq ua r e )  a nd  gr e y wa te r  r e c yc ling ( r e c ta ngle )  a nd  its c o nne c tio ns.  
 
On t he  ot he r  ha nd, one  c a n e s t i ma t e  a ve r a ge  s a vi ngs  up t o 60%  of  wa t e r  f or  a  r e gi on wi t h a  
nor ma l  r a i n f a l l  s i t ua t i on. Ot he r  s ol ut i ons  of  wa t e r  ha r ve s t i ng c a n be  s e t  a c c or di ng t o t he  r e gi on 
na t ur e . Howe ve r , t a ki ng i nt o a c c ount  s a vi ngs  i n t he  or de r  of  50%  a nd t ha t  a  nor ma l  bi l l  f or  t hi s  
ki nd of  bui l di ng c a n r e a c h mont hl y va l ue s  of  70€, i t  i s  pos s i bl e  t o t r a ns l a t e  di r e c t  s a vi ngs  of  
35€ pe r  mont h ( or  420€ pe r  ye a r ) . Apa r t  f r om t he  e c onomi c a l  be ne f i t , i t  i s  e ve n mor e  i mpor t a nt  
t he  e nvi r onme nt a l  a s pe c t  of  t he s e  s i mpl e  me a s ur e s , s i nc e  i t  i s  c l e a r  t oda y t ha t , f or  s ome  M e di -
t e r r a ne a n c ount r i e s  i nc l udi ng Por t uga l , t he  r i s k f or  wa t e r  s t r e s s  i s  ve r y hi gh i n t he  ne a r  f ut ur e . 
M or e ove r , i t  i s  a l s o e xpe c t e d t ha t  t he  wa t e r  bi l l s  f or  bui l di ngs  wi l l  a l s o t e nd t o i nc r e a s e  s i gni f i -
c a nt l y wi t h t i me  due  t o t he  wa y c os t s  wi l l  be  a s s e s s e d a nd due  t o t he  wa t e r  s t r e s s  l e ve l s . T he r e -
f or e , i t  i s  e xpe c t e d a  pa yba c k pe r i od be t we e n 12 a nd 15 ye a r s . 
4 CONCLUSIONS 
T he  e xa mpl e  pr e s e nt e d a l l ows  you t o pr ove  t ha t  i t  i s  e a s y t o i mpl e me nt  wa t e r  e f f i c i e nc y me a s -
ur e s  i n t he  c ons t r uc t i on of  bui l di ngs . T hi s  c a s e  s t udy a l l owe d us  t o t hi nk a bout  s i mpl e  de c i s i ons  
t ha t  c a n s i gni f i c a nt l y a l t e r  t he  wa y t o bui l d i n a  mor e  s us t a i na bl e  but  a f f or da bl e  wa y. T he  s ma l l  
i nve s t me nt s  of  t oda y ma y ha ve  a  hi gh e c onomi c , s oc i a l  a nd e nvi r onme nt a l  i mpa c t  t omor r ow. 
Inde e d, our  c a s e  s t udy s howe d t ha t  a n i ni t i a l  i nve s t me nt  c os t  i nc r e a s e  of  l e s s  t ha n 8000 € i n a n 
ove r a l l  va l ue  f or  t he  bui l di ng of  a r ound 150000 € i s  qui t e  s ma l l  a nd i t  s i mul t a ne ous l y ge ne r a t e s  
l owe r  mont hl y c os t s  t hr oughout  t he  bui l di ng l i f e .  
Apa r t  f r om t hi s  e c onomi c a l  f a c t s , t he  e nvi r onme nt a l  i mpa c t  i n a n a ge  of  wa t e r  s t r e s s  de ma nd 
a  c ons c i e nt i ous  de c i s i on t owa r ds  wa t e r  e f f i c i e nc y. Cons i de r i ng a  nor ma l  wa t e r  c ons umpt i on of  
135 l i t e r s / pe r s on/ da y a nd t ha t  a  bui l di ng l i ke  t hi s  one  i s  us ua l l y oc c upi e d by f our  pe r s ons , one  
c a n e a s i l y e s t i ma t e  a  mont hl y c ons umpt i on up t o 20 m 3  a nd a n a nnua l  s a vi ng of  mor e  t ha n 100 
m 3 . Re pr oduc i ng t hi s  va l ue  f or  mi l l i ons  of  bui l di ngs  one  c a n qui c kl y gr a s p t he  i mpor t a nt  wa t e r  
s a vi ngs  t ha t  s i mpl e  me a s ur e s  c a n ge ne r a t e . 
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( A)        ( B )  
Figur e  5 .  G r o und  flo o r  - W a te r  d istr ib utio n syste m b e fo r e  ( A)  a nd  a fte r  ( B )  wa te r  e ffic ie nc y me a sur e s; 
lo ng d a she d  gr e y line s r e p r e se nt the  mo d ific a tio ns in the  d istr ib utio n syste ms d ue  to  the  r e use  o f gr e y wa -
te r  a nd  the  use  o f r a inwa te r .  
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1 INT RODUCT ION  
About  ha l f  of  t he  wor l d popul a t i on, ne a r l y 3 bi l l i on pe opl e , ove r  t he  s i x c ont i ne nt s  l i ve  or  wor k 
i n e a r t h ba s e d bui l di ngs  ( M i nke , 2005) . In s ome  c ount r i e s  wi t h l i mi t e d e c onomi c  r e s our c e s  
e a r t h ba s e d c ons t r uc t i on mi ght  r e pr e s e nt  e ve n mor e  t ha n ha l f  of  t he  t ot a l  bui l di ng s t oc k ( Ca r -
va l ho e t  a l , 2008) . Se ve r a l  e xi s t i ng e a r t h c ons t r uc t i ons  a r e  c l a s s i f i e d a s  hi s t or i c a l  he r i t a ge  
( Cor t é s , 2009) . Ea r t h c ons t r uc t i on i s  a  s us t a i na bl e  pr a c t i c e  be c a us e  e a r t h i s  a  na t ur a l  ma t e r i a l , 
r e c yc l a bl e  a nd a bunda nt  a nywhe r e , but  a l s o be c a us e  t he  t e c hni que s  us e d i n t he  f a br i c a t i on on 
t hos e  e l e me nt s  a r e  us ua l l y s i mpl e , r e qui r e  a  s ma l l  a mount  of  e ne r gy a nd ha ve  a s s oc i a t e d a n i n-
e xpr e s s i ve  a mount  of  t oxi c  ga s e s  de l i ve r e d t o t he  a t mos phe r e . 
M or e ove r , t he  a c qui s i t i on a nd a ppl i c a t i on of  t he  bui l di ng ma t e r i a l s  c ur r e nt l y us e d i n t he  c on-
s t r uc t i on i ndus t r y r e qui r e  a  s i gni f i c a nt  a mount  of  e ne r gy c ons umpt i on dur i ng t he  di f f e r e nt  
s t a ge s  of  t he  pr oc e s s  ( e xt r a c t i on, t r a ns por t a t i on, ma nuf a c t ur i ng, a ppl i c a t i on, de mol i t i on a nd 
di s pos a l  or  r e c yc l i ng)  a nd l e a d t o pr onounc e d r e l e a s e  of  noxi ous  ga s e s  i nt o t he  a t mos phe r e . 
T hi s  r e s e a r c h wor k i s  f oc us e d on t he  vi a bi l i t y a na l ys i s  of  t he  a ppl i c a t i on of  na t ur a l  r a w 
bui l di ng ma t e r i a l s , a nd t r a di t i ona l  bui l di ng t e c hni que s  i n t he  c ons t r uc t i on. T hus , e a r t h ba s e d 
adobe  ma s onr y i s  pr opos e d a s  s t r uc t ur a l  l oa d be a r i ng e l e me nt s , a s  a n a l t e r na t i ve  t o t he  t r a di -
t i ona l  r e i nf or c e d c onc r e t e  ( RC)  f r a me s . A t ypi c a l  Por t ugue s e  mode r n s i ngl e  f a mi l y hous e  wa s  
us e d a s  c a s e -s t udy, f or  whi c h t wo di f f e r e nt  s t r uc t ur a l  s ol ut i ons  we r e  pr opos e d, de s i gne d a nd 
Ad v an tag es  o f  u s in g  raw materials  in  lo w co s t s u s tain ab le 
s tru ctu ral s o lu tio n s  f o r s in g le-f amily b u ild in g s   
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ABST RACT :  In t he  l a s t  de c a de s , t he  Por t ugue s e  hous i ng bui l di ng i ndus t r y ha s  be e n ma i nl y f o-
c us e d on t he  c ons t r uc t i on ba s e d on r e i nf or c e d c onc r e t e  f r a me d s t r uc t ur e s  a nd non-s t r uc t ur a l  
c l a y br i c k ma s onr y f or  e xt e r i or  a nd i nt e r i or  pa r t i t i on wa l l s . Re c e nt l y, t hi s  i ndus t r y s t a r t e d t o i n-
c l ude  a l t e r na t i ve  s t r uc t ur a l  ma t e r i a l s , s uc h a s  s t e e l  a nd t i mbe r . T he  e a r t h ba s e d c ons t r uc t i on 
t e c hni que s  a nd s ol ut i ons  s t i l l  r e ma i ns  l i mi t e d t o i ndi vi dua l  c a s e s , i n whi c h t he  owne r  a nd/ or  
c ont r a c t or  ha ve  a  pa r t i c ul a r  c onc e r n a nd knowl e dge  of  t he s e  e c ol ogi c a l  s ol ut i ons . W i t hi n t hi s  
c ont e xt  wa s  de ve l ope d t he  pr e s e nt  r e s e a r c h wor k, i n whi c h a  s us t a i na bl e  s t r uc t ur a l  s ol ut i on f or  
a  t ypi c a l  hous e  us i ng na t ur a l  ma t e r i a l s  i s  pr opos e d a nd s t udi e d. T wo di f f e r e nt  s t r uc t ur a l  s ol u-
t i ons  a r e  de f i ne d, na me l y a  r e i nf or c e d c onc r e t e  f r a me d c ol umn-be a m s ol ut i on ( de s i gna t e d by 
t r a di t i ona l  s ol ut i on)  a nd a  s ol ut i on ba s e d on a dobe  ma s onr y a nd t i mbe r  s t r uc t ur e s  f or  f l oor s  a nd 
r oof  ( de s i gna t e d by s us t a i na bl e  s ol ut i on) . T he s e  t wo a l t e r na t i ve  s t r uc t ur a l  s ol ut i ons  a r e  t he n 
c ompa r e d i n t e r ms  of  bui l di ng c os t s , e ne r gy c ons umpt i on a nd CO 2  e mi s s i ons . Al l  t he  ma i n a s -
pe c t s  r e l a t e d t o t he  de s i gn of  t he  s us t a i na bl e  s ol ut i on, s uc h a s  t he  de s i gn a s s umpt i ons , s t r uc t ur a l  
mode l s  a nd be ha vi our  pa r a me t e r s  a r e  de s c r i be d. T a ki ng i nt o a c c ount  t ha t  t he  pr opos e d s us t a i n-
a bl e  s ol ut i on i s  unc ommon i n t he  Por t ugue s e  bui l di ng c ont e xt , t he  di f f i c ul t i e s  f a c e d dur i ng t he  
de s i gn a r e  a l s o poi nt e d out  a nd c omme nt e d. 
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c ompa r e d:  a  t r a di t i ona l  s ol ut i on ( ST )  a nd a  s us t a i na bl e  one  ( SS) . T he  ST  i s  a  RC c ol umn-be a m 
f r a me  t ype  ma i n s t r uc t ur e , wi t h pr e s t r e s s e d pr e c a s t  f l oor i ng s t r uc t ur e s  a nd RC s l a bs  i n e l e me nt s  
s uc h a s  ba l c oni e s  a nd s t a i r s , a nd pa r t i t i on wa l l s  ma de  of  c e r a mi c  br i c k ma s onr y. T he  s t r uc t ur a l  
SS i s  ba s e d on l oa d-be a r i ng adobe  wa l l s  a nd t i mbe r  f l oor i ng s t r uc t ur a l  s ys t e ms . For  e a c h of  
t he s e  s ol ut i ons , t he  ove r a l l  bui l di ng c os t , t he  ove r a l l  e ne r gy c ons umpt i on a nd t he  ove r a l l  a t -
mos phe r i c  e mi s s i on of  noxi ous  ga s e s  we r e  qua nt i f i e d a nd c ompa r e d. T hi s  l e d t o t he  ma i n c on-
c l us i ons  he r e  di s c us s e d, t ha t  t he  s t r uc t ur a l  SS i s  obvi ous l y mor e  a dva nt a ge ous  bot h i n t e r ms  of  
bui l di ng c os t  a s  we l l  a s  i n wha t  r e ga r ds  t he  e nvi r onme nt a l  i mpa c t . 
2 DESCRIPT ION OF T HE CASE-ST UDY, DESIGN T OOLS AND M ET HODS 
T he  bui l di ng unde r  s t udy wa s  i de a l i ze d a s  be i ng l oc a t e d i n t he  c i t y of  Fi gue i r a  da  Foz, a t  a n a l -
t i t ude  of  100.00 m, i n a n ur ba n a r e a  s ur r ounde d by s ma l l  bui l di ngs . It  i s  a  t ypi c a l  of  s i ngl e  f a m-
i l y hous e  s ui t a bl e  f or  a  f a mi l y of  3 or  4 pe opl e , wi t h t hr e e  be dr ooms , whi c h c or r e s ponds  t o one  
of  t he  mos t  c ommon t ypol ogi e s  i n Por t uga l  ( a r ound de  57%  of  t he  e xi s t i ng bui l di ng s t oc k, 
( INE, 1998) . In Fi gur e s  1-2 c a n be  obs e r ve d t he  bui l di ng a r c hi t e c t ur e  a nd s pa c e s  di s t r i but i on of  
t he  s t udi e d bui l di ng. T he  r ooms  a r e  di s t r i but e d i n t wo f l oor s :  a  gr ound f l oor  mos t l y f or  s oc i a l  
us e  a nd a n uppe r  f l oor  ( f i r s t  f l oor )  f or  pr i va t e  us e . T he  ove r a l l  c ons t r uc t i on a r e a s  f or  t he  gr ound 
a nd f i r s t  f l oor s  a r e  285.00 m 2  a nd 106.5 m 2 , r e s pe c t i ve l y. 
T he  gr ound f l oor  c ons i s t s  of  a  l i vi ng-r oom, a  di ni ng-r oom, a  ki t c he n, a  s t or a ge  a r e a , a  t oi l e t , 
a n e nt r a nc e  ha l l  a nd a  c or r i dor . T he r e  i s  a l s o a  por c h whi c h r uns  a l ong t wo s i de s  of  t he  bui l d-
i ng. On t he  f i r s t  f l oor  t he r e  a r e  t wo be dr ooms  ( one  of  t he m wi t h a  pr i va t e  dr e s s i ng r oom) , a n of -
f i c e , a  ba t hr oom, a  l a ndi ng a nd a  ve r a nda . T he  t wo f l oor s  a r e  c onne c t e d by s t a i r s  whi c h l i nks  
t he  e nt r a nc e  ha l l  t o t he  l a ndi ng a nd t he  f i r s t  f l oor . T he  r oof  a t  t he  f i r s t  f l oor  l e ve l  i s  s l i ght l y 
s l ope d a nd c ove r e d wi t h c e r a mi c  t i l e s . T he  r oof  a t  t he  s e c ond f l oor  l e ve l  i s  f l a t , i na c c e s s i bl e  
a nd c ove r e d wi t h r ol l e d pe bbl e s . T he  ma i n e nt r a nc e  f a c e s  t owa r ds  e a s t . 
 
    
 
Figur e  1 .  Ar c hite c tur a l p la n –  G r o und  flo o r     Figur e  2 .  Ar c hite c tur a l p la n –  Fir st flo o r  
 
 
For  t he  de s i gn of  t he  s t r uc t ur a l  ST  c omme r c i a l l y-a va i l a bl e  s of t wa r e  pr ogr a mme s  we r e  us e d. 
T he  c omput e r  pr ogr a m a l l owe d f or  dyna mi c  moda l  a na l ys i s , c ons i de r a t i on va r i ous  vi br a t i on 
mode s , a nd a l l ows  f or  t he  de t e r mi na t i on of  t he  s t r uc t ur a l  r e s pons e  t o s e i s mi c  l oa di ngs  ba s e d on 
r e s pons e  s pe c t r a  a na l ys i s . T he  wi nd l oa d i s  qua nt i f i e d a ut oma t i c a l l y, c ons i de r i ng t he  bui l di ng 
l oc a t i on, t he  r ugos i t y a s s oc i a t e d a nd t he  gl oba l  di me ns i ons  of  t he  bui l di ng. Spr e a ds he e t s  we r e  
de ve l ope d t o c he c k a nd a na l yze  t he  nume r i c a l  r e s ul t s  obt a i ne d f r om t he  s t r uc t ur a l  c omput e r  
pr ogr a m. Spe c i f i c  s pr e a ds he e t s  we r e  a l s o us e d f or  t he  de s i gn of  i s ol a t e d s t r uc t ur a l  e l e me nt s , 
s uc h a s  s t a i r we l l s .
For  t he  s t r uc t ur a l  SS de s i gn, a nd due  t o t he  l a c k of  c omput e r  pr ogr a ms  de vot e d t o t he  a ut o-
ma t i c  c a l c ul a t i on of  t he  adobe  ma s onr i e s , s pe c i f i c  s pr e a ds he e t s  ba s e d on t he  pr ovi s i ons  of  
s t a nda r ds  [ 5, 6]  we r e  de ve l ope d. For  t he  t i mbe r  s t r uc t ur a l  e l e me nt s  de s i gn ( be a ms  a nd s t a i r s ) , 
t he  pr ovi s i ons  i n Eur oc ode  5 ( CEN, 1998)  we r e  a dopt e d a nd a l s o s pe c i f i c  s pr e a ds he e t s  we r e  
wor ke d up f or  t he  SS de s i gn. 
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3 T RADIT IONAL SOLUT ION 
In a c c or da nc e  wi t h ( REBAP, 1983) , i t  wa s  a dopt e d a  c onc r e t e  t ype  C25/ 30 f or  a l l  t he  RC s t r uc -
t ur a l  e l e me nt s  ( c ol umns , be a ms , s t a i r s  a nd f ounda t i ons ) . S400NR s t e e l  wa s  us e d f or  r e i nf or c i ng 
ba r s  a nd S500EL s t e e l  wa s  us e d f or  e l e c t r o-we l de d wi r e  me s h r e i nf or c e me nt  i n s l a bs . Ext e r i or  
wa l l s  a nd i nt e r i or  pa r t i t i on wa l l s  a r e  ba s i c a l l y ma s onr y ma de  of  hol l ow c e r a mi c  br i c ks . For  e x-
t e r i or  wa l l s , t he  out e r  c ur t a i n ha ve  a  t hi c kne s s  of  0.15 m a nd t he  i nne r  c ur t a i n 0.22 m, bot h wi t h 
mor t a r  a t  t he  j oi nt s  a nd a  0.10 m wi de  i ns ul a t i on s pa c e  be t we e n t he m. T he  i nt e r i or  wa l l s  a r e  
s i ngl e -l e a f  wi t h a  t hi c kne s s  of  0.15 m a l s o wi t h mor t a r  a t  t he  j oi nt s . T he  s t r uc t ur a l  s ys t e m of  
f l oor s  i s  ba s i c a l l y ma de  of  pr e c a s t  pr e s t r e s s e d s l a bs . T he s e  f l oor i ngs  s ys t e m a r e  uni di r e c t i ona l  
a nd c ons i de r e d s i mpl y s uppor t e d by RC be a ms . 
For  t he  bui l di ng s t r uc t ur a l  a na l ys i s , i t  wa s  c ons i de r e d f or  t he  de a d l oa d t he  s e l f -we i ght  of  t he  
s t r uc t ur a l  a nd non-s t r uc t ur a l  e l e me nt s . V a r i a bl e  l oa ds  c ompr i s e d l i ve , wi nd a nd e a r t hqua ke  a c -
t i ons . 
For  t he  we i ght  of  t he  s t r uc t ur a l  e l e me nt s , t he  f ol l owi ng s pe c i f i c  r e f e r e nc e  we i ght s  we r e  
a dopt e d:  78.50 kN/ m 3  f or  t he  s t e e l  a nd 25.00 kN/ m 3  f or  RC e l e me nt s . Fl oor  a nd wa l l  c ove r i ngs  
we r e  c ons i de r e d wi t h 2.00 kN/ m 2 a nd 3.00 kN/ m 2 , r e s pe c t i ve l y. For  l i ve  l oa ds , i n a c c or da nc e  
wi t h ( RSA, 1985) , 2.00 kN/ m 2 wa s  c ons i de r e d f or  t he  l i vi ng a r e a s , 1.00 kN/ m 2 f or  t he  i na c c e s -
s i bl e  t e r r a c e s  a nd 3.00 kN/ m 2 f or  t he  a c c e s s  a r e a s . For  t he  qua nt i f i c a t i on of  t he  wi nd l oa d, a l s o 
i n a c c or da nc e  wi t h ( RSA, 1985) , i t  wa s  c ons i de r e d t ha t  t he  bui l di ng i s  l oc a t e d i n Zone  B a nd a  
t ype  II r ugos i t y. In t e r ms  of  e a r t hqua ke  l oa d, i n a c c or da nc e  wi t h ( RSA, 1985) , c a l c ul a t i ons  
we r e  ma de  on t he  ba s i s  of  a  c l a s s  C s e i s mi c  zone , t ype  II s oi l , a  s e i s mi c  c oe f f i c i e nt  va l ue  of  
0.50, a  da mpi ng c oe f f i c i e nt  of  5%  a nd a  be ha vi our  f a c t or  of  2.0 wa s  a s s ume d. For  t he  f ounda -
t i on s oi l  c a pa c i t y, a  va l ue  of  200 kPa  wa s  c ons i de r e d. 
Af t e r  qua nt i f yi ng t he  l oa ds  a nd t he i r  c ombi na t i ons , a c c or di ng t o ( RSA, 1985) , t he  s a f e t y a nd 
de s i gn of  t he  s t r uc t ur e  wa s  t he n de ve l ope d. Al l  s t r uc t ur a l  e l e me nt  s e c t i ons  we r e  de s i gne d a c -
c or di ng t o t he  ul t i ma t e  a nd s e r vi c e a bi l i t y l i mi t  s t a t e s  phi l os ophy, us i ng f or  t hi s  pur pos e  t he  
pr ovi s i ons  of  ( REBAP, 1983) . T he  de s i gn of  t he  ST  s ol ut i on a dopt e d f or  t he  bui l di ng unde r  
s t udy r e s ul t s  i n t he  s t r uc t ur a l  s ys t e m r e pr e s e nt e d i n Fi g. 3-6. 
 
 
     
 
Figur e  3 .  ST : Fo und a tio ns          Figur e  4 .  ST : Fir st flo o r  
 
 
    
 
Figur e  5 .  ST : Ro o f                   Figur e  6 .  ST : RC e le me nts’ d e ta ils 
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4 SUST AINABLE SOLUT ION 
For  t he  s t r uc t ur a l  SS, pr e -di me ns i oni ng of  t he  s t r uc t ur a l  e l e me nt s  wa s  c a r r i e d out  ba s e d on t he  
mi ni mum a l l owa bl e  di me ns i ons  f or  e a c h of  t he s e  e l e me nt s , a s  s pe c i f i e d i n EC6 ( CEN, 1995)  
a nd EC5 ( CEN, 1998) . Al l  e l e me nt s  we r e  de s i gne d us i ng s pe c i f i c  s pr e a ds he e t s  de ve l ope d. 
T he  l oa d-be a r i ng wa l l s  a r e  ma de  of  a dobe , wi t h a  c ompr e s s i ve  s t r e ngt h of  4.0 M Pa  a nd be d 
j oi nt s  wi t h a  c l a s s  M 5 ( 5.0 M Pa )  mor t a r , i n a c c or da nc e  wi t h EC6 ( CEN, 1995) . For  s t r uc t ur a l  
e l e me nt s  a t  t he  f i r s t  f l oor , f or  t he  r oof  a nd f or  t he  s t a i r s , wood be a ms  of  E c l a s s , pinus pinaster  
pi ne , we r e  c ons i de r e d, i n a c c or da nc e  wi t h EC5 ( CEN, 1998) . T he  l oa d-be a r i ng wa l l s  f ounda -
t i ons  a r e  c ont i nuous , ma de  of  s ol i d l i me s t one  bl oc ks . T he s e  ma t e r i a l s  we r e  c hos e n be c a us e  i s  
na t ur a l , l oc a l  a nd a bunda nt  i n t he  bui l di ng’ s  l oc a t i on a r e a . 
T he  s t r uc t ur a l  a na l ys i s  of  t he  SS f ol l owe d t he  s a me  l oa di ng pa r a me t e r s  a s  t he  c ons i de r e d f or  
t he  ST , de s c r i be d i n de t a i l  i n t he  pr e vi ous  s e c t i on. For  t he  s pe c i f i c  we i ght  of  t he  e a r t h bl oc ks  i t  
wa s  c ons i de r e d a  va l ue  of  18.00 kN/ m 3 , a nd 5.80 kN/ m 3  f or  t he  wood. T he  ot he r  l oa di ng a c -
t i ons , a s  s t a t e d pr e vi ous l y, we r e  c omput e d a na l ogous l y t o t hos e  de f i ne d i n t he  pr e vi ous  s e c t i on 
f or  t he  ST . 
T he  woode n f l oor  s t r uc t ur a l  e l e me nt s  we r e  de s i gne d i n be ndi ng a nd s he a r , ba s e d on t he  pr o-
vi s i ons  of  EC5 ( CEN, 1998) . T he s e  f l oor  s ys t e ms  a r e  s uppor t e d di r e c t l y by t he  l oa d-be a r i ng 
a dobe  ma s onr y wa l l s , whi c h we r e  de s i gne d a c c or di ng t o t he  s pe c i f i c a t i ons  of  ( RSA, 1985)  a nd 
EC6 ( CEN, 1995) . 
Si nc e  t he  de s i gn of  t he s e  s t r uc t ur a l  e l e me nt s  ( a dobe  a nd t i mbe r )  i s  s t i l l  punc t ua l  i n t he  Por -
t ugue s e  c ons t r uc t i on c ont e xt , a nd t he  s t r uc t ur a l  de s i gn c omme r c i a l  s of t wa r e  do not  i nc l ude  
t ool s  f or  t he  de s i gn of  t he s e  t ype s  of  s t r uc t ur a l  ma t e r i a l s , a  3D f i ni t e  e l e me nt  s t r uc t ur a l  mode l  
wa s  de ve l ope d, us i ng s he l l  a nd f r a me  e l e me nt s , t o c a l c ul a t e  t he  s t r e s s e s  di s t r i but i on i n t he  
s t r uc t ur a l  e l e me nt s  c ompos i ng t he  bui l di ng, f or  e a c h l oa di ng c a s e  a nd f or  t he i r  c ombi na t i on. 
Fr om t he  de s i gn s t r a t e gy a dopt e d f or  t he  s t r uc t ur a l  SS f or  t he  bui l di ng unde r  s t udy, we r e  ob-
t a i ne d t he  r e s ul t s  r e pr e s e nt e d i n Fi g. 7-10. 
 
    
 
Figur e  7 .  SS: Fo und a tio ns          Figur e  8 .  SS: Fir st flo o r  
 
 
 
Figur e  9 .  SS: Ro o f               Figur e  1 0 .  SS: Str uc tur a l d e ta ils 
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5 RESULT S ANALYSIS 
Ea c h bui l di ng ma t e r i a l  ha s  a s s oc i a t e d a  s pe c i f i c  c os t , a n e ne r gy c ons umpt i on i n i t s  pr oduc t i on 
a nd a  qua nt i t y of  noxi ous  ga s e s  r e l e a s e d i nt o t he  a t mos phe r e , r e s ul t e d f r om a l l  t he  pha s e s , 
na me l y i t s  e xt r a c t i on f r om t he  r a w ma t e r i a l , t r a ns por t a t i on, t r a ns f or ma t i on, bui l di ng pr oc e s s , 
ma i nt e na nc e , de mol i t i on a nd r e c yc l i ng. 
It  i s  pos s i bl e  t o e s t i ma t e  t he  qua nt i t y a l l  t he  e nvi r onme nt a l  pa r a me t e r s  a s s oc i a t e d a s s oc i a t e d 
t o e a c h pha s e  of  t he  c ompl e t e  l i f e -c yc l e  of  t he  ma t e r i a l s , a s  done  pe r  e xa mpl e  i n ( K a ngHe e  e t  
a l , 2007) , ( PRE, 2009)  a nd ( Ba i r d e t  a l , 1997) . 
T a bl e  1 pr e s e nt s  t he  va l ue s  of  e ne r gy c ons umpt i on f or  t he  bui l di ng ma t e r i a l s  whi c h a r e  c on-
s i de r e d i n t hi s  r e s e a r c h wor k, f ol l owi ng t he  pr oc e dur e s  pr opos e d by di f f e r e nt  a ut hor s  ( ( K a ng-
He e  e t  a l , 2007) , ( PRE, 2009)  a nd ( Ba i r d e t  a l , 1997) ) . Compa r i ng t he  va l ue s  obt a i ne d by t he  
di f f e r e nt  a ppr oa c he s , i t  i s  not i c e d a n e xpr e s s i ve  di f f e r e nc e  a mong t he m. Ac c or di ng t o ( Ba i r d e t  
a l , 1997) , t hi s  f a c t  ma y be  r e l a t e d t o t he  di f f e r e nt  a ppr oa c he s  us e d by e a c h a ut hor  c onc e r ni ng 
di f f e r e nt  pe r i od of  t i me  f or  t he  ma t e r i a l  l i f e -c yc l e  a nd/ or  di f f e r e nt  f a br i c a t i on t e c hni que s . In 
t hi s  s t udy, t he  va l ue s  of  e ne r gy c ons umpt i on pr opos e d by ( K a ngHe e  e t  a l .2007)  we r e  a dopt e d 
a nd t he  c ur r e nt  bui l di ng Por t ugue s e  ma r ke t  uni t  c os t s  we r e  us e d ( s e e  T a bl e  2) . 
Ba s e d on t he  r e s ul t s  of  t he  s t r uc t ur a l  de s i gn f or  t he  ST  a nd SS, t he  e s t i ma t e d qua nt i t i e s  of  
e a c h bui l di ng ma t e r i a l  a r e  pr e s e nt e d i n T a bl e  3. T he  noxi ous  ga s e s  e s t i ma t i ve  ha s  be e n c on-
ve r t e d i nt o CO 2  a nd f or  t he  f unc t i ona l  wor ki ng uni t  wa s  c ons i de r e d t he  ove r a l l  c ons t r uc t i on 
a r e a  whi c h i s  391.50 m 2  i n t hi s  c a s e . T he  t ot a l  c os t , t he  t ot a l  e ne r gy c ons umpt i on a nd t he  t ot a l  
CO 2  e mi s s i ons  a s s oc i a t e d t o bot h t he  s t r uc t ur a l  ST  a nd SS s ol ut i ons  s t udi e d a r e  pr e s e nt e d i n 
T a bl e  4, c ompa r i ng a l s o t he  i nhe r e nt  ga i ns  e s t i ma t e d. 
 
 
T a b le  1 .  E ne r gy c o nsump tio n ( M J /kg) .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M a te r ia l    K a ngH e e       Le id e n        B a ir d       Alc o r n  
 ( K a ngH e e  e t a l,  2 0 0 7 )   ( P RE ,  2 0 0 9 )    ( B a ir d  e t a l,  1 9 9 7 )   ( B a ir d  e t a l,  1 9 9 7 )       _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Co nc r e te      2 . 5        0 . 9 8        2 . 0 1        0 . 7 9  
B a r  ste e l     3 . 0        1 . 1 8        2 . 0 1        0 . 7 9  
M o r ta r       3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
B r ic k       3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
E a r th adobe     3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
G r a ve l      3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
P ine  wo o d      3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
Sa nd        3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
Ce me nt      3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  
E a r th       3 . 0        1 . 1 8        3 . 2 8        1 . 2 9  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
 
T a b le  2 .  P a r a me te r s o f the  ma te r ia ls.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M a te r ia l      U nit    U nit Co st   E ne r gy Co nsump tio n   E missio n  
               ( € )       ( M J /U nit)      ( CO 2 /U nit)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Co nc r e te       m 3         5 0 . 2 5       1 2 9 2 . 2 4       9 9 . 4 3  
B a r  ste e l      kg                 0 . 6 3        3 8 . 6 6         3 . 7 2  
Ce m e nt b a se d  mo r ta r   m 3         5 0 . 4 5                9 6 1 . 4 0       6 3 . 9 1  
Ce r a mic  b r ic k         un          0 . 3 1         1 4 . 7 8           1 . 1 1  
St o ne             m 3            1 5 . 0 0            3 6 5 . 2 6        2 6 . 9 0  
E a r t h adobe      un     0 . 1 5         1 . 4 5            0 . 0 9  
E a r th b a s e d  mo r ta r    m 3       4 8 . 8 8              9 3 1 . 4 8       6 1 . 9 2  
P ine  wo o d       kg      0 . 4 4         4 . 4 4         0 . 3 8  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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T a b le  3 .  Q ua ntitie s o f e a c h b uild ing ma te r ia l.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M a te r ia l      U nit        ST             SS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Co nc r e te       m 3            1 2 0 . 2 5             2 8 . 0 0  
B a r  ste e l       kg          6 4 8 0 . 0 0               4 5 5 . 0 0  
Ce me nt b a se d  mo r ta r   m 3              2 4 . 8 0              ------- 
Ce r a mic  b r ic k     un        1 2 9 6 9 . 0 0                 ------- 
Sto ne         m 3              3 9 . 0 0            1 2 8 . 6 0  
E a r th adobe      un              -------           1 8 0 0 0 . 0 0  
E a r th b a se d  mo r ta r    m 3              -------             4 8 . 2 0  
P ine  wo o d       kg              -------           1 6 2 1 1 . 0 5  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T a b le  4 .  Co mp a r iso n o f the  two  p r o p o se d  str uc tur a l so lutio ns.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
P a r a me te r      U nit      ST     SS    B e tte r  so lutio n  Re d uc tio n ( %)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Co st       € /m 2        4 0 . 8 2     3 8 . 7 3      SS          5 . 1 4  
E ne r gy c o nsump tio n M J /m 2       1 6 2 3 . 6 9       6 2 2 . 6 0      SS      6 1 . 6 6  
CO 2  e missio n    kg-CO 2 /m 2    1 3 5 . 6 4     4 7 . 7 7      SS      6 4 . 7 8  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
 
Fr om T a bl e  4, i t  i s  e vi de nt  t ha t  t he  s t r uc t ur a l  SS of f e r s  a  be t t e r  s ol ut i on c ons i de r i ng a l l  t he  
t hr e e  pa r a me t e r s  a na l ys e d. In f a c t , t he  s t r uc t ur a l  SS a l l ows  f or  a  r e duc t i on of  5.14% , i n bui l di ng 
c os t , a  r e duc t i on of  61.66%  i n e ne r gy c ons umpt i on a nd a  r e duc t i on of  64.78%  i n CO 2  e mi s -
s i ons . In t hi s  c a s e , t he s e  r e s ul t s  s how t ha t  a l t hough t he  s t r uc t ur a l  SS ma y not  of f e r  a  s i gni f i c a nt  
f i na nc i a l  be ne f i t , i t  i s  muc h mor e  e nvi r onme nt a l  f r i e ndl y. 
6 M AIN CONCLUSIONS 
It  wa s  not i c e d t ha t  t he r e  i s  s t i l l  a  c e r t a i n l a c k of  e xpe r i e nc e  i n a ppl yi ng t he  c ur r e nt  r e gul a t i ons  
f or  t he  de s i gn of  s t r uc t ur a l  s ol ut i ons  ba s e d on na t ur a l  r a w ma t e r i a l s , a s  we l l  a s  a  l a c k of  c om-
me r c i a l  c omput e r  pr ogr a ms  f or  t he  de s i gn of  s t r uc t ur a l  e l e me nt s  ma de  of  na t ur a l  ma t e r i a l s , a s  
e a r t h ba s e d bui l di ng pr oduc t s . 
T wo s t r uc t ur a l  s ol ut i ons  we r e  s t udi e d, de f i ne d, de s i gne d a nd c ompa r e d, na me l y a  ST  a nd a  
SS s ol ut i on, f or  a  t ypi c a l  Por t ugue s e  s i ngl e  f a mi l y hous e . St r uc t ur a l  bui l di ng de t a i l s  a r e  pr o-
pos e d f or  bot h s t r uc t ur a l  s ol ut i ons  s t udi e d. T he  bui l di ng de t a i l s  de f i ne d f or  t he  s t r uc t ur a l  SS 
ha ve  a n a ddi t i ona l  r e l e va nc e  be c a us e  t he r e  i s  s t i l l  a  l a c k of  e xpe r i e nc e  i n t hi s  f i e l d. 
T he r e  a r e  s e ve r a l  r e s e a r c h wor ks  f oc us e d on t he  qua nt i f i c a t i on of  uni t a r y va l ue s  of  e ne r gy 
c ons umpt i on a nd noxi ous  ga s e s  r e l e a s e d i nt o t he  a t mos phe r e , f or  di f f e r e nt  bui l di ng ma t e r i a l s . 
Howe ve r , t he s e  va l ue s  ma y di f f e r  c ons i de r a bl y a mong t hos e  wor ks . T hi s  f a c t  ma y be  a s s oc i a t e d 
t o di f f e r e nt  a ppr oa c he s  a nd a s s umpt i ons  ma de  i n t he  me a s ur e me nt  of  t he  l i f e -c yc l e  t i me  pe r i ods  
a nd i n t he  c ons i de r e d f a br i c a t i on pr oc e s s e s . 
T he  e nvi r onme nt a l  pa r a me t e r s  c ons i de r e d i t  t he  c ompa r a t i ve  a na l ys i s  of  t he  t wo s t r uc t ur a l  
s ol ut i ons  s t udi e d a r e  t he  e ne r gy c ons umpt i on a nd t he  noxi ous  ga s e s  r e l e a s e d i nt o t he  a t mos -
phe r e  ( c onve r t e d i nt o CO 2  e mi s s i ons ) . T he  c ompa r i s on of  t he  t wo s t r uc t ur a l  s ol ut i ons  ha s  
s hown t ha t  t he  s t r uc t ur a l  SS i s  c l e a r l y mor e  f a vour a bl e , i n f i na nc i a l  t e r ms , but  ma i nl y i n e nvi -
r onme nt a l  t e r ms . T he  r e s ul t s  pl a i nl y de mons t r a t e  t he  a dva nt a ge s  of  us i ng na t ur a l  ma t e r i a l s  i n 
t he  Por t ugue s e  c ons t r uc t i on c ont e xt  i n ge ne r a l , a nd t he  us e  of  a dobe  l oa d-be a r i ng wa l l s  i n pa r -
t i c ul a r  i n t he  c ons t r uc t i on of  s i ngl e  f a mi l y hous e s . T he s e  r e s ul t s  ma y be  ge ne r a l i ze d f or  ma ny 
ot he r  c i vi l  e ngi ne e r i ng c ons t r uc t i on wor ks , a nd c a n c ont r i but e  f or  a  mor e  s us t a i na bl e  wor l d. 
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 1 INST RODUCT ION 
1.1 General 
Int e r l oc ki ng mor t a r l e s s  or  “ dr y-s t a c k”  ma s onr y c ons t r uc t i on r e f e r s  t o a  t e c hni que  of  bui l di ng 
ma s onr y wa l l s , i n whi c h mos t  of  t he  ma s onr y uni t s  a r e  l a i d wi t hout  mor t a r . A l i mi t e d a mount  of  
mor t a r  i s  a l l owe d f or  s t a r t e r  a nd t op c our s e s . T he  s t r uc t ur a l  us e  of  dr y-s t a c k ma s onr y r e l i e s  on 
me c ha ni c a l  i nt e r l oc ki ng me c ha ni s m be t we e n uni t s . T he  i nt e r l oc ki ng me c ha ni s m pr ovi de s  t he  
wa l l ’ s  s t a bi l i t y, s e l f  a l i gnme nt  a nd l e ve l l i ng. 
Dr y-s t a c k c ons t r uc t i on ha s  e xi s t e d i n Af r i c a  f or  t hous a nds  of  ye a r s . T he  Egypt i a n pyr a mi ds  
a nd t he  gr e a t  Zi mba bwe a n r ui ns , a  c a pi t a l  of  Shona  ki ngdom, a r e  l i ve  e xa mpl e s  of  a nc i e nt  dr y-
s t a c k c ons t r uc t i on ( Uzoe gbo & Ngowi , 2003) .  
Anc i e nt  dr y-s t a c k ma s onr y c ons i s t e d of  r obus t  c ons t r uc t i on a nd t he  huge  s t r uc t ur a l  e l e me nt s  
we r e  bot h ma t e r i a l  a nd t i me  c ons umi ng c ons t r uc t i on pr oc e s s . On t ha t  t i me , i nt e r e s t  on dr y-s t a c k 
ma s onr y ha d be e n l os t  a nd a t t e nt i on wa s  f oc us s e d on r e s e a r c hi ng a nd a ppl yi ng i ndus t r i a l i ze d 
ma t e r i a l s  s uc h a s  f i r e d c l a y br i c k, c e me nt , c onc r e t e , s t e e l  a nd pa ne l s  of  va r i ous  t ype s . 
T he  i ndus t r i a l i ze d ma t e r i a l s  we r e  e xpe ns i ve  a nd not  a f f or da bl e  f or  t he  ma j or i t y of  poor  pe o-
pl e . Inf r a s t r uc t ur e s  we r e  pr ovi de d i n c i t y c e nt r e s  a nd ot he r  poi nt s  of  e c onomi c  a nd pol i t i c a l  i n-
t e r e s t s . T he  ma j or i t y of  poor  pe opl e  l i vi ng i n s ubur bs  a nd c ount r ys i de  r e ma i ne d home l e s s . In 
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ABST RACT :  Int e r l oc ki ng mor t a r -l e s s  or  “ dr y-s t a c k”  ma s onr y c ons t r uc t i on r e f e r s  t o a  t e c h-
ni que  of  bui l di ng  ma s onr y wa l l s , i n whi c h mos t  of  t h e  ma s onr y uni t s  a r e  l a i d wi t hout  mor t a r . 
Soi l -c e me nt  dr y-s t a c k s ys t e m i s  one  of  c os t -e f f e c t i ve  c ons t r uc t i on. Sa vi ngs  up t o 27%  c om-
pa r e d t o c onve nt i ona l  mor t a r e d ma s onr y ha ve  be e n r e por t e d ( Ngowi , 2005) . Hydr a f or m dr y-
s t a c k c ons t r uc t i on s ys t e m wa s  i nt r oduc e d i n 1988 i n Sout h Af r i c a  by Hydr a f or m Af r i c a  ( Pt y)  
Lda . Af t e r  ne a r l y t wo de c a de s , t he  s ys t e m i s  c ur r e nt l y be i ng us e d ove r  40 c ount r i e s  wor l dwi de . 
Cur r e nt  a ppl i c a t i on of  dr y-s t a c k c ons t r uc t i on e xt e nds  f r om r ur a l  c ommuni t y hous e s , ur ba n a nd 
s ubur b s e ve r a l  a ppl i c a t i ons  i n me di um-s i ze d s oc i a l  a nd c omme r c i a l  bui l di ngs  s uc h a s  s c hool s , 
hos pi t a l s , of f i c e s , s hops  a nd s t or e s . T he  i nt e ns e  r e s e a r c h wor k ha s  s o f a r  pr ovi de d a  ba s i c  un-
de r s t a ndi ng of  t he  s t r uc t ur a l  be ha vi our  of  dr y-s t a c k c ons t r uc t i on a nd t he  s ys t e m i s  now mor e  
c ompe t i t i ve . T hi s  pa pe r  hi ghl i ght s  t he  s t r uc t ur a l  r e s pons e  of  Hydr a f or m bl oc k uni t s  a nd wa l l s  
unde r  c ompr e s s i ve  t e s t i ng. 
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or de r  t o pr ovi de  s he l t e r  f or  t he ms e l ve s , t he y ha d t o opt  f or  pr e c a r i ous  ma t e r i a l s  whi c h i n ma ny 
c a s e s  we r e  una bl e  t o gi ve  t he m s a f e t y a nd c omf or t . 
Re ne we d i nt e r e s t  i n dr y-s t a c k c ons t r uc t i on i s  s e e n i n t he  l a s t  t wo de c a de s . Among ot he r s , 
s oi l -c e me nt  dr y-s t a c k s ys t e m i s  one  of  c os t -e f f e c t i ve  c ons t r uc t i on s i nc e  s oi l  i s  t he  mos t  a va i l -
a bl e  c ons t r uc t i on ma t e r i a l  i n t he  e a r t h. T he  i nt e ns e  r e s e a r c h wor k ha s  s o f a r  pr ovi de d a  ba s i c  
unde r s t a ndi ng of  t he  s t r uc t ur a l  be ha vi our  of  dr y-s t a c k c ons t r uc t i on a nd t he  s ys t e m i s  now mor e  
c ompe t i t i ve  t ha n be f or e .  
Se ve r a l  dr y-s t a c k s ys t e ms  a r e  be i ng us e d ove r  t he  wor l d. M or e  t ha n t we nt y t hr e e  di f f e r e nt  
dr y-s t a c k s ys t e ms  a r e  c ur r e nt l y be i ng c omme r c i a l i s e d ( Ngowi , 2005) . T he  c ur r e nt  a ppl i c a t i on 
of  dr y-s t a c k c ons t r uc t i on e xt e nds  f r om r ur a l  c ommuni t y hous e s , ur ba n a nd s ubur b a ppl i c a t i ons  
i n me di um-s i ze d s oc i a l  a nd c omme r c i a l  bui l di ngs  s uc h a s  s c hool s , hos pi t a l s , of f i c e s , s hops  a nd 
s t or e s . 
T he  wor l dwi de  r e s e a r c h on dr y-s t a c k s ys t e ms  ha s  not  ye t  e s t a bl i s he d a  s t a nda r d c ode  f or  a  
r a t i ona l  de s i gn.  
T he  Uni ve r s i t y of  t he  W i t wa t e r s r a nd i n c ol l a bor a t i on of  Hydr a f or m Af r i c a  ( Pt y)  Lt d i s  c ur -
r e nt l y i nve s t i ga t i ng t he  s t r uc t ur a l  be ha vi our  of  Hydr a f or m dr y-s t a c k ma s onr y unde r  di f f e r e nt  
a ppl i c a t i ons . T hi s  pa pe r  s umma r i s e s  t he  r e s e a r c h wor k s o f a r  done  wi t h Hydr a f or m dr y s t a c k 
s ys t e m.  
2 HYDRAFORM  DRY-ST ACK  INT ERLOCK ING SIYST EM  
2.1 Hydraform interlocking system 
Hydr a f or m i nt e r l oc ki ng bl oc ks  a r e  pr oduc e d by mi xi ng s oi l  a nd c e me nt  i n pr e de t e r mi ne d r a t i os  
a nd e xt r udi ng t he m ve r t i c a l l y unde r  a  pr e s s ur e  of  a bout  10 N/ mm 2  us i ng a  hydr a ul i c  powe r e d 
ma c hi ne . Ful l  s c a l e  a nd c or ne r  bl oc ks  a r e  a va i l a bl e  i n t he  Hydr a f or m s ys t e m a nd t he  bl oc k di -
me ns i ons  a r e  s hown i n f i gur e  1. 
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Figur e  1 .  B lo c k unit’s la yo ut.  
 
 
A t ypi c a l  c ons t r uc t i on me t hod i s  s hown i n f i gur e  2. T he  ba s e  c our s e  i s  l a i d i n mor t a r  up t o 
one  c our s e  a bove  a  f l oor  l e ve l . T he  mi ddl e  c our s e s  a r e  dr y-s t a c k up t o l i nt e l  l e ve l . T he  t op t hr e e  
c our s e s  a r e  nor ma l l y l a i d i n mor t a r  t o f or m a  r i ng be a m a t  t he  t op of  s t r uc t ur e . Al t e r na t i ve l y, a  
r e i nf or c e d c onc r e t e  r i ng be a m c oul d be  c a s t  a t  t he  t op. 
2.2 Opportunities and issues on Hydraform dry-stack system 
Hydr a f or m s oi l -c e me nt  dr y-s t a c k ma s onr y i s  a  c os t -e f f e c t i ve  c ons t r uc t i on s ys t e m. T he  ma j or  
ma t e r i a l  c ompone nt  i s  s oi l , t he  mos t  a bunda nt  c ons t r uc t i on ma t e r i a l  i n e a r t h. In ma ny c ommu-
ni t i e s , s oi l  i s  a  f r e e  ma t e r i a l  a nd no r e l e va nt  t e c hnol ogy i s  r e qui r e d t o e xpl oi t  i t . Re l e va nt  c os t s  
a r e  due  t o c e me nt  a nd bl oc k pr oduc t i on ma c hi ne r y. Howe ve r , c e me nt  a ppe a r s  i n l ow qua nt i t i e s . 
For  l ow r i s e  r e s i de nt i a l  hous e s , 5 t o 10 %  c e me nt  c ont e nt  by vol ume  of  dr y mi xt ur e  of  s oi l  a nd 
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c e me nt  s houl d be  a de qua t e . W i t h t he  bl oc k ma ki ng ma c hi ne s  be i ng mobi l e , one  ma c hi ne  s houl d 
be  e nough t o pr oduc e  bl oc ks  f or  t hous a nd of  hous e s . Bl oc k ma ki ng ma c hi ne  r e ve nue  r e ma i ns  
on pr ope r  pl a nni ng a nd ma na ge me nt . 
Se ve r a l  s ma l l  l oc a l  e nt r e pr e ne ur s  una bl e  t o ma ke  bus i ne s s  on t he  i ndus t r i a l i s e d a nd s ophi s t i -
c a t e d c ons t r uc t i on s ys t e ms  a r e  now a bl e  t o r un s ma l l  s c a l e  bus i ne s s  a nd c r e a t e  we a l t h. J ob op-
por t uni t i e s  a r e  c r e a t e d f or  j obl e s s  mos t  of  t he m uns ki l l e d pe opl e . Communi t i e s  wi t h l ow i n-
c ome  c a n ma ke  pl a n t o a c c e s s  de c e nt  l ow c os t  hous e s . 
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Figur e  2 .  T yp ic a l c o nstr uc tio n d e ta il o f H yd r a fo r m d r y-sta c k syste m.  
 
 
Sa vi ngs  on m or t a r , f a s t e r  c ons t r uc t i on pr oc e s s , l ow s ki l l e d l a bour  e mpl oyme nt , c he a pe r  
bl oc k pr oduc t i on, t r a ns por t  s a vi ngs  a nd mor e  a r e  s hown t o be  t he  ke y f or  t he  a t t r a c t i ve ne s s  of  
dr y-s t a c k s ys t e m. Cos t  s a vi ngs  up t o 27 %  c ompa r e d t o c onve nt i ona l  bl oc k ma s onr y c ons t r uc -
t i on ha ve  be e n r e por t e d ( Ngowi , 2005) . 
Shor t a ge  of  hous e s , f or c e s  pe opl e  t o l i ve  i n c r owde d c ondi t i ons . T hi s  f a c t  l e a ds  t o s oc i a l  i n-
s t a bi l i t y, c r i me , unha ppi ne s s  a nd a na r c hy. Epi de mi c  di s e a s e s  l e a di ng t o l a r ge  s c a l e  de a t hs  a r e  
c ommon i n home l e s s  pe opl e . Hydr a f or m bui l di ng s ys t e m c r e a t e s  f or  c ommuni t i e s , de c e nt  
hous e s  whi c h a r e  s a f e r  a nd muc h c omf or t a bl e . T hi s  e mpowe r s  c ommuni t i e s  a nd bui l ds  ha ppi e r , 
he a l t hy a nd mot i va t e d s oc i e t i e s . 
In r ur a l  c ommuni t i e s  of  l ow i nc ome , t he  hut  i s  t he  mos t  t ype  of  c ons t r uc t i on a f f or de d. Hut s  
c a n a l s o be  s e e n i n ma ny s ubur b poor  a r e a s . Hut  c ons t r uc t i on ma t e r i a l  c os t s  ve ge t a t i on de va s t a -
t i on. Adopt i on of  s oi l -c e me nt  c ons t r uc t i on c a n s i gni f i c a nt l y c ont r i but e  t o a  he a l t h e nvi r onme nt . 
Cl a y bl oc k pr oduc t i on r e qui r e s  l a r ge  a mount  of  e ne r gy f or  he a t i ng pr oc e s s . He a t i ng c a n c os t  
l a r ge  a mount  of  wood or  c ons ume  e l e c t r i c i t y pr oduc e d by bur ni ng c oa l  a nd e xpe l  s moke  t o a t -
mos phe r e . Soi l -c e me nt  c ons t r uc t i on r e qui r e s  a  ve r y l ow a mount  of  e ne r gy i n a  pr oduc t i on pr oc -
e s s  t he r e f or e  e nvi r onme nt a l  be ni gn. 
3 BLOCK  UNIT S COM PRESSIV E ST RENGT H 
3.1 General 
In t he  e va l ua t i on of  c ompr e s s i ve  s t r e ngt h of  c onve nt i ona l  ma s onr y bl oc k uni t s , di f f e r e nt  c ode s  
r e c omme nd di f f e r e nt  pr oc e dur e s . T he  Br i t i s h St a nda r d ( BS)  r e c omme nds  t hr e e  me t hods . One  
c ons i s t s  of  c a ppi ng s pe c i me ns  wi t h mor t a r  a nd i mme r s i ng t he m i n wa t e r . W he n t he  mor t a r  ha s  
r e a c he d s t r e ngt h of  a t  l e a s t  28 M Pa , s pe c i me ns  a r e  r e move d f r om wa t e r , a l l owe d t o dr a i n unde r  
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da mp s a c ki ng a nd t e s t e d. Ot he r  me t hod c ons i s t s  of  i mme r s i ng s pe c i me ns  i n wa t e r  wi t hout  c a p-
pi ng t he m wi t h a ny s ubs t a nc e . Af t e r  r e ma i ni ng i n wa t e r  f or  a t  l e a s t  s i xt e e n hour s , s pe c i me ns  a r e  
r e move d a nd i mme di a t e l y t e s t e d. T he  t hi r d me t hod de s c r i be d i n BS c ons i s t s  of  c a ppi ng t he  
s pe c i me ns  wi t h f i br e  boa r d a nd i mme r s e  t he m i n wa t e r  f or  a t  l e a s t  s i xt e e n hour s . Spe c i me ns  a r e  
t he n r e move d a nd a l l owe d t o dr a i n unde r  da mp s a c ki ng be f or e  t e s t i ng. A mi ni mum of  ni ne  
s pe c i me ns  a r e  r e qui r e d f or  e a c h c ompr e s s i ve  t e s t  ( BS 6073:  Pa r t  1, 1981) . Sout h Af r i c a n St a n-
da r ds  s pe c i f y a  t e s t i ng me t hod s i mi l a r  t o t ha t  s pe c i f i e d i n Br i t i s h St a nda r ds . 
T he  Ame r i c a n Soc i e t y f or  T e s t i ng a nd M a t e r i a l s  ( AST M )  r e c omme nds  t wo me t hods . One  
c ons i s t s  i n c a ppi ng e a c h ma s onr y uni t  wi t h a  ne t  pa s t e  of  hi gh-s t r e ngt h pl a s t e r  a nd t e s t i ng a t  
l e a s t  f i ve  s pe c i me ns . Anot he r  me t hod c ons i s t s  i n c a ppi ng t he  s pe c i me n wi t h s ul phur  a nd gr a nu-
l a r  ma t e r i a l . A mi xt ur e  of  40 %  t o 60 %  of  s ul phur  a nd f i r e  c l a y or  ot he r  s ui t a bl e  i ne r t  ma t e r i a l  
i s  us e d t o c a pe  a t  l e a s t  f i ve  s pe c i me ns  be f or e  t e s t i ng ( AST M :  Pa r t  12, 1971) . 
For  i nt e r l oc ki ng ma s onr y bl oc k uni t s , t he r e  i s  no e xi s t i ng s t a nda r d gui de l i ne s  t o e va l ua t e  t he  
c ompr e s s i ve  s t r e ngt h. Ea c h dr y-s t a c k s ys t e m i s  uni que , t he r e f or e  di f f e r e nt  t ype s  of  i nt e r l oc ki ng 
me c ha ni s m wi l l  ne e d di f f e r e nt  t e s t i ng pr oc e dur e s . T he  i r r e gul a r  ge ome t r i c  f or m of  t he  bl oc ks  i s  
not  c ompa t i bl e  wi t h t he  c onve nt i ona l  me t hod of  t e s t i ng. 
3.2 Compressive testing methods for Hydraform block units 
T hr e e  t e s t i ng me t hods  we r e  c ons i de r e d. T he  f i r s t  t e s t i ng me t hod r e f e r s  t o a  s houl de r  l oa di ng of  
t he  bl oc k uni t s . T hi s  t e s t i ng a r r a nge me nt  wa s  a dopt e d t o s i mul a t e  t ypi c a l  Hydr a f or m dr y-s t a c k 
a ppl i c a t i on. T he  bl oc k on t op s i t s  di r e c t l y on t he  s houl de r  of  t he  uni t  be l ow, c r e a t i ng a  3 t o 4 
mm i nt e r f a c e  ga pe  i n t he  c e nt r a l  pa r t  of  t he  bl oc k uni t . For  i n pl a ne  ve r t i c a l  l oa di ng, t he  be a r i ng 
a r e a  i s  r e duc e d t o t he  bl oc k s houl de r s . 
T he  s e c ond t e s t i ng me t hod i s  t he  c e nt r e  l oa di ng of  f ul l  s c a l e  a nd c or ne r  bl oc ks . W he n Hydr a -
f or m bl oc k uni t s  a r e  l a i d on mor t a r  ( f ounda t i on a nd r i ng bl oc k c our s e s )  i t  i s  l i ke l y t ha t  t he  ve r -
t i c a l  l oa d or  pa r t  of  i t  wi l l  be  a ppl i e d on t he  c e nt r a l  r e gi on of  t he  bl oc k. T he  r oof  s t r uc t ur e  i s  
a l s o l i ke l y t o r e s t  on t he  c e nt r a l  pa r t  of  t he  bl oc k uni t . T hi s  s i t ua t i on i s  s i mul a t e d i n t hi s  me t hod 
of  t e s t i ng. 
T o c ompl y wi t h t he  s t a nda r d t e s t i ng of  f l a t  s pe c i me ns  i n c onve c t i ona l  ma s onr y, c ube  l oa di ng 
t e s t  we r e  a dopt e d i n Hydr a f or m bl oc ks  a s  t he  t hi r d t e s t i ng me t hod. 100x100 mm c ube s  c ut  f r om 
f ul l  s c a l e  bl oc ks  we r e  t e s t e d. Ea c h f ul l  s c a l e  bl oc ks  we r e  c ut  i n f our  pa r t s  t o f or m t he  c ube s . 
Cube s  we r e  s e pa r a t e d a s  t op or  bot t om c ube s . T op a nd bot t om s i de  of  t he  bl oc k r e f e r s  t o how 
t he  bl oc k i s  pos i t i one d dur i ng pr oduc t i on pr oc e s s . T he  bot t om s i de  of  t he  bl oc k i s  mor e  c om-
pa c t  ( de ns e )  whi l e  t he  t op s i de  i s  l e s s  c ompa c t  ( l ow de ns e ) . T he  c ube  t e s t i ng wa s  a l s o c a r r i e d 
out  t o i nve s t i ga t e  t he  bl oc k i nt e r na l  c ompr e s s i ve  s t r e ngt h due  t o de ns i t y di s t r i but i on. 
3.3 Preparation of specimens 
Spe c i me ns  we r e  t e s t e d unde r  t hr e e  di f f e r e nt  humi di t y c ondi t i ons , ove n-dr y, we t  a nd nor ma l . 
Dr y s a mpl e s  we r e  s t or e d i n a n ove n a t  a  t e mpe r a t ur e  of  50 o C f or  24 hour s  be f or e  t e s t i ng. W e t  
s a mpl e s  w e r e  s oa ke d i n wa t e r  a t  a  t e mpe r a t ur e  of  21 o C f or  24 hour s  a nd a l l owe d t o be  s ur f a c e -
dr y f or  one  hour  be f or e  t e s t i ng. T he  nor ma l  s a mpl e s  we r e  s t or e d i n pa l l e t s  a t  nor ma l  a mbi e nt  
c ondi t i ons  ( NAC)  on a n ope n s pa c e . T e n bl oc k s a mpl e s  we r e  t e s t e d t o obt a i n a n a ve r a ge  c om-
pr e s s i ve  s t r e ngt h. 
Bl oc k uni t s  we r e  c l a s s i f i e d a c c or di ng t o t he  c e me nt  vol ume  us e d a s  s t a bi l i zi ng a ge nt . T he  
c or ne r  bl oc ks  c e me nt  c ont e nt  wa s  7 a nd 10 %  a nd f or  f ul l  bl oc ks  a nd c ube s  c e me nt  c ont e nt  wa s  
5, 7, 10, 15 a nd 20 % . T e s t  r e s ul t s  a r e  r e pr e s e nt e d i n T a bl e  - 1. T he  s t r e ngt hs  we r e  ba s e d on a n 
a r i t hme t i c  me a n of  t e n s a mpl e s . 
3.4 Remarks from test results 
T a bl e  - 1 s umma r i s e s  t e s t  r e s ul t s  f r om t he  e xpe r i me nt s . T he  c or ne r  bl oc k uni t s  c e me nt  c ont e nt  
wa s  7 a nd 10 %  a nd f or  f ul l  s c a l e  bl oc k uni t s  a nd c ube s , c e me nt  c ont e nt  wa s  5, 7, 10 a nd 20 % . 
T he  c ompr e s s i ve  t e s t  r e s ul t s  be l ow, l e d t o r e l e va nt  a s pe c t s , uni que  f or  Hydr a f or m dr y-s t a c k 
bl oc k uni t s . By c ut t i ng a  f ul l  s c a l e  bl oc k i nt o t op a nd bot t om c ube s , di f f e r e nt  s t r e ngt hs  c a n be  
s e e n f or  t he  s a me  bl oc k uni t . T he  bot t om pa r t  of  t he  uni t  i s  muc h s t r onge r . T he  s houl de r  bl oc k 
Portugal SB10: Sustainable Building Affordable to All
292
uni t  t e s t  r e s ul t s  r e ve a l  s a me  s t r e ngt h a s  t he  bot t om s t r onge r  c ube . T he  bl oc k uni t  e xhi bi t s  ve r y 
good r e s i s t a nc e  be ha vi our  c ompa r e d t o t he  t op ( we a ke r )  c ube . T he  ma s onr y wa l l  i s  bui l t  us i ng 
f ul l  s c a l e  a nd c or ne r  bl oc k uni t s  a nd not  by t he  i s ol a t e d t op c ube s . T he  a bove  c ompl e x t e s t  f i nd-
i ngs  ma de  i t  di f f i c ul t  t o de c i de  whi c h t e s t i ng pr oc e dur e  c oul d be  a dopt e d a s  s t a nda r d t o a c c e s s  
Hydr a f or m bl oc k uni t  c ompr e s s i ve  s t r e ngt h. Ba s e d on t he  moi s t ur e  c ont e nt  i nf l ue nc e  on t he  
bl oc k uni t  s t r e ngt h, a s s oc i a t e d t o t he  r e a l  a ppl i c a t i on of  Hydr a f or m s ys t e m, t he  a ut hor  s ugge s t s  
t ha t  bot h t he  f ul l  a nd c or ne r  bl oc k uni t  s houl de r  t e s t i ng a s  we l l  a s  bot t om c ube  c a n be  us e d t o 
a c c e s s  t he  Hydr a f or m uni t  c ompr e s s i ve  s t r e ngt h. T he  s t r e ngt h i s  r e f e r r e d t o we t  s pe c i me ns . W e t  
s t r e ngt h i s  a ppr oxi ma t e l y 60 %  of  t he  nor ma l  s t r e ngt h. 
 
T a b le  1 .  Co mp r e ssive  str e ngth te st r e sults.  
D e sc r ip tio n  M e a n Str e ngth [ M P a ]  
B lo c ks  % o f Ce me nt W e t N AC D r y 
D e signa tio n  Co nte nt Sp e c ime ns Sp e c ime ns Sp e c ime ns 
  7  4 , 5  5 , 9  8 , 3  
Co r ne r  B lo c ks  1 0  8 , 4  1 2 , 7  1 5 , 2  
  5  3 , 1  6 , 1  6 , 7  
 7  4 , 8  8 , 2  8 , 7  
Full B lo c ks  1 0  9 , 0  1 3 , 6  1 5 , 5  
  2 0  1 3 , 8  2 0 , 2  2 0 , 0  
  5  1 , 8  2 , 5  3 , 2  
 7  3 , 5  5 , 3  7 , 7  
T o p  Cub e  1 0  7 , 6  1 0 , 1  1 2 , 4  
  2 0  1 0 , 9  1 7 , 3  1 7 , 2  
  5  2 , 8  4 , 7  5 , 3  
 7  4 , 6  7 , 3  9 , 2  
B o tto m Cub e  1 0  8 , 6  1 2 , 9  1 4 , 2  
  2 0  1 4 , 4  1 8 , 5  2 1 , 1  
 
 
In ma ny c ode s  of  pr a c t i c e  f or  s t r uc t ur a l  us e  of  ma s onr y, c onve nt i ona l  bl oc k uni t  gr a de s  a r e  
ba s e d on t he i r  c ompr e s s i ve  s t r e ngt h. T hi s  f a c t  ha s  e f f e c t  i n a l l owi ng t he  ma nuf a c t ur i ng i ndus t r y 
t o pr oduc e  onl y s t a nda r d gr a de s  of  uni t s  a l l owi ng a  r a t i ona l  de s i gn pr oc e dur e . W i t h de s i gn, 
ma nuf a c t ur e  a nd c ons t r uc t i on na r r owe d t o s t a nda r d gr a de s  of  ma t e r i a l , qua l i t y, s a f e t y a nd r e gu-
l a t e d c ons t r uc t i on c a n be  a c hi e ve d. Si mi l a r l y, i t  i s  c onve ni e nt  t o s t a nda r di ze  Hydr a f or m dr y-
s t a c k bl oc k uni t s  i n gr a de s  of  t he i r  c ompr e s s i ve  s t r e ngt h. T a bl e  - 2 s ugge s t s  t he  nomi na l  c om-
pr e s s i ve  s t r e ngt h f or  Hydr a f or m bl oc k uni t s . 
 
T a b le  2 .  H yd r a fo r m b lo c k unit c o mp r e ssive  str e ngth  
Ce me nt Co nte nt N o mina l Co mp r e ssive  Str e ngth 
[  % ]  o f B lo c k U nits [  M P a  ]  
5  3 , 0  
7  5 , 0  
1 0  8 , 0  
1 5  1 0 , 0  
2 0  1 2 , 0  
2 5  1 4 , 0  
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4 COM PRESSIV E ST RENGT H OF DRY-ST ACK  M ASONRY PANEL 
4.1 General 
Cha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h of  ma s onr y i s  a n i mpor t a nt  pa r a me t e r  f or  de s i gn of  wa l l s  
s ubj e c t e d t o i n-pl a ne  uni f or ml y di s t r i but e d l oa di ng. It s  l a bor a t or y de t e r mi na t i on f or  c onve n-
t i ona l  ma s onr y i s  hi ghl y di s c us s e d i n ma ny c ode s  of  pr a c t i c e . In t he  a bs e nc e  of  l a bor a t or y t e s t s , 
s t a nda r di ze d va l ue s  of  c ha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h pr ovi de d i n c ode s  of  pr a c t i c e  ma y be  
us e d. For  dr y-s t a c k ma s onr y t he r e  i s  no l a bor a t or y t e s t i ng me t hod or  s t a nda r d va l ue s  of  c ha r a c -
t e r i s t i c  c ompr e s s i ve  s t r e ngt h ye t . In t hi s  pa pe r , t he  a ut hor  pr e s e nt s  r e c e nt  r e s e a r c h a nd l a bor a -
t or y t e s t i ng da t a  on Hydr a f or m dr y-s t a c k ma s onr y pa ne l s . Re c omme nda t i ons  we r e  ma de  t o-
wa r ds  a  s t a nda r d de t e r mi na t i on of  c ha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h. 
4.2 Hydraform dry-stack panels testing 
Dr y-s t a c k wa l l  pa ne l s  we r e  c ons t r uc t e d i n l a bor a t or y us i ng bl oc k uni t s  of  di f f e r e nt  gr a de s . Four  
dr y-s t a c k wa l l  pa ne l s  c ons t r uc t e d wi t h 5M Pa , 9 M Pa , 12 M Pa  a nd 23 M Pa  uni t s  we r e  c ons i d-
e r e d. T he  c ons t r uc t i on me t hod f ol l owe d t he  de s c r i pt i on i n t he  ma nuf a c t ur e r ’ s  ma nua l . T he  f i r s t  
c our s e  of  bl oc ks  a nd t he  t op t hr e e  c our s e s  we r e  l a i d on mor t a r . T he  e nd ve r t i c a l  s t r i ps  we r e  a l s o 
l a i d on mor t a r . T he  mi d s e c t i on of  t he  pa ne l  ( ove r  70 %  of  t he  a l l  pa ne l  a r e a )  wa s  pl a i n dr y-
s t a c k, s e e  f i gur e  - 3. Ea c h wa l l  pa ne l  wa s  3,0 m l ong, 2,5 m he i ght  a nd 220 mm t hi c k a nd wa s  
c ons t r uc t e d on a  M a c kl ow-Smi t h ma c hi ne  pl a t e n t ha t  wa s  mount e d on a  hydr a ul i c  Ra m. A 3 m 
s pa n s t e e l  be a m wa s  us e d t o s pr e a d t he  l oa d a t  t he  t op of  t he  wa l l . T he  s pr e a de r  be a m c ons i s t s  
of  a  305x305x118 mm H-s e c t i on. Axi a l  c ompr e s s i on l oa d wa s  a ppl i e d a t  a  r a t e  of  2 kN/ mi n.  
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Figur e  3 .  W a ll p a ne l c o nstr uc tio n d e ta ils a nd  str a in ga uge  p o sitio ns 
4.3 Test results 
T a bl e  - 3 s hows  t e s t  r e s ul t s  c onduc t e d i n t he  ma s onr y dr y-s t a c k ma s onr y pa ne l  t e s t s . Si mi l a r  t o 
c onve nt i ona l  ma s onr y, t he  c ompr e s s i ve  s t r e ngt h of  dr y-s t a c k ma s onr y i nc r e a s e s  wi t h t he  i n-
c r e a s e  on bl oc k uni t  s t r e ngt h. Cons i s t e nt  pr opor t i ona l i t y wa s  obt a i ne d be t we e n t he  uni t  s t r e ngt h 
a nd t he  wa l l  s t r e ngt h. T he  r a t i o of  ma s onr y s t r e ngt h t o uni t  s t r e ngt h de c r e a s e s  wi t h i nc r e a s e  i n 
t he  uni t  s t r e ngt h a nd va r i e s  f r om 0,40 t o 0,20. T he  l a t e r a l  di s pl a c e me nt  r e s ul t s  we r e  not  c ons i s -
t e nt  a nd ma y ne e d f ur t he r  t e s t s  t o e s t a bl i s h a  t r e nd. 
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T a b le  3 .  H yd r a fo r m b lo c k unit c o mp r e ssive  str e ngth  
B lo c k U nit  U ltima te  B e a r ing M a so nr y M a so nr y M a ximum la te r a l 
c o mp r e ssive  c o mp r e ssive  Ar e a  c o mp r e ssive  / U nit d isp la c e me nt 
str e ngth [ M P a ]  lo a d  [ kN ]  [ m2 ]  str e ngth [ M P a ]  a sp e c t r a tio  [ mm]  
5  5 9 5  0 , 3  1 , 9 8  0 , 4 0  2 , 3 0  
9  7 2 1  0 , 3  2 , 4 0  0 , 2 7  1 0 , 0 0  
1 2  9 3 8  0 , 3  3 , 1 3  0 , 2 6  3 , 4 0  
2 3  1 3 6 0  0 , 3  4 , 5 3  0 , 2 0  4 0 , 0 0  
 
 
T a bl e  - 4 s umma r i ze s  Hydr a f or m dr y-s t a c k ma s onr y c ha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h a s  
f unc t i on of  bl oc k uni t  c ompr e s s i ve  s t r e ngt h. A pr oc e dur e  s i mi l a r  t o t ha t  us e d i n c onve nt i ona l  
ma s onr y wa s  us e d t o t r a ns f or m t he  ma s onr y c ompr e s s i ve  s t r e ngt h f r om t e s t i ng i n c ha r a c t e r i s t i c  
c ompr e s s i ve  s t r e ngt h f or  de s i gn.  
 
 
T a b le  4 .  H yd r a fo r m d r y-sta c k ma so nr y c ha r a c te r istic  c o mp r e ssive  str e ngth  
U nit M a so nr y c ha r a c te r istic  
c o mp r e ssive  c o mp r e ssive  
str e ngth [ M P a ]  str e ngth [ M P a ]  
3 , 0  1 , 1  
5 , 0  1 , 3  
8 , 0  1 , 6  
1 0 , 0  1 , 8  
1 2 , 0  2 , 0  
1 4 , 0  2 , 2  
1 6 , 0  2 , 4  
 
Ha vi ng a  nomi na l  uni t  c ompr e s s i ve  s t r e ngt h a nd ma s onr y c ha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h 
s ys t e ma t i ze d i n a  s t a nda r d ma nne r , de s i gn us i ng Hydr a f or m s ys t e m be c ome s  mor e  r a t i ona l  a nd 
s a f e . Fur t he r  r e s e a r c h i s  r e qui r e d t o e va l ua t e  a nd pr e s e nt  t he  f l e xur a l  a nd s he a r  s t r e ngt hs  of  
pl a i n Hydr a f or m dr y-s t a c k ma s onr y.  
5 CONCLUSIONS 
5.1 General 
Compr e s s i ve  s t r e ngt h of  a  bl oc k uni t  i s  l a r ge l y us e d t o de s c r i be  s e ve r a l  de s i gn pr ope r t i e s  of  
ma s onr y wa l l . Uni t  c ompr e s s i ve  t e s t i ng i s  i mpor t a nt  f or  bot h qua l i t y c ont r ol  a nd de s i gn. Dr y-
s t a c k ma s onr y i s  r e l a t i ve l y a  ne w t e c hnol ogy ye t  t o e s t a bl i s h a nd doc ume nt  t e s t i ng me t hods . 
Cha l l e nge  r e l i e s  on a  f a c t  t ha t  e a c h dr y-s t a c k i s  uni que  t he r e f or e  t e s t i ng me t hod wi l l  di f f e r  f r om 
s ys t e m t o s ys t e m. T hi s  wor k c ons t i t ut e s  a n e a r l y a t t e mpt  t o s t a nda r di ze  Hydr a f or m dr y-s t a c k 
s ys t e m. 
M oi s t ur e  c ont e nt  of  t he  bl oc ks  ha s  s i gni f i c a nt  a f f e c t  on t he  bl oc k c ompr e s s i ve  s t r e ngt h. 
Compr e s s i ve  s t r e ngt h of  we t  s pe c i me ns  i s  a ppr oxi ma t e l y 60 %  of  t he  dr y s pe c i me ns . For  de -
s i gn, we t  s pe c i me ns  a r e  us e d a s  a  s t a nda r d me t hod f or  e va l ua t i on of  bl oc k c ompr e s s i ve  
s t r e ngt h.  
Fr om wa l l  pa ne l s  t e s t i ng, i t  wa s  f ound t ha t , t he  wa l l  pa ne l  s t r e ngt h of  dr y-s t a c k s ys t e ms  un-
de r  ve r t i c a l  l oa d i s  di r e c t l y pr opor t i ona l  t o t he  s t r e ngt h of  t he  ma s onr y uni t s . 
W a l l  c ha r a c t e r i s t i c  c ompr e s s i ve  r e s i s t a nc e  c a n be  e va l ua t e d us i ng a  s i mi l a r  a ppr oa c h us e d t o 
a c c e s s  t he  c ha r a c t e r i s t i c  c ompr e s s i ve  s t r e ngt h of  c onve nt i ona l  ma s onr y. 
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1 INT RODUCT ION 
Nowa da ys , t he r e  i s  a n ove r a l l  a gr e e me nt  t ha t  bui l di ng a nd ope r a t i on of  ne w hous e s  s houl d ha ve  
a  r e duc e d e nvi r onme nt a l  i mpa c t . For  t ha t  pur pos e  hous e s  s houl d us e  e ne r gy a nd wa t e r  e f f i -
c i e nt l y, s a ve  ma t e r i a l s , ha ve  a n a de qua t e  di me ns i on, be  he a l t hy t o l i ve  i n, r e qui r e  l ow-i mpa c t  
ma i nt e na nc e , a nd l a s t  f or  a  l ong t i me . But  how do we  put  i n pr a c t i c e  t he s e  ge ne r a l  r e c omme n-
da t i ons ?  For  i ns t a nc e , wha t  i s  t he  a de qua t e  s i ze  of  a  hous e ?  
It  i s  c ommonl y unde r s t ood t ha t  a  hous e  s houl d be  bi g e nough t o me e t  t he  ne e ds  of  t he  oc c u-
pa nt s  f or  l i vi ng, c ooki ng, di ni ng, s l e e pi ng, wa s hi ng a nd s t or a ge  of  hous e hol d goods  a nd ha ve  a  
c onve ni e nt  a c c e s s  t o a de qua t e  r e s i de nt i a l  a me ni t y s pa c e . Spa c e  s t a nda r ds  s e t  t he  c ondi t i ons  t o 
f ul f i l  t hi s  obj e c t i ve  a nd us ua l l y r e gul a t e  mi ni mum c ondi t i ons  of :  ove r a l l  i nt e r na l  f l oor  a r e a , s i ze  
a nd di me ns i on of  i ndi vi dua l  r ooms , c e i l i ng he i ght  a nd l a yout  of  hous e s . 
T he  bui l di ng r e gul a t i ons  of  s e ve r a l  Eur ope a n c ount r i e s  i nc l ude  s pa c e  s t a nda r ds  f or  hous i ng. 
In Por t uga l  t he  s pa c e  s t a nda r ds  f or  ne w hous i ng we r e  r e vi e we d mor e  t ha n 30 ye a r s  a go ( De -
c r e e -La w No. 650/ 75) . No s pa c e  s t a nda r ds  a ppl y t o c ons t r uc t i on wor k i n e xi s t i ng bui l di ngs . 
T he  pur pos e  of  t he  s t udy i s  t o i nve s t i ga t e  t he  mi ni mum ne t  i nt e r na l  a r e a s  t ha t  s houl d be  e s -
t a bl i s he d by Por t ugue s e  bui l di ng r e gul a t i ons  f or  e xi s t i ng a nd ne w dwe l l i ngs . Four  r e s e a r c h 
que s t i ons  a r e  a ddr e s s e d:  
• W ha t  i s  t he  mi ni mum ne t  a r e a  of  dwe l l i ngs  a de qua t e  t o c ur r e nt  Por t ugue s e  l i vi ng s t a n-
da r ds ?  
• How doe s  t he  pr opos a l  f or  a  mi ni mum ne t  a r e a  of  dwe l l i ngs  c ompa r e  t o t he  r e qui r e me nt s  
s e t  by Por t ugue s e  bui l di ng r e gul a t i ons ?  
• W ha t  woul d t he  i mpa c t  be  i f  t he  pr opos a l  wa s  a dopt e d a s  t he  mi ni mum ma nda t or y r e -
qui r e me nt ?  
Ho w s mall can  a h o u s e b e?  
J . Branco P edro 
Laboratório Nacional de engenharia Civil, Lisboa, Portugal 
OTB Research Institute for Housing, Urban and Mobility Studies – Delft University of Technology 
ABST RACT :  A s t udy a bout  t he  mi ni mum ne c e s s a r y ne t  i nt e r na l  a r e a  of  dwe l l i ngs  t ha t  s houl d 
be  e s t a bl i s he d by Por t ugue s e  bui l di ng r e gul a t i ons  i s  pr e s e nt e d. T he  f ol l owi ng t a s ks  we r e  c a r -
r i e d out :  s e l e c t i ng t he  f ur ni t ur e  a nd e qui pme nt  ne c e s s a r y f or  e a c h dwe l l i ng;  de t e r mi ni ng t he  
s i ze  of  f ur ni t ur e  a nd e qui pme nt  a nd i t s  t ypi c a l  a r r a nge me nt ;  c onc e i vi ng mode l s  of  f unc t i ona l  
s pa c e s ;  de t e r mi ni ng t he  ne t  a r e a  of  f unc t i ona l  s pa c e s  a nd dwe l l i ngs ;  a nd c ompa r i ng r e s ul t s  wi t h 
s t a t i s t i c s  on hous i ng c ons t r uc t i on i n Por t uga l  a nd wi t h ma nda t or y a r e a  s t a nda r ds  us e d i n Por t u-
ga l  a nd t e n ot he r  Eur ope a n c ount r i e s . T he  c onc l us i ons  a r e  t ha t  t he  ne t  i nt e r na l  a r e a  pr e s e nt l y s e t  
by Por t ugue s e  bui l di ng r e gul a t i ons  s houl d be  i nc r e a s e d by 5 t o 15% . T he  ne t  i nt e r na l  a r e a  f i g-
ur e s  obt a i ne d by t he  s t udy a r e  s i mi l a r  t o ma nda t or y r e gul a t i ons  e s t a bl i s he d by s ome  ot he r  
Eur ope a n c ount r i e s . 
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• How doe s  t he  pr opos a l  c ompa r e  t o t he  a r e a  r e qui r e me nt s  pr e s e nt l y e nf or c e d i n ot he r  
Eur ope a n c ount r i e s ?  
 
2 T HE IM PORT ANCE AND DEFINIT ION OF SPACE ST ANDARDS 
Spa c e  s t a nda r ds  we r e  i nt r oduc e d t o s e t  mi ni mum ha bi t a bi l i t y c ondi t i ons , but  ha ve  pr ogr e s s i ve l y 
l os t  t he i r  i mpor t a nc e  i n t he  bui l di ng r e gul a t i ons  of  s e ve r a l  Eur ope a n c ount r i e s . Spa c e  s t a nda r ds , 
f or  e xa mpl e , ha ve  be e n c r i t i c i ze d a s  be i ng a n a r c ha i c  r e l i c  of  ha bi t a bi l i t y s t a nda r ds  a nd a  s ymp-
t om of  ove r -r e gul a t i on t ha t  r e s t r i c t s  i ndi vi dua l  f r e e dom. Howe ve r , t he y ha ve  pr ove d t o be  pos i -
t i ve  i ndi c a t or s  of  hous i ng qua l i t y. T he y a r e  s i mpl e  t o de t e r mi ne  a nd ve r i f y a nd pr ovi de  va l ua bl e  
i nf or ma t i on a bout  dwe l l i ng s pa c e  ( She r i da n 2003) . 
Spa c e  s t a nda r ds  a r e  a  me a s ur e  of  t he  a c c e pt a bl e  i nt e ns i t y of  dwe l l i ng oc c upa t i on i n t he  c on-
t e xt  of  t he  pr e va i l i ng c ul t ur a l , s oc i a l , c l i ma t i c , e c onomi c  a nd t e c hnol ogi c a l  c ondi t i ons  i n a  pa r -
t i c ul a r  s oc i e t y ( Chowdhur y 1985) . T he s e  c ondi t i ons  c ha nge  wi t h t i me , me a ni ng t ha t  s pa c e  
s t a nda r ds  s houl d be  upda t e d r e gul a r l y. 
T he  s t udy of  mi ni mum s pa c e  s t a nda r ds  i s  i mpor t a nt  f or  s e ve r a l  r e a s ons  ( She r i da n 2003, 
HAT C 2006, W r e n n.d.) :  
• T he r e  i s  s t r ong e vi de nc e  t ha t  pr e s s ur e s  a r i s i ng f r om s i t ua t i ons  of  ove r c r owdi ng ma y l e a d 
t o i nt e r pe r s ona l  a ggr e s s i on, wi t hdr a wa l  f r om t he  f a mi l y, s e xua l l y de vi a nt  be ha vi our , ps y-
c hol ogi c a l  di s t r e s s  or  phys i c a l  i l l ne s s . Fur t he r mor e , s ma l l  home s  whi c h do not  s uppor t  t he  
ne e ds  of  oc c upa nt s  ma y l e a d t o s oc i a l  c ohe s i on i s s ue s  a nd ne ga t i ve  s oc i a l  be ha vi our s . 
• Dwe l l i ngs  ha ve  a  l ong l i f e t i me , l a s t i ng f or  ge ne r a t i ons . It  i s  not  e a s y t o a nt i c i pa t e  t he  e vo-
l ut i on of  us e r s ’  ne e ds  a nd t he i r  i mpl i c a t i ons  f or  s pa c e  s t a nda r ds . A dwe l l i ng’ s  f l e xi bi l i t y 
e na bl e s  i t s  a da pt a t i on t o t he  c ha ngi ng ne e ds  of  us e r s , but  de pe nds  gr e a t l y on i t s  i ni t i a l  
s pa t i a l  c ha r a c t e r i s t i c s . Sma l l e r  dwe l l i ngs  ha ve  l i mi t e d s c ope  f or  f l e xi bi l i t y a nd do not  
s uppor t  t he  ne e ds  of  gr owi ng f a mi l i e s . 
• T he  s pa c e  c ha r a c t e r i s t i c s  of  a  dwe l l i ng, e s t a bl i s he d dur i ng de s i gn a nd c ons t r uc t i on, a r e  
di f f i c ul t  t o c ha nge  dur i ng t he  r e s t  of  i t s  l i f e t i me . Spa t i a l  c ha nge s , whe n pos s i bl e , us ua l l y 
r e qui r e  c os t l y c ons t r uc t i on wor k. 
• Soc i a l , e c onomi c  a nd t e c hnol ogi c a l  c ha nge s  ha ve  a c c e l e r a t e d i n r e c e nt  ye a r s . T he s e  
c ha nge s  ha ve  i mpl i c a t i ons  f or  t he  us e  of  t he  home  a nd c ons e que nt l y f or  s pa c e  s t a nda r ds . 
• Hous e s  t ha t  pr ovi de  i na de qua t e  c ondi t i ons  t o dwe l l e r s  us ua l l y r e qui r e  mor e  ma i nt e na nc e  
a nd r e pa i r  wor ks  a nd ha ve  a  s hor t e r  s e r vi c e  l i ve . 
• M a ny of  t he  hous e s  of  t he  e xi s t i ng hous i ng s t oc k do not  f ul f i l  t he  s pa c e  s t a nda r ds  of  pr e -
s e nt  bui l di ng r e gul a t i ons . Dur i ng r e ha bi l i t a t i on wor ks  i t  i s  ne c e s s a r y t o de c i de  whi c h 
dwe l l i ngs  a r e  unf i t  a nd a r e  e i t he r  ma de  f i t  t o l i ve  i n or  de mol i s he d. 
Re l e va nt  s t udi e s  t o e s t a bl i s h mi ni mum s pa c e  s t a nda r ds  f or  hous i ng ha ve  be e n de ve l ope d i n 
Eur ope a n c ount r i e s  f or  s e ve r a l  de c a de s  ( e .g. K l e i n 1980, Pa r ke r  M or r i s  1961) . T he  a ppr oa c h 
ha s  be c ome  pr ogr e s s i ve l y mor e  s ophi s t i c a t e d ove r  t he  ye a r s . Spa c e  s t a nda r ds  ha ve  a l s o be e n s e t  
i n nume r ous  de s i gn ma nua l s  ( e .g. Ne uf e r t  1970, T ut t  & Adl e r  1979) . La t e r  e di t i ons  ha ve  up-
da t e d s ome  of  t he s e  ma nua l s . Re c e nt l y, ne w s t udi e s  we r e  c onduc t e d t o pr ovi de  s pa c e  s t a nda r ds  
whi c h a r e  up t o da t e  a nd a de qua t e  t o t he  l oc a l  c ont e xt  ( e .g. Pe dr o 1999, Boue r i  2005, HAT C 
2006) . T he s e  s t udi e s  a nd de s i gn ma nua l s  we r e  us e d a s  r e s e a r c h l i t e r a t ur e  f or  t hi s  s t udy. 
3 RESEARCH M ET HODOLOGY 
T he  s t udy wa s  de ve l ope d a c c or di ng t o t he  f ol l owi ng me t hodol ogy:  
• Se l e c t  t he  ne c e s s a r y f ur ni t ur e  a nd e qui pme nt  f or  e a c h f unc t i ona l  s pa c e . 
• De t e r mi ne  t he  s i ze  of  f ur ni t ur e  a nd e qui pme nt . 
• Fi nd out  t he  t ypi c a l  a r r a nge me nt  of  f ur ni t ur e  a nd e qui pme nt . 
• Dr a w mode l s  of  f unc t i ona l  s pa c e s . 
• Ana l yze  mode l s  t o de t e r mi ne  a r e a  of  e a c h f unc t i ona l  s pa c e . 
• Add t he  a r e a  of  a l l  f unc t i ona l  s pa c e s  t o de t e r mi ne  t he  a r e a  of  t he  dwe l l i ng. 
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• Compa r e  r e s ul t s  wi t h t he  ma nda t or y a r e a  r e qui r e me nt s  pr e s e nt l y s e t  i n Por t uga l  a nd i n 10 
ot he r  Eur ope a n c ount r i e s . 
T he  pa r a me t e r s  us e d t o s e t  oc c upa nt s ’  ne e ds  we r e  t he  numbe r  of  pe opl e  e xpe c t e d t o oc c upy 
t he  dwe l l i ng, a  c l a s s i f i c a t i on of  r e s i de nt i a l  f unc t i ons  a nd t wo l e ve l s  of  qua l i t y.  
T he  ne e ds  of  hous e hol ds  wi t h 1 t o 9 oc c upa nt s  we r e  s t udi e d. La r ge  hous e hol ds  we r e  s t udi e d 
be c a us e , a l t hough t he  a ve r a ge  s i ze  of  hous e hol ds  i n Por t uga l  i s  2.8 pe r s ons , 45%  of  t he  dwe l l -
i ngs  c ompl e t e d i n 2007 we r e  de s i gne d f or  6 oc c upa nt s  a nd 17%  f or  7 or  mor e  oc c upa nt s  ( INE 
2002, 2008) . 
T he  us e  of  t he  dwe l l i ng wa s  de s c r i be d by f unc t i ons :  s l e e pi ng, c ooki ng, e a t i ng, l i vi ng, 
pl a y/ s t udy/ wor k, c l ot he s  c a r e , pe r s ona l  hygi e ne , c i r c ul a t i on, dome s t i c  ma na ge me nt  a nd be i ng 
out s i de  i n pr i va t e  s pa c e . T hi s  c l a s s i f i c a t i on e na bl e d a n a na l ys i s  of  us e r 's  a c t i vi t i e s  of  s e t t i ng a  
r i gi d us e  f or  e a c h r oom. T he  de s c r i pt i on of  dwe l l i ngs ’  us e  wi t h f unc t i ons  ha s  be e n us e d i n Por -
t uga l  s i nc e  t he  1960s  f or  s t udi e s  of  hous i ng s pa c e  s t a nda r ds  a nd oc c upa nt s ’  be ha vi our . 
T he  l e ve l s  of  qua l i t y r e f l e c t  t he  de gr e e s  of  f ul f i l me nt  of  oc c upa nt s ’  ne e ds  a nd a s pi r a t i ons . As  
a  f a l l ba c k f or  una c c e pt a bl e  s i t ua t i ons , t wo l e ve l s  we r e  s e t :  
• T he  ba s i c  l e ve l  e ns ur e s  t ha t  oc c upa nt s  c a nnot  s uf f e r  s e r i ous  phys i c a l  or  me nt a l  i nj ur y. 
T hi s  l e ve l  i s  us ua l l y us e d t o e va l ua t e  whe t he r  a n e xi s t i ng bui l di ng i s  unf i t  f or  huma n ha bi -
t a t i on. 
• T he  mi ni mum l e ve l  e ns ur e s  t ha t  t he  c ommon ne e ds  of  us e r s ’  da i l y l i f e  a r e  f ul f i l l e d. T hi s  
l e ve l  i s  us e d t o pr e ve nt  t he  c ons t r uc t i on of  ne w bui l di ngs  de t r i me nt a l  t o us e r 's  qua l i t y of  
l i f e . 
4 M INIM UM  AREA ST ANDARDS 
4.1 Furniture and equipment 
T o s e t  t he  minimum  ne e ds  of  f ur ni t ur e  a nd e qui pme nt  i t  wa s  a s s ume d t ha t :  
• A dwe l l i ng mus t  e nc l os e  s pa c e s  t o pe r f or m a l l  t he  dome s t i c  f unc t i ons , i n or de r  t o a l l ow 
a ut onomous  us e . 
• A dwe l l i ng’ s  s pa c e s  mus t  ha ve  s i ze s  a nd s ha pe s  t ha t  a l l ow pl a c e me nt  of  t he  f ur ni t ur e  a nd 
e qui pme nt  ne c e s s a r y t o s a t i s f y t he  c ommon da i l y ne e ds  of  i t s  oc c upa nt s . 
• Di s a bl e d pe r s ons  mus t  be  a bl e  t o a c c e s s  t he  dwe l l i ng. T o a s s ur e  t hi s , a t  a  mi ni mum t he  e n-
t r a nc e , l i vi ng r oom, ki t c he n a nd a  t oi l e t  mus t  be  a c c e s s i bl e . 
T o s e t  t he  basic  ne e ds  of  f ur ni t ur e  a nd e qui pme nt  t he  pr ogr a mme  of  t he  mi ni mum l e ve l  wa s  
us e d, but  onl y t he  e s s e nt i a l  i t e ms  of  f ur ni t ur e  a nd e qui pme nt  we r e  i nc l ude d. At  t hi s  l e ve l , t he  
qui c k me a l s  f unc t i on wa s  not  i nc l ude d a nd dwe l l i ngs  we r e  not  r e qui r e d t o be  a c c e s s i bl e  by di s -
a bl e d pe r s ons . 
Fi gur e  1 pr e s e nt  t he  f ur ni t ur e  a nd e qui pme nt  a t t r i but e d t o e a c h f unc t i on a nd numbe r  of  oc c u-
pa nt s  a t  t he  mi ni mum l e ve l . 
4.2 Area by functional space 
T he  mi ni mum a r e a  f or  e a c h f unc t i ona l  s pa c e  i s  pr e s e nt e d i n T a bl e s  1 a nd 2. T he  a r e a  f or  e a c h 
f unc t i ona l  s pa c e  wa s  obt a i ne d f r om t he  a na l ys i s  of  t he  mode l s  pr e s e nt e d i n Fi gur e  7. 
T he  a r e a  f or  c i r c ul a t i on i s  10%  t o 14%  of  t he  t ot a l  a r e a  of  t he  ot he r  s pa c e s . T he s e  pe r c e nt -
a ge s  we r e  obt a i ne d by a na l ys i ng t he  de s i gns  of  s e ve nt y s oc i a l  hous i ng uni t s  bui l t  i n Por t uga l  
be t we e n 1990 a nd 1997. T he  i nc r e a s e  i n t he  c i r c ul a t i on a r e a  i s  not  e nt i r e l y gr a dua l , be c a us e  of  
t he  ne e d t o ba l a nc e  a ddi t i ona l  s pa c e s  f or  pe r s ona l  hygi e ne  i n s ome  t ypol ogi e s . 
For  t he  s l e e pi ng f unc t i on t hr e e  t ype s  of  s pa c e s  we r e  f or e s e e n, wi t h doubl e , t wi n a nd s i ngl e  
be ds . In a l l  dwe l l i ngs  wi t h t wo or  mor e  oc c upa nt s  t he r e  i s  a  doubl e  s l e e pi ng s pa c e . In dwe l l i ngs  
wi t h a n odd numbe r  of  oc c upa nt s  a n a ddi t i ona l  s i ngl e  s l e e pi ng s pa c e  i s  f or e s e e n. T he  r e ma i ni ng 
s l e e pi ng s pa c e s  a r e  t wi n. T hi s  di s t r i but i on e na bl e s  t he  pos s i bi l i t y of  dwe l l i ngs  be i ng oc c upi e d 
by a  c oupl e  a nd r e qui r e s  l e s s  a r e a  f or  t he  s l e e pi ng f unc t i on. Di f f e r e nt  c ombi na t i ons  c a n be  c r e -
a t e d by di vi di ng one  t wi n be dr oom i nt o t wo s i ngl e  be dr ooms . 
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4.3 Net internal dwelling area 
T he  mi ni mum a r e a  of  t he  dwe l l i ng f or  e a c h numbe r  of  oc c upa nt s  i s  pr e s e nt e d i n T a bl e  3. T he r e  
i s  a  gr a dua l  va r i a t i on i n t he  ne t  i nt e r na l  a r e a :  a t  t he  ba s i c  l e ve l  i t  i nc r e a s e s  7.0 m²  pe r  oc c upa nt , 
a nd a t  t he  mi ni mum l e ve l  9.0 m²  pe r  oc c upa nt . 
 
 
Figur e  1 .  M inimum le ve l –  List o f fur nitur e  a nd  e q uip me nt ( P a r t 1 ) .  
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Figur e  2 .  M inimum le ve l –  M o d e ls o f func tio na l sp a c e s a nd  the ir  a r e a  ( m² ) .  
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T a b le  1 .  B a sic  le ve l –  Ar e a  fo r  e a c h func tio na l sp a c e  ( m² ) .  
Func tio na l sp a c e  N umb e r  o f o c c up a nts  1  2  3  4  5  6  7  8  9  
1  Sle e p ing  D o ub le   8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  8 . 0  
  T win      7 . 0  7 . 0  7 . 0  7 . 0  7 . 0  7 . 0  
  T win        7 . 0  7 . 0  7 . 0  7 . 0  
  T win          7 . 0  7 . 0  
  Single  4 . 0    4 . 0   4 . 0   4 . 0   4 . 0  
2  Co o king  Fo o d  sto r a ge  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  1 . 0  1 . 0  1 . 0  1 . 0  
  Fo o d  p r e p a r a tio n  2 . 5  2 . 5  3 . 0  3 . 0  3 . 5  3 . 5  4 . 0  4 . 0  4 . 5  
3  E a ting  D ining  2 . 5  3 . 0  3 . 5  4 . 5  5 . 5  6 . 5  7 . 5  8 . 5  9 . 5  
4  Living   4 . 0  5 . 0  6 . 0  7 . 0  8 . 0  9 . 0  1 0 . 0  1 1 . 0  1 2 . 0  
5  P la y/stud y/wo r k  Ad ult p la y/wo r k  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  
6  Clo the s c a r e  La und r y  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  
  D r ying c lo the s  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  
7  P e r so na l h y gie ne  M a in  2 . 5  2 . 5  2 . 5  3 . 0  3 . 0  3 . 0  3 . 0  3 . 0  3 . 0  
  Se c o nd       1 . 5  1 . 5  1 . 5  1 . 5  
8  Cir c ula tio n  E ntr a nc e  1 . 0  1 . 0  1 . 0  1 . 5  1 . 5  1 . 5  2 . 0  2 . 0  2 . 0  
  Co mmunic a tio n  1 . 0  2 . 0  3 . 0  3 . 5  4 . 0  4 . 0  4 . 0  5 . 5  6 . 0  
9  D o me stic  ma na g.  G e ne r a l sto r a ge  0 . 5  1 . 0  1 . 0  1 . 5  1 . 5  1 . 5  1 . 5  2 . 0  2 . 0  
 
 
T a b le  2 .  M inimum le ve l –  Ar e a  fo r  e a c h func tio na l sp a c e  ( m² ) .  
Func tio na l sp a c e  N umb e r  o f o c c up a nts  1  2  3  4  5  6  7  8  9  
1  Sle e p ing  D o ub le   1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  
  T win     9 . 0  9 . 0  9 . 0  9 . 0  9 . 0  9 . 0  
  T win       9 . 0  9 . 0  9 . 0  9 . 0  
  T win         9 . 0  9 . 0  
  Single  4 . 5   4 . 5   4 . 5   4 . 5   4 . 5  
2  Co o king  Fo o d  sto r a ge  0 . 5  0 . 5  0 . 5  1 . 0  1 . 0  1 . 0  1 . 5  1 . 5  1 . 5  
  Fo o d  p r e p a r a tio n  3 . 5  3 . 5  4 . 0  4 . 0  4 . 5  4 . 5  5 . 0  5 . 0  5 . 5  
3  E a ting  Q uic k me a ls   1 . 5  2 . 0  2 . 5  2 . 5  3 . 0  3 . 0  3 . 5  3 . 5  
  D ining  5 . 0  5 . 0  5 . 5  6 . 0  7 . 0  8 . 0  9 . 0  1 0 . 0  1 1 . 0  
4  Living   6 . 5  6 . 5  7 . 0  8 . 0  9 . 0  1 0 . 0  1 1 . 0  1 2 . 0  1 3 . 0  
5  P la y/stud y/wo r k  Ad o le sc e nts    1 . 0  1 . 5  2 . 0  2 . 5  3 . 0  3 . 5  4 . 0  
  Ad ults  1 . 0  1 . 5  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  
6  Clo the s c a r e  La und r y  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  1 . 0  
  D r ying c lo the s  0 . 5  0 . 5  0 . 5  1 . 0  1 . 0  1 . 0  1 . 5  1 . 5  1 . 5  
7  P e r so na l h y gie ne  M a in  5 . 0  5 . 0  5 . 0  5 . 0  5 . 0  5 . 0  5 . 0  5 . 0  5 . 0  
  Se c o nd      1 . 5  2 . 5  2 . 5  2 . 5  2 . 5  
  T hir d          1 . 5  
8  Cir c ula tio n  E ntr a nc e  1 . 5  1 . 5  1 . 5  2 . 0  2 . 0  2 . 0  2 . 5  2 . 5  2 . 5  
  Co mmunic a tio n  1 . 5  3 . 0  4 . 5  5 . 0  5 . 0  5 . 5  5 . 5  6 . 5  6 . 5  
9  D o me stic  ma na g.  G e ne r a l sto r a ge  1 . 5  1 . 5  2 . 0  2 . 0  2 . 0  2 . 0  2 . 0  2 . 5  2 . 5  
 
 
T a b le  3 .  N e t inte r na l a r e a  fo r  b a sic  a nd  minimum le ve ls ( m² ) .  
Q ua lity l e ve l N umb e r  o f o c c up a nts  1  2  3  4  5  6  7  8  9  
B a sic  le ve l  2 1  2 8  3 5  4 2  4 9  5 6  6 3  7 0  7 7  
M inimum le ve l  3 2  4 1  5 0  5 9  6 8  7 7  8 6  9 5  1 0 4  
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5 COM PARISON 
5.1 Comparison with area standards established in Portuguese building regulations 
T he  r e s ul t i ng ne t  i nt e r na l  dwe l l i ng a r e a s  we r e  c ompa r e d wi t h t he  mi ni mum r e qui r e me nt s  s e t  by 
General Building Regulations  ( De c r e e -La w No. 38 382) . T he  c onc l us i ons  a r e  t ha t :  
• T he  a r e a  s e t  f or  t he  ba s i c  l e ve l  i s  15%  t o 20%  l owe r  t ha n t he  a r e a  e s t a bl i s he d by t he  General 
Building Regulations f or  ne w dwe l l i ngs . T hi s  de c r e a s e  i s  unde r s t a nda bl e  s i nc e  t he  ba s i c  
l e ve l  i s  i nt e nde d t o ve r i f y whe t he r  e xi s t i ng dwe l l i ngs , ma ny of  whi c h we r e  bui l t  be f or e  t he  
c ur r e nt  s pa c e  s t a nda r ds  c a me  i nt o f or c e , me e t  mi ni mum ha bi t a bi l i t y c ondi t i ons . 
• T he  a r e a  s e t  f or  t he  mi ni mum l e ve l  i s  5%  t o 15%  hi ghe r  t ha n t he  a r e a  e s t a bl i s he d by t he  
General Building Regulations . T hi s  i nc r e a s e  i s  due  t o t wo ma i n c ha nge s :  t he  t oi l e t  a nd ba t h-
r oom i nc l ude  c l e a r  s pa c e  f or  a  di s a bl e d pe r s on t o move , a nd t he r e  i s  a ddi t i ona l  a r e a  f or  t he  
pl a y/ s t udy/ wor k f unc t i on, whi c h i nc r e a s e s  t he  a r e a  of  t he  be dr ooms . 
5.2 Comparison with Portuguese statistics on housing construction 
T he  e vol ut i on of  t he  a r e a  of  ne w dwe l l i ngs  i n Por t uga l  f r om 1996 t o 2007 wa s  a na l yze d. It  wa s  
ve r i f i e d t ha t  t he  a ve r a ge  ha bi t a bl e  a r e a  of  a  dwe l l i ng i nc r e a s e d gr a dua l l y t hr oughout  t he  a na -
l yze d pe r i od, f r om 81.0 m 2  i n 1996 t o 95.2 m 2  i n 2007. W he n c ompa r i ng t he  t ot a l  ha bi t a bl e  a r e a  
of  t he  l i c e ns e d dwe l l i ngs  wi t h t he  t ot a l  ha bi t a bl e  a r e a  of  t he  s a me  dwe l l i ngs  a c c or di ng t o t he  
mi ni mum r e qui r e me nt s  s e t  by t he  General Building Regulations , i t  wa s  ve r i f i e d t ha t  i n 1996 t he  
f i r s t  we r e  on a ve r a ge  192%  of  t he  s e c ond, a nd t ha t  t hi s  pe r c e nt a ge  i nc r e a s e d t o 221%  i n 2007 
( INE 2008) . 
T he  c onc l us i on i s  t ha t , on a ve r a ge , dwe l l i ngs  a r e  t wi c e  a s  bi g a s  t he  mi ni mum r e qui r e me nt s . 
T he r e f or e , i f  t he  mi ni mum l e ve l  wa s  a dopt e d a s  a  ma nda t or y s t a nda r d f or  t he  c ons t r uc t i on of  
ne w dwe l l i ngs  t he  i mpa c t  woul d be  s ma l l . 
5.3 Comparison with area standards in other European countries 
In Be l gi um, Spa i n, Fi nl a nd, Fr a nc e  a nd t he  Ne t he r l a nds  t he r e  a r e  s pa c e  s t a nda r ds  i nc l ude d i n 
t he  ma nda t or y t e c hni c a l  r e gul a t i ons . In Ir e l a nd, Engl a nd a nd W a l e s  Nor wa y, a nd Swe de n t he r e  
a r e  no qua nt i t a t i ve  a r e a  s t a nda r ds  f or  dwe l l i ngs  i n ma nda t or y t e c hni c a l  r e gul a t i ons . Howe ve r , 
i n s ome  of  t he s e  c ount r i e s  t he r e  a r e  a r e a  s t a nda r ds  t ha t  a ppl y onl y t o s ome  t ype s  of  de ve l op-
me nt s  ( e .g. Ir e l a nd, Engl a nd) . T a bl e  4 pr e s e nt s  t he  i nt e r na l  ne t  a r e a  of  dwe l l i ngs  f or  s e ve r a l  
Eur ope a n c ount r i e s . 
 
T a b le  4 .  N e t inte r na l a r e a  se t in se ve r a l E ur o p e a n c o untr ie s ( m² ) .  
Co untr y N umb e r  o f o c c u p a nts  1  2  3  4  5  6  7  8  9  
P r o p o sa l: b a sic  le ve l ( e xisting ho using)  2 1  2 7  3 5  4 2  4 9  5 6  6 3  7 0  7 7  
P r o p o sa l: minimum le ve l ( ne w ho using)  3 2  4 1  5 0  5 9  6 8  7 7  8 6  9 5  1 0 4  
Sp a in ( ne w a nd  e xisting ho using)   2 0  3 0  4 0  4 8  5 6  6 4  7 2  8 0  
Finla nd  ( ne w ho using)  2 0          
Fr a nc e  ( ne w ho using)  1 4  2 8  4 2  5 6  6 6  7 6  8 6  9 6  1 0 6  
T he  N e the r la nd s ( e xisting ho u s ing)   2 4         
T he  N e the r la nd s ( ne w ho using)   4 3 . 6         
E ngla nd  ( ne w ho using) *  3 7  4 4  5 7  6 7  8 1  9 2  1 0 5    
I r e la nd  ( ne w ho using) *   3 9  5 4  6 3  7 4  8 1  9 1    
* Ad a p te d  va lue s a nd  no t ma nd a to r y 
 
T he  c onc l us i ons  a r e  t ha t  t he r e  i s  a  s t r ong s i mi l a r i t y of  t he  ba s i c  l e ve l  wi t h t he  r e qui r e me nt  i n 
Spa i n, bot h a ppl yi ng t o e xi s t i ng dwe l l i ngs ;  i n Fr a nc e  s i mi l a r i t y be t we e n t he  mi ni mum l e ve l  a nd 
t he  r e qui r e me nt  i s  a l s o s t r ong, but  onl y i n dwe l l i ngs  f or  mor e  t ha n 3 oc c upa nt s ;  t he  f l oor  a r e a  
gui de l i ne s  i n Engl a nd a nd Ir e l a nd a r e  gr e a t e r  t ha n t he  r e qui r e me nt s  of  ot he r  c ount r i e s , whi c h i s  
r e a s ona bl e  s i nc e  t he y a r e  not  ma nda t or y f or  a l l  de ve l opme nt s . 
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6 CONCLUSIONS AND DISCUSSION 
6.1 Conclusions 
There should be an increase of 5% to 15% of the net internal area presently established in the 
Portuguese building regulations for new dwellings. The building regulations should also set a 
minimum net internal area for construction on existing dwellings, which can be 15% to 20% 
lower than what is presently established. If these proposals were adopted, the impact in the con-
struction industry would be small. The proposals are similar to the mandatory net area require-
ments set in France and Spain. 
6.2 Discussion 
The paper focuses on the overall internal floor space of the dwelling. This parameter enables to 
study and compare the total size of a dwelling. However, other space standard parameters are 
also important to ensure a functional dwelling. 
Area standards were established in order to meet the needs of occupants in contemporary 
Portugal. These needs are determined in part by social, cultural and economic factors. There-
fore, the area standards should not be applied to different contexts without adaptation. 
The area standards are a ‘safety net’ intended to prevent the development of dwellings with 
inadequate space, which raise significant concerns about long-term sustainability and suitability 
for the designed level of occupancy. The area standards are not ‘good practice’ guidelines. 
The increasing amount of diversity in the composition of households and acceleration in the 
changing ways of life justify the need for dwelling flexibility. Flexibility discourages dwelling 
mobility and renovation work, and contributes to extending the service life of buildings. Nei-
ther the change in needs of occupants nor an increase in area to allow greater flexibility was an-
ticipated. 
The area standards drew upon a function-based and user-oriented approach. User satisfaction 
with existing dwellings and stakeholder views were not investigated. Should the proposed stan-
dards be used to replace the mandatory General Building Regulations requirements, they 
should be critically assessed in terms of these two sources of information. 
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 1 INT RODUCT IO N  
Bui l di ng i n Gui nea -Bi s s a u i nvol ve s  fa ci ng pa rt ic ula r c li ma t i c  c ondi ti ons a nd the  urba n pr ob-
l e ms  c ommon t o t ropic a l count ri es . T he la c k of  ur ba n i de nt it y, pa rt ic ula rl y i n t he  c a pi ta l , Bi s -
s a u, t oge t her  wit h unr e gul at e d const r uc ti on pr oj e ct s , the  de gr a da ti on of  urba n buil di ngs , a hous -
i ng de f ic it  c ombi ne d wit h a ma s s i ve  i nf l ux of  poor  r ura l  pe opl e, ur ba n gr owt h without  pl a nni ng, 
a nd l ow c omf or t  l e ve l s  i nside  buil di ngs  ar e  t he  ge ne r al  pr obl e ms  ( Pe r ei ra , 2001) . Powe r f ul  c li -
ma t i c  a ge nt s  s uc h a s  hi gh le ve l s  of  s ola r  r adi at ion a nd a i r  humi di t y, a nd t orr e nt i al r a i nfa ll , c hal -
l e nge  bui lde rs  and a r chit e cts  to cr e at e s us t ai nabl e wa ys  of pr ovi di ng se c ur it y, c omf or t , a nd ec o-
nomi c  s a ti s fa ct i on f or  t he  fina l  bui ldi ng us er s  ( La ube r , 2005;  Ba y & Ong, 2006) . 
W it hi n t hi s  c ont ext , mor e  re s e ar c h i s  ne c e ss ar y, c onc er ni ng t he  be ha vi our  of  tr a dit i ona l  ma t e -
r i al s  and bui l di ng t e chni que s , a nd ne w a ppr oac he s  s uc h a s  t he  so-c a l l e d bi ocl i ma t ic  or  pa s si ve  
de s i gn. By ha r ne ss i ng t hi s  phi los ophy, s ust ai na bl e  st rat e gi e s  be c ome  a va i l a bl e , a nd wi l l  r e sult  i n 
pos it i ve  ec onomi c  be nef it s , bot h f or  t he e ner gy e f f ic ienc y of  bui ldi ngs  and t he ma i nt e na nc e  of 
c omf or t  l e ve l s , i n a ddi ti on t o bene fit s  of  t he  we ll -known c once pt of r ea s ona ble  us e  of  exi st ing 
r e s our ce s  wit hout  c ompr omi s ing t he ir  use  by f ut ur e  gene r at i ons i . 
T he ai m of  t hi s r es e ar c h i s t o as s es s  t he c har ac t er is ti c s of  s ust ai na bl e  c onst r uc ti on i n Gui nea -
Bi s s au a nd, i n doi ng s o, t o:  St udy t he  ma i n s tr at e gi e s f or  s ust a ina bl e  des i gn i n tr opic a l wa r m 
a nd humi d r e gi ons ;  Ana l yse  e ne r gy a nd c o mf or t  pe rf or ma nc e  of  t ypi c a l  bui ldi ng t ype s  e xi st ing;  
Pr oduce  be st -pr a c ti c e  r ec omme nda t i ons  f or  s ust a ina ble  de si gn i n Guine a -Bi s s a u. 
Sustainable cosntruction and architecture in Guinea-Bissau: 
Op p o r tu n ities  a n d  C h allen g es   
It al m a C os t a P e rei ra  
Instituto Superior Técnico, Lisboa, Portugal 
M anuel  C orrei a Guedes  
Instituto Superior Técnico, Universidade Técnica de Lisboa, Lisboa, Portugal 
 
ABST RACT:  T hi s  pa per  pr e s ent s the  r e s ult s  of  r e se a rc h de ve lope d under  t he Eur ope an Proj ect 
SURE - Af r i c a  , on c ons truc ti on a nd a rc hit ec t ur e  i n tr opic a l wa r m a nd humi d r egi ons , s uc h a s 
t he  G ui ne a -Bi s s a u, i n whi ch c l i ma t ic , s oci al , a nd ec onomi c  c ondi ti ons  pos e  addit iona l  c onc er ns 
f or  pl a nne r s , a r c hit e ct s  a nd e ngi ne e rs . T he  ma i n que s ti on a na l yze d wa s  whe the r  c omf ort  i s 
a c hie va bl e  s ole l y by t he us e  of  pas si ve  de si gn s tr a tegi e s , or if  e ne r gy c ons umi ng me c ha ni ca l 
s ys t e ms  a r e  r e qui r e d. T he  a i m i s  t o r e duce  of  bot h cool ing a nd a r t if ic i al  li ght i ng e ne r gy l oa ds 
t hr ough pas s i ve  des i gn s tr at e gi e s , whi c h ca n be  c ompl e me nt e d wi t h a ct i ve  s ys t e ms , powe re d by 
r e ne wabl e e ner gi e s , s uc h a s s ola r  phot ovolt ai c . Conc l us i ons  we re  dra wn a bout  t he mos t  r e le va nt 
pa s si ve  de s i gn s tr at e gi e s  f or  c omf or t  ma i nt ena nce , t hos e  who pr ot e ct  fr om s ol a r  r a dia ti on, and 
pr omot e  ve nt i la ti on. Expl or i ng t he  us e  of  l oca l  re s ourc e s , produc ed f r om na t ura l r a w ma t e r i al s 
l i ke  e ar t h, i s one  of  the  es se nti a l  me a s ur e s  i n t he  pa t h f or  s ust a ina bl e  c onst r ucti on, i n Gui ne a -
Bi s s au. 
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2 T HEORET ICAL CONS ID ERAT IONS  
T he te r m “ s us t ai nabl e c ons tr uc ti on”  appe ar e d f or  t he fir s t ti me  i n a  c ommuni c a ti on fr om Pr of es -
s or  Char le s  K i be rt , i n a n ef f or t  t o r el at e  t he  re s pons ibi li ti e s  of  the  c ons tr uct ion i ndust r y t o t he 
a i ms  of  s us ta i na bil it y ( Pint o & Iná c i o, 2001) . It  wa s  de fi ne d a s  t he  cr e at i on and r es ponsi bl e 
ma na ge me nt  of  he al thy c ons t ruc ti on, ba se d on e c ol ogi c a l  pr i nc i pl e s a nd e ff i ci ent  ma na ge me nt 
of  r es ourc e s , whi c h me a nt f oc usi ng on pl a ci ng a  mi ni mu m bur de n on na tur al  r e s our ce s  a nd 
wa s t e  pr oduc ti on a nd ma ximi s i ng t he  r e c yc li ng pr oc ess . It  a l s o i ncl ude d t he  li f e  cyc l e  of  bui l d-
i ngs , wi t h re ga r d t o t hei r us e , ma i nt e nanc e  and t he  pos si bil it y of  a da pt i ng t o l oca l  ne e ds 
( Ra mos , 2007) . 
Bi oc li ma t i c or  pa s si ve  de sign s t r at e gi e s a i m a t  a c hi e ving bui l di ng c omf or t  and i nt e r na l e nvi -
r onme nt a l qual it y. In t he  pr e s ent c as e , a s  t he y ar e de si gne d f or  war m, humi d r e gi ons , t he  ma in 
s t ra t e gi es  ar e  ba s e d on he a t  pr ot e ct i on, a nd he at  di s si pat i on ( Fi g. 1) . T he  for me r  i ncl udes 
me c ha ni s ms  s uc h a s  s ha di ng, or i e nt at ion, a nd i ns ula ti on s t r at e gi es , whi c h pr ote c t  bui ldi ngs  f r om 
s ol ar  r a di at i on by pre ve nt ing he a ti ng ga i ns  e nte ri ng the  bui l di ngs  ( Y a o  e t.  a l,  2 0 06 ) . In a ddit ion, 
he a t  di ss i pa ti on s ys te ms  a c t  upon t he  he at  i ns i de  t he bui ldi ng, s e e ki ng t o el i mina t e  or  re duce  
t he r ma l  s e ns at i on by pa s s ive  me a ns ii , ( G o nz á le s,  2 0 0 4 ) . Da yt i me  or  ni gh -t i me  c r os s  ve nt i la ti on,  
ni ght  r a di a ti on, a nd the r ma l  i ner ti a a re  s ome  of  t he mos t  i mpor t a nt  di ss i pa ti on t ec hnique s for 
humi d t r opi ca l  re gi ons . Ma t er i al s  wit h hi gh t her ma l  ma s s  pr ovi de  e f fi c ie nt  the rma l  i ne r ti a , i n-
c r e as i ng the  t i me  l a g befor e  e xte ri or t e mpe r at ur e  le ve l s  re a ch the  i nte ri or of  t he  buil di ng 
( La n ha m,  G a ma  & B r á z ,  2 0 04 ) , i n r e gi ons  wi t h s i gnif i ca nt  t e mpe r a t ur e  va ri at i ons , e .g. be t we e n 
da y a nd ni ght . 
 
 
 
Fig ur e  1 .  P a ssive  d e sig n str a t e gie s fo r  tr o p ic a l wa r m,  h u m id  r e gio ns ( a d a p te d  fr o m B a k e r ,  1 98 7 ; G o n-
z á le s,  2 0 0 4 ; Silva ,  2 0 0 6) . 
 
 
T he  ma i n st r at e gi es  c it e d on s t udi e s  de ve l ope d f or  t r opi c al  c li ma t e s  ar e  the  pr omot i on of  ve n-
t il a ti on t rough ope ni ngs  ( Sa l mo n,  1 9 9 9 )  a nd t he  pre ve nti on f r om c l i ma t e  a ge nt s  ( Le nge n,  2 0 0 4 ) . In 
t e r ms  of  t own pl a nni ng, r egul a t i ons  r e ga r di ng r e gul a r r oa d pl a nni ng f or  t he  pa s sa ge  of  br e e ze s , 
a nd s hade  fr om t r e es , a re  c r uci al  ( Sta ngo  & U ga r te ,  2 0 0 6 ; G o nz á le s,  2 0 0 4) , pr ot ec t ing bui l di ngs 
f r om ove r he a t i ng, a nd pr otec t ing r oa ds  f r om t he  c onse que nc es  of  r ai nfa ll . 
T her ma l  c omf ort iii  or  huma n be i ng’ s t he r ma l  se ns at ion i s  ma i nl y re l at e d t o t he  t her ma l  ba l -
a nc e  of  t h e  body a s  a whol e , infl ue nc e d by phys i c al  a c ti vi t y a nd cl ot hi ng a s  wel l  as  e nvi ron-
me nt a l  pa ra me t e r s  ( Y a o  e t a l.  2 0 0 6 ; I SO  7 7 30 :2 00 5 ( E )) , a nd pa r a me t er s  re l at e d t o t he  ma i n body 
he a t  l oss  me c ha nis ms  ( B a ke r ,  1 98 7 ) .  
In t r opi c al  r e gi ons  whe re  the  t e mpe r at ure  a ve r a ge s  24 t o 28º C t hr oughout  t he  ye a r , hi gher 
t e mpe r a t ur e  c omf ort  zone s a r e  e xpec te d, c or r es ponding t o a  dr y bul b t e mpe r a tur e  a s  hi gh a s  
31º C, toge t her  wi th a  r e la tive  humi di t y r a ngi ng f r om 35%  to 75%  ( Sa lmo n,  1 9 9 9 ) .  
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3 ARCH IT ECT URAL AND CONST RUCT IV E T YPOLOG IES  
Loc a l  ar c hi te ct ur e  c a n be  cl a s si fi e d i n te r ms  of  c onst ruc ti on pr ope rt ie s  a nd by f unc ti on t ype :  on 
t he  one ha nd, the  publi c s ec t or se r ve s  f a mi l ie s wi th no e c onomi c  power , whi ls t the  pr i va t e se c -
t or pr omot e s hous i ng f or ec onomi c a ll y s t abl e a nd soci a ll y s tr at if ie d wel l be i ng. In t he  mi ddl e, 
t he  c ooper a ti ve  s e ct or  me e t s  t he  ne e ds  of  t he  l ow mi ddl e  cl a ss , or ga ni ze d by mi n i s tr ie s  or  i ns ti -
t uti ons , ge ne r all y f or  t hei r e mpl oye e s . Inde pe nde nt  bui l di ng i s  c ommon i n r ur al  ar e a s or i n pe ri -
ur ba n e nvi r onme nt s , li nke d t o s ponta ne ous  c ons tr uct i on ( M ot a , 1948;  Pe re ir a , 2001) . 
T he a rc hit e ct ur e  of  Gui ne a -Bi s s au i s c har a ct er i ze d by thr e e  ma i n t ypol ogi e s: 
i .  V er na cul ar  a rc hit e ct ur e  - t r a dit i ona l  hous i ng wi t h ra mme d e a r t h or  a dobe  wa l ls  and s t ra w 
f i br e  roofs  ( Fi g. 2 - l e f t) , now wi t h t he  st ra w r oof  being gr a dua l l y r e pl a ce d by zi nc  f oi l , 
e s pe ci al l y i n r e ct a ngula r  hous i ng ( Fi g. 2 - r i ght ) , pr ovidi ng dur a bi lit y, l i ght , wat e rpr oof 
pr oper ti e s  a nd l ow ma i nt e na nc e  r equir e me nt s , but , on t he  ot he r  ha nd, poor  t he r ma l  a nd 
a c oust ic  i nsul ati on a nd r e qui ri ng a ddit i ona l  ca r e  i n pre ve nt i ng c orr osi on. A be tt er  pr ac -
t i ce  c oul d be  a  doubl e  c over i ng of  zi nc  and st r a w, adapt i ng t he  dura bil it y of  t he  for me r  
t o t he  bet te r  i ns ul at ion prope r ti e s of  t he  l at te r , Fi gur e  3 - l e f t ; 
i i .  Col onia l  ar c hi te ct ur e  - c oloni al  dwe ll ings  bui lt  wi th c onc re te  bl oc ks  a nd a  t il e  or  Fi br e -
c e me nt  pa ne ls  c ove r , i n the  ur ba n c entr e s  of  t he  ma i n c i ti e s;  Ge ner a ll y t a ll  buildi ngs , 
wi t h a  c ove r e d ve ra nda  a t  the  f ront  a nd ove r ha ngs  a bove  ope ni ngs  ( Fi g. 3 - r i ght ) ; 
i ii .  Cont e mpor a r y t r ends  - dwe l li ngs  bui lt  wi t h pr i me  ma t e r ia l s  suc h a s  re i nf or c e d c onc r ete 
f or  st ruc tur e , bri c ks  or  c onc r et e  bl oc ks  on t he  wa ll s , and c l a y ti l es  on t he  roof  ( Fi g. 4 - 
l e ft );  Ec ot our is m c ons t r uc tions  ar e  c ons ide re d a  c ontempor a r y t r e nd a s  wel l , us i ng na t u-
r a l ra w ma t e ri a ls  s uc h a s e ar t h, st r a w a nd ti mbe r ;  In t he  i ma ge  be l ow ( Fi g. 4 - r i ght ) , t he 
e l e va t ed f l oor  of  t he hous e  pr e ve nt s humi dit y a nd pr omot e s  ve nt il at i on fr om be l ow;  It  is 
a l s o r el e va nt  t o de s cr i be  coope ra ti ve  ne i ghbour hood hous ing, c ha r ac te ri ze d by dwe l l -
i ngs  bui lt  wi t h re i nf orc e d ce me nt , a dobe  a nd c ove r e d wi t h zi nc , i n t he  pe ri pher y of  ur -
ba n zone s , or  hi gh-r i s e  hous i ng c onsi s ti ng of  3 or  4 f loor s , bui lt  wit h t he  a id of  int e rna -
t i ona l  pr ot oc ol s; 
 
 
 
Fig ur e  2 .  V e r na c ula r  a r c hite c t ur e  ( le ft) .  Re p la c i ng str a w r o o f wit h z inc  ( r i ght) .  
 
 
Fig ur e  3 .  D o ub le  r o o f s yste m,  wit h z i nc  fo il u nd e r  a  str a w-c o ve r e d  r o o f.  Co lo nia l d we ll in g.  
 
 
Fig ur e  4 .  Co nte mp o r a r y tr e nd s - mo d e r n d we ll in g ( le f t) .  E c o to ur is m ho u sin g ( P ic tur e  fr o m Sc h wa r z ) .  
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4 CASE ST UDY ANALYS IS 
T he  c a s e  st udy f oc us e s  on a n a nal ys i s  of  the  t ypol ogie s  of  e xi st i ng buil di ngs , s pe c if i ca ll y wi t h 
r e ga r d t o c omf ort , c os t  and r e duct ion of  t he  e ner gy l oa ds . 
4.1 Methodology 
In or de r  t o s tudy bui l di ng pe r f or ma nc e  i n t he  ar c hi te ctur e  of  Gui nea -Bi s s a u, fi e ldwor k wa s  c a r -
r i e d out  i n t he c ount r y fr om Apr i l  11 t o Ma y 9, whe n me a s ur e me nt s  of  c omf or t le ve l s  i n t he  i n-
t e ri or of bui l di ngs  we re  t a ke n, a nd use r s’  c omf or t  pe rce pti ons a nd opini ons  of  t hei r  r e si denc es ’ 
pe r for ma nc e  a nd s us t ai nable  c ons tr uct ion c once pts  r e cor de d thr ough que st ionnai re s , i n a ddi ti on 
t o produci ng a n e xt e ns i ve  col le c ti on of  phot ogr a phs  of  t he  ar c hi te ct ur al  he ri t a ge . 
Four  ins tr ume nt s  wer e  us e d t o de ve l op t he  st udy, a s  Figur e  5 i ll us tr a te s: 
i .  T e mpe r at ure  a nd humi di t y me a s ur e me nt , us ing da t a  l ogge r s ;   
i i .  Fi e ldwor k que st i onnai r es ; 
i ii .  Cl i ma t e  a na l ys i s, usi ng The Weather Tool , a n Ecotect 5.20 s oft war e  tool; 
i v. M odel  si mul a t ion, usi ng Ecotect 5.20  s of t war e . 
T he  c li ma t e  a nal ys i s  a nd bui l di ng s i mul a ti on wer e  car r ie d out  usi ng Ecotect , e nvi r onme nt a l 
bui ldi ng a nal ys i s  soft wa r e  tha t  al lows  t he  t he r ma l  r es pons e  of  a  bui l di ng, i n t e r ms  of  e ner gy e f -
f i ci e nc y, or  di s comf or t  l e ve l s . T he  ma i n ai m wa s  t o opt i mi s e  t he  per f or ma nc e  of  a  r e pr es e nt a -
t i ve  hous e , a cc or di ng t o l oc a l c li ma t i c c ondit i ons , ma t e ri al s  a nd a va i la ble  t e c hnol ogi e s , t hus  r e -
f l ec ti ng t he  e conomi c  vi a bi li t y of  the  c hos e n sol ut ion. T he  f our  bui l di ng mo de l s  t hat  we re 
de ve l ope d ma de  i t  poss ible  t o une qui voc a ll y unde r sta nd t he  bes t  pr a ct ic e s  in bui l di ng de s i gn, 
whi c h ar e  l is t ed i n t he fi nal  c ha pte r  of  t his  pa pe r .  
 
 
Fig ur e  5 .  I llustr a ti ve  d r a ft o f c a se  st ud ie s.  
4.2 Results 
4.2.1  Measurement of temperature and humidity  
T he  ma i n c har a ct er i st ic s  of t he  t hre e  dwe ll ings  a na l yse d i n s pe ci fi c  ur ba n zone s  a r e  de sc ri be d 
be l ow: 
 Col onia l  dwel li ng - c onc r e t e  bl oc ks  on wa l ls  a nd c l a y t il e d r oof  ( Chão-de -Pa pe l’ s 
ne i ghbour hood); 
 Soc i al  dwel li ng - c oope ra t i ve  hous ing, wi t h adobe  wa ll s  and zi nc  r oof  (Pl a no’ s 
ne i ghbour hood - c oa s ta l  zone ) ; 
 Cont e mpor a r y dwe ll ing - br i c k wa ll s , a nd cl a y t il e d r oof  ( Quel él é’ s  nei ghbour hood) ; 
T he r es ult s  of  the  re l ati ve  humi di t y me a s ur e me nt s  s pec i fi e d i n T abl e  1 s how t hat  t he  cl ose r  a 
bui ldi ng i s  t o a  c oas ta l  zone, t he  hi ghe r  t he  r el a ti ve  humi di t y i ns i de  t he  bui l di ng. 
T he out s ide  t e mpe r at ur e res ult s , Ta ble  2, c onfi r m t hat t he wor st  out si de t e mpe r atur e  i s  i n t he 
Que l él é ’s  ne i ghbourhood, whi c h ha s  a  t e mpe r a tur e range  of  10º C. For  t his  out side  te mpe r a t ur e 
r a nge , s tr at e gi e s  s uc h a s  night  pur ge  ve nt il a ti on a nd t he r ma l  i ner ti a  a r e i mpor t ant  pr e sc ri pti ons. 
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Al t hough it  ha s  a  si mi l a r me a n e xt e ri or  t e mpe r at ure , t he  s oci a l  dwe ll i ng i n t he  Pl a no’s 
ne i ghbour hood s hows  hi ghe r  c omf ort  va l ue s  f or  i ns i de  t e mpe r at ure s  (Ta ble  3)  be c a use  of  t he 
be ne fi ts  of  t he  c oas ta l  br ee ze s , hi ghli ght e d i n t he  humidi t y r a nge . 
Eve n wi t h c l a y t i le d r oof s a nd c l a y br i c k wa l ls , be tte r -known f or  t hei r  t he r ma l i ns ula ti on 
pr oper ti e s, t he  c ont e mpor ar y dwe l li ng i n Quel él é  doe s  not  re ve a l  t he  be st  t he rma l  be ha vi our, 
due  t o it s  loc at i on. 
 
T a b le  1 .  Re la tive  h u mid it y i ns id e  b uild ing s.  
 P la no  ne ig hb o ur ho o d  Chã o - d e - P a p e l ne i ghb o ur ho o d  Q ue lé lé  ne ig hb o ur ho o d  
 º C  º C  º C  
M a x.  6 8 . 4  6 6 . 6  6 4 , 9  
M e a n  6 5 . 9  6 3 . 3  6 1 , 3  
M in.  6 2 . 8  6 0 . 0  5 6 , 5  
 
 
T a b le  2 .  O utsid e  te mp e r a tur e .  
 P la no  ne ig hb o u r ho o d  Chã o - d e - P a p e l ne i ghb o u r ho o d  Q ue lé lé  ne ig hb o u r ho o d  
 º C  º C  º C  
M a x.  2 9 . 8  3 1 . 8  3 2 . 1  
M e a n  2 6 . 4  2 6 . 9  2 6 . 6  
M in.  2 3 . 6  2 3 . 5  2 2 . 3  
T a b le  3 .  I nsid e  te mp e r a t ur e .  
 P la no  ne ig hb o u r ho o d  Chã o - d e - P a p e l ne i ghb o u r ho o d  Q ue lé lé  ne ig hb o u r ho o d  
 º C  º C  º C  
M a x.  2 9 , 0  3 0 , 1  3 0 , 5  
M e a n  2 7 , 8  2 8 , 9  2 8 , 4  
M in.  2 6 , 6  2 7 , 8  2 6 , 9  
 
4.2.2  Results of questionnaire  
T he a ns we r s t o t he  ques tionna ir e  a r e pre s e nt e d bel ow, f or  a  popula ti on of  100 i ndi vi dua ls  i n 
Bi s s au Ci t y, 31%  of  whic h we r e  f e ma l e . It  i s  a l s o s i gni fi c a nt  t ha t  21%  of  t he  r e sponde nt s  we re 
pl a nne r s, ar c hi te c ts  or  bui ldi ng t ec hnic ia ns  e mpl oye d i n t he  c it y. The  que st i ons  we r e  or ga ni zed 
i nt o t he f ol l owi ng t opic s:  ma t e r i al s , comf or t  a nd s at is f a ct ion ins ide  the  bui ldi ng, c ool i ng s ys -
t e ms , a nd s us t ai nabl e  c onstr uc ti on. 
Conc e r ni ng ma t e r i al s , 37% of  t he  r e spondent s  l i ve d in a n a dobe  a nd zi nc  dwel li ng, a nd 21% 
i n a  bl oc k a nd zi nc  dwe l ling, me a ni ng t ha t  58%  of  the  dwe l li ngs  a nal ys e d we re  zi nc -c o ve r e d, 
f oll owe d by ti le d roofs  i n 26%  of  c as e s , wi th bloc k or  br i c k wa ll s .  Howe ve r , t he  us e rs ’  pr ef e r -
e nc e s  r e ve a le d t hat  64%  pre f er r ed a  c oncr e te  bl oc k w a l l  and 83%  a  t il e d r oof , bas e d on pe rc e p-
t i on of  hi gh r e si st a nc e , dur abi li t y, a va i la bili t y, a e st het ic qua li ti e s, a nd t her ma l  i nsula t ion.  
W it h r e ga r d t o c omf or t  c ondi ti ons , mos t  of  t he  us er s  e xpe ri e nc e d c li ma t e  di s comf or t , ge ne r -
a l l y c aus e d by hi gh t e mpe ra t ure  l e ve l s  a nd humi di t y (T a bl e 4) , t he  la tt e r mos t l y in t he r ai ny s ea -
s on. T he  wor st  per i od c it e d f or  t e mpe r at ur e dis c omf or t wa s  fr om mi dda y t o 6 pm i n ge ne r a l, a nd 
mor e  s pe ci fi c al l y fr om mi d da y t o 3 pm. In ot he r ha nd us er s  r e ve a le d sa ti sf a ct i on wi t h s hadi ng 
s ys t e ms  i n t he ir  r es i de nce s , a s  we ll  as  nat ura l  l i ghti ng, ve nt i la ti on a nd s ec uri t y. 
T a b le  4 .  U se r s’ sa tis fa c tio n le ve ls.  
 V e r y sa ti s f ie d  Sa ti s fie d  D issa t i s fie d  V e r y D is sa ti s fie d  
 %  %  %  %  
T e mp e r a tur e  3  3 1  4 4  2 2  
H u mid it y  5  5 2  2 9  1 4  
V e ntila t io n  1 6  5 5  1 8  1 1  
Sha d i ng  1 3  7 6  8  3  
N a tur a l li gh tin g  1 4  6 6  1 6  4  
Se c ur it y  2 0  5 5  1 7  8  
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W it h re ga r d t o c ooli ng s ys t e ms , t he  use r s s howed a  pre f er e nce  f or  no s ys t e m a t  al l , a lt hough, 
due  t o t e mpe r at ure  l e ve ls , a i r -c ondit i oni ng s ys t e ms  we r e  c ons ide re d e ss e nt ia l  or  bet t er  tha n 
not hi ng i n 60%  of  t he  c a ses  (T abl e 5) , a nd a l mos t  50%  of  t he  us e rs  ha ve  an ar ti fi c ia l  ve nt il at i on 
s ys t e m ( T a bl e  6) . W hi le  a ns we r ing, t he  us er s  s ha re d conc e rns  a bout  t he  publi c  ele c tr i ca l  powe r 
s hort a ge . Whe n que st ione d a bout  t he r el e va nc e of  pass i ve  me a ns  of  c ooli ng, 87%  of  t he us er s 
s howe d a n i nt er e st , a s  T able  7 i l lus tr at e s , and t hos e  who di dn’ t  ( 13%) , t hi nk t ha t  t he  hi gh l e ve ls 
of  diur na l  t e mpe r a tur es  ar e  di ff i cult  t o a tt e nua te  by pa ss i ve  me a ns . 
Us e r s we r e al s o f re el y ques t ione d a bout  t he c har a ct eri s ti cs  the y t hi nk Gui nea -Bi s s a u buil d-
i ngs  s houl d ha ve . 27%  ci ted i s ol at e d dwell i ngs  wit h a ma xi mu m of  t wo fl oor s , 20%  indic a te d 
s e c ur it y a nd c omf or t  a s  i mpor ta nt  pr oper ti e s , and 15%  r ef e rr e d to c ol oni al  t ype wi t h c oncr et e  
bl oc k or bri c k wa ll s , f ol l owe d by 13% of a ns we r s f or  t il e d r oof . On t he s ubj e ct  of  re ne wa bl e  e n-
e r gy a nd s ust ai na bl e c ons tr uc ti on, mor e  tha n 90% of  the  us er s  r e ve a le d i nte res t  i n knowi ng 
mor e  a nd a ppl yi ng t he  s ys te ms  i n que st i on, wit h re ga rd t o e ne r gy s hor ta ge  pr obl ems .  
T a b le  5 .  O p inio ns o n a ir -c o nd itio ni ng.  
 E s se n tia l  B e tte r  tha n no t hi ng  U n ne c e s sa r y  Ra the r  no t ha ve  
 %  %  %  %  
A n s we r s  3 1  2 9  2 1  1 9  
T a b le  6 .  O p inio ns a b o ut the  us e  o f c o o ling s ys te ms.  
 V e ntil a t io n  Air - c o nd itio nin g  B o th  N o ne  
 %  %  %  %  
A n s we r s  4 9  6  1 7  2 8  
T a b le  7 .  Le ve l o f i nte r e st i n p a ssi ve  c o o ling s yste ms.  
 N o t inte r e ste d  Lo w i n te r e st  I nte r e ste d  V e r y inte r e ste d  
 %  %  %  %  
A n s we r s  0  1 3  4 6  4 1  
4.3 Climate analysis and building Simulation 
Bi s s au’ s  c li ma t e  wa s a nal ys e d by Auli c ie m's  a da pt i ve mode l  c it e d by A.J .M a rs h ( i n Ec ot e ct ) , 
s howi ng t hat  t he  squar e  ve rna c ula r  hous e pe rf or me d be s t .  
 
 
T a b le  8 .  Air  te mp e r a tur e  in t h e  r o o ms i n e a c h ho u se  ( º C)  o n a  t yp ic a l d a y.  
 Cir c ula r  
d we lli n g *  
Sq ua r e  d we l l -
ing * *  
Co lo nia l 
d we lli n g ** *  
O uts id e  te m-
p e r a tur e  
 º C  º C  º C  º C  
M e a n  2 9 . 3 2  2 8 . 8 0  2 9 . 6 5  2 8 . 5  
Sta nd a r d  D e via tio n  0 . 1 4  0 . 3 8  0 . 4 9  3 . 9  
M e a n Ra d ia nt T e mp e r a t ur e  a t 3  p . m.  0 . 1 4  0 . 3 8  0 . 4 9  3 . 9  
* Ra mme d e a r t h 300 mm, St r a w 150 mm;  
** Ra mme d e a r t h 250 mm, St r a w 150 mm;  
*** Concr e te  bloc k 250 mm, Fi br e -Ce me nt  pa ne ls  8 mm.  
T he me a n r a di a nt  t e mpe r a tur e  shows  t he  t e mpe r at ure i n t he  c onst r uc ti on c ompone nt s, c on-
f i r mi ng t he  s upe ri or  t he r ma l  i ne rt ia  of  r a mme d e a r th i n c ompa r is on wit h the  low t he r ma l  re s is -
t a nce  of  c e me nt -ba s e d ma t e r i al s  s uc h a s  c onc re te  bloc ks  a nd ce me nt  boar d.  
Fr om t he  r e s ul ts  obta i ne d, a  c onte mpor a r y dwe l li ng wa s  de si gne d, s i mul a ti ng t he  f oll owing 
pa r a me t er s :  or ie nta ti on, gla zi ng pe r c e nta ge , s ha di ng de vi c e  s ys t e ms , na t ur a l  l i ght i ng, t her ma l  
i ne rti a , i ns ul at i on s ys t e ms , a nd ve nt il at ion. T he  s t udy wa s  c onduc te d in t er ms  of  r e duc ing a n-
nua l  e ner gy c ons umpt i on and t he  bes t r es ult s f or  ea c h of  t he s i mul at e d s tr at e gi e s a r e il l us tr at ed 
i n Ta ble  10. T he  s ol ut ion ini ti al l y t e st e d ha d c onc re t e  bl oc ks  ( 200+50mm) , t i l e d roof  a nd no i n-
s ul at ion s ys t e m. 
Portugal SB10: Sustainable Building Affordable to All
310
T a b le  9 .  Co mfo r t a na l ysi s r e s ults fo r  a  p r o p o se d c o nte mp o r a r y d we ll in g.  
Str a te g y  B e st r e sult  Lo a d  c o ns u mp tio n fo r  c o o l ing   So l u tio n  
  ( kW h/ m2 )   
O r ie nta tio n  E - W  a xis  -  -  
G la z in g  3 0 - 3 0 - 1 5 - 1 5  ( %)  6 . 1 1  1  
N a tur a l li gh tin g  Ar c hite c t ur a l o p ti mi sa tio n  5 . 7 5  2  
Sha d i ng d e vic e  V e r a nd a  a t fr o nt,  o ve r ha n gs a r o und   4 . 3 9  3  
T he r ma l  i n e r tia  B r ic k ( 2 0 0 +5 0 mm)  3 . 4 9  3 . 1  
Co nc r e te  b lo c k ( 2 5 0 + 5 0 mm)  3 . 9 8  3 . 2  
I ns ula tio n  Sa nd wic h p a ne ls ( Zi nc  +  in sul a tio n)  4 . 4 4  3 . 3  
Ce ili ng -  Fib r e  gla ss,  c o nc r e te  b lo c k  4 . 0 5  3 . 4  
Co nc r e te  B lo c k +  e xte r io r  in s ul a tio n  3 . 3 7  3 . 5  
D o ub le  b r ic k p lus c a vit y -  i ns ul a tio n  3 . 3 5  3 . 6  
So lutio n 3 . 3  c o mb ine d  wit h so l u tio n 3 . 5  3 . 4 3  4  
V e ntila t io n  M ixe d - mo d e  s yste m  0 . 8 3  5  
 
Br i c ks  wa l ls  we r e  si mul a t ed a nd t hi s  pr ove d t o be  t he  be s t  ma t e ri al  ( wi thout  i ns ula t ion) , ne v-
e r t he le s s it  i s  i mpor t ant  t o not e t ha t t he y a r e not  pr oduc e d or  s old at  pr es e nt  i n Gui ne a -Bi s s a u 
( Sol ut ion 3.1) . Alt e rna ti ve ly, whe n t he  thi c kne ss  of  t he  c oncr et e  bl oc ks  wa s  i ncr ea s e d t he  r e sult s 
we r e  al s o s at i sf ac t or y. In t his  st udy i t  was  dec i de d t o proc ee d wit h def a ul t  ma t er i al s  of  t he 
mi ni mu m l e ga l l y pr e sc ri bed t hi c kne s s (M OPCU iv , 2006) , a dding i ns ul at i on s ys tems  ( Sol uti on  
4) . T he be st  r e sult  is  as s ocia t e d t o ve nt il at i on pr omot e , he re  si mul a t e d by t he  ope ni ngs  pr es c ri p-
t i on, a nd a mi xe d-mode  s ys t e m, a  c ombi nat i on of ai r -c ondit i oni ng a nd nat ura l  ve nt il a ti on whe re 
t he  HV AC s ys t e m s huts  down whe ne ve r out s ide  c ondi ti ons ar e  wi t hi n t he  de fine d t her mos t a t 
r a nge  ( 20-28º C); 
5 CONCLUS IONS AND RE COM M ENDAT IONS  
T he ma i n c oncl usi ons t o be dr a wn f r om t hi s s tudy a r e: 
i .  Ra mme d e a r t h wa l l s  on e xi s te nt  bui l di ngs  ha ve  be t te r pe r f or ma nc e  t ha n t he  us ua l l y us e d 
c onc re te  bloc k wi t hout  i ns ul a ti on ( on ur ba n doma i ns ); 
i i .  For  the  Gui nea -Bi s s a u cl i ma t e , t he  ma i n c onc er ns  i n c li ma t i c  de si gn i nvol ve  pr e ve nti on of  
ove r he a ti ng, me a ni ng t ha t  the  ma i n l oadi ng r e quir e me nt s  ar e  f or  c ool i ng s ys t e ms ; 
i ii .  One  of  t he  good pr ac ti c es  s t ar t s wit h or i ent at ion on E-W  a xi s , mi ni mu m gl a zi ng di st ri bu-
t i on t o Ea s t  a nd W e st  fa c a de s , a nd s ha di ngs ; 
i v. Na t ura l  ve nti la ti on i s  a r el eva nt  s tr a te gy, whi c h a c ts  on he a t  di ss ipa ti on; 
v.  T he use  of  me c ha nic a l c ooli ng s ys t e ms  ma y be  ne ce s sa r y, howe ve r  i t  i s poss i bl e  to r e duc e 
i t s  r e quir e me nt  t o mi ni mum;  
vi . T he use  of  i ns ul at i on s ys tems  l i ke  pol yur et hane  or  e xpa nde d pol ys t yr e ne , i mpr ove s  buil d-
i ngs  t he r ma l  pe rf or ma nc e , wi t hout  c ost  ri s e;  Sol ut i ons l i ke  s a ndwi ch pa nel s  f or  roof  c a n 
e a s il y r e pl ac e  t il e d r oof , and c onc r et e bl oc k wa l ls  ext e ri or  i ns ul at e d, s ubst it ute s  br i c k 
wa l l s wi thout c ompr omi s i ng c o mf or t  l e ve l s . 
Loc a l  ma t er ia l s pr oduc ti on a nd t he  re ne wa bl e  e ner gy r e s ourc e  suc h a s  the  sol ar  phot ovol ta ic, 
s hould i nt e gr at e  the  pr i or iti e s  of  the  loc al  publ ic  a dmi nis tr a ti on. The  i mpr ove me nt  of  t he  pr o-
j e ct s  in t er ms  of  e ne r gy e f f ic ie nc y, r e duc i ng l i ghti ng a nd a r t if ic ia l  c ooli ng s ys t e ms  r e qui r e -
me nt s , t he  c ha nge  of  me nt a l it y s t a rt i ng t o c onsi der  bui l di ngs  s ol ut i on wit h 3, 4 f loor s  f or  hous -
i ng or  off ic e , ar e  s ome  of  t he  goa l s  for  sus ta i na bl e  c onst r ucti on pr a ct ic e  in Gui ne a -Bi s s au. 
It  i s  i mpor t a nt  to s ta t e  as  a  f i nal  not e  t ha t  one  of  t he  limi t a t i ons  of  Ecot ec t  5.20 i s t he  f ac t  t hat 
i t  doe s  not  pr ovi de  s ys te m s i mul a ti on; j us t  cooli ng l oads  we r e he re  si mul a t e d. One  wa y f or wa rd 
woul d undoubt edl y be  t o us e  e ner gy a na l ys i s  t ool  s uch a s  Ene r gyPl us . In t he  pr es e nt  i t  wa s  de -
t e r mi ne d t he  pot e nti a li t y of pa ss i ve  de s i gn s tr a te gi e s , but  mor e  i nve s ti ga ti on i s re quir e d bef or e 
t a ki ng a ny f ur t he r  c oncl usion.  
Chapter 3: Low cost sustainable building solutions
311
REFERENCES  
B a ke r ,  N .  V .  ( 1 9 87 ) .  P a ssive  a nd  Lo w E ne r g y B uild i ng D e sig n,  fo r  tr o p ic a l isla nd  c li ma te s,  Co mmo n-
we a lt h Sc ie nc e  Co u nc il,  Lo nd o n,  U K ;  
B a y,  J o o -H wa ;  O n g,  B o o n -La y ( 2 0 0 6 ) .  Tropical Sustainable Architecture ,  Social and Environmental Di-
mensions,  O xfo r d : E lse vie r  - Ar c hite c t ur a l P r e ss;  
G o nz á le s,  F.  J a vie r  N e i la  ( 2 0 0 4 ) .  Arquitectura Bioclimática, en un Entorno Sostenible ,  Co le c c ió n Ar q ui-
te c tur a  y T e c no lo gía ,  M a d r id : M un illa - Le r ía ;  
I SO  7 7 3 0 :20 0 5 (E ) .  E rgonomics of the Thermal Environment - Analytical Determination and Interpreta-
tion of Thermal Comfort Using Calculation of the PMV and PPD Indices and Local Thermal Comfort 
Criteria .  S witz e r la nd ,  T hir d  ed itio n,  2 0 0 5 . Fr e e  7  p a ge  sa mp le ; 
La nha m,  A na ; G a ma ,  P e d r o ; B r a z ,  Re na to  ( 2 0 04 ) .  Arquitectura Bioclimática, Perspectivas de inovação e 
futuro ,  Se miná r io  d e  I nve sti ga ç ã o ,  I nstituto  S up e r io r  T é c nic o ; 
La ub e r ,  W o fga ng  ( 2 0 0 5 ) .  Tropical Architecture - Sustainable and Human Building in Africa, Latin Amer-
ica and South-East Asia ,  P r e ste l; 
Le nge n,  J o ha n V a n ( 2 0 0 4 ) . Manual do Arquitecto Descalço , Rio  d e  J a ne ir o : Livr a r ia  d o  A r q uite c to ; 
M O P CU  ( 2 0 0 6 ) .  Regulamento Geral da Construção e Urbanismo da Guiné-Bissau ,  D ir e c ç ã o  G e r a l d e 
H a b ita ç ã o  e  U r b a nis mo ,  Re p ú b lic a  d a  G uiné -B issa u;  
M o ta ,  Ave l ino  T e ixe ir a  ( 1 9 48) .  Cla ssi fic a ç ã o  e  E vo luç ã o  d a  Ca sa  e  P o vo a me nto  I nd íge na .  E m A.  T e ixe i -
r a  M o ta  e  M . V e nti m N e ve s ( e d ) ,  A ha b ita ç ã o  ind íge na  na  G uiné  P o r tug ue sa ,  Ce ntr o  d e  E stud o s d a 
G ui né  P o r tugue sa ,  B issa u;  
P e r e ir a , D o mi n go s Si mõ e s ( 2 0 0 1) .  H a b ita ç ã o e  Sa ne a me nto ,  D ia g nó stic o  d a s ins tit uiç õ e s d e  se r viç o s 
so c ia is,  M O P CU ,  B issa u;  
P into ,  A.  Re a e s ; I ná c io ,  M .  M a r q ue s ( 2 0 0 1 ) .  A Evolução da Construção no Sentido da Sustentabilidade. 
Contribuição para uma Estratégia Nacional . E m F.  B r a nc o ,  J .  B r ito  e  M . G .  G o me s ( E d . ) ,  Co nstr uç ã o  
2 0 0 1 ,  Co ngr e sso  N a c io na l d a  Co ns tr uç ã o ,  P o r  u ma  Co nstr u ç ã o  Sus te ntá ve l  no  sé c .  X X I ,  V o l. 1 ,  I nstit u-
to  Sup e r io r  T é c nic o ,  Lisb o a : Co lp r inte r ;  
Ra mo s,  A.  Fe r r e ir a  ( 2 0 07 ) .  Os Desafios do Desenvolvimento Sustentável na Indústria da Construção .  E m 
G e nti n,  Ano  I I I ,  nº 4 /5 ; 
Sa l mo n,  Cle ve la nd  ( 1 9 99 ) .  Architectural Design for Tropical Regions ,  U SA: J o hn W ile y & So n s,  I nc . ;  
Silva ,  G o nç a lo  M .  N e ve s d a  (2 0 0 6) .  Arquitectura Bioclimática em Timor Leste, Caminho para a Susten-
tabilidade ,  T e se  d e  M e str a d o  e m Co nstr uç ã o ,  I nstit uto  s up e r io r  T é c nic o ,  Lisb o a ; 
Sta g no ,  B r uno ; U ga r te ,  J i me n a  ( 2 00 6 ) . Ciudades Tropicales Sostenibles, Pistas para su Diseño ,  I nstit uto  
d e  Ar q uite c t ur a  T r op ic a l,  Sa n J o sé ,  Co sta  Ric a : M a ste r lit ho  S. A. ;  
Y a o ,  Ru n mi ng;  Ste e me r s,  K o e n; Li,  B a iz ha n  ( 2 0 0 6 ) .  Sustainable Urban and Architectural Design ,  Ch ina :  
Chi na  Ar c hite c t ur e  & B uild i n g P r e ss.  
 
                                                      
i  B r untla nd  r e p o r t ( O ur  Co mm o n Fu tur e ) ,  U n ite d  N a tio n s C o nfe r e nc e ,  Sto c k ho l m,  1 9 8 7  ( P into  & I ná c io ,  
2 0 0 1) .   
ii  W itho ut t he  a id  o f me c ha n ic a l e q uip me nt.  
iii  D e fi ne d  a s the  me nta l c o nd iti o n in wh ic h a n i nd ivid ua l fe e l s sa tis fie d  wit h t he  the r ma l e n vir o n me n t,  a s 
in I SO  7 7 3 0  ( Y a o  e t a l.) .   
iv M O P CU  - G ui ne a  B issa u M in istr y o f P ub lic  W o r ks,  Co nstr u c tio n a nd  U r b a n P la n nin g.  
Portugal SB10: Sustainable Building Affordable to All
312
1 LCC AND IT S IM PORT ANCE 
Li f e Cyc l e  Cos ti ng i s a  me t hodol ogy f or  s ys te ma t i c  ec onomi c  e va l uati on of  t he li f e c yc l e c osts 
ove r  a  per i od of  ana l ysi s , as de fi ne d i n t he  a gr ee d sc oping ( ISO 15686-5, 2006) . 
In  ot he r  wor ds , it  i s  a n e c onomi c  me t hodology f or  s e le c ti ng t he  mos t  c os t -e f fe c tive  de s i gn a l t er -
na ti ve  ove r  a  pa r t i c ul ar  t i me  f r a me , t a ki ng i nt o c ons ide r at i on i t s  c ons tr uct ion, ope r at i on, ma i n -
t e na nc e , r e pl a ce me nt , r e ha bi li t at ion c os ts  a nd a ls o re s idua l  va l ue . 
 
 
 
 
 
Lif e cycle co s t as  b as e to d ef in e low co s t s u s tain ab le b u ild ing 
s o lu tio n s 
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ABST RACT :  Li f e c yc l e c os t  ( LCC)  i s  a n a ppr oa c h t ha t  as s es s es  t he  t ot a l c os t  of a n as s et  over 
i t s  l if e  c yc l e  i nc l udi ng i nit ia l  c a pi ta l  c os t s , ma i nte na nce  c os ts , ope ra ti ng c os t s  a nd t he  a s s et ’s  r e -
s i dual  va l ue  at  t he  e nd of  i ts  l if e . 
Nowa da ys , mos t  buil der s  ar e  onl y c once r ne d wit h t he i nit ia l  c a pi ta l  c ost s  ( la nd, pr oj ec t a nd c on-
s t r uc ti on c os ts ) , wor ki ng t owa r ds  t he ir  mi ni mi za t i on. T he  sa me  l ogi c  c a n be  a ppli e d t o sus ta i na -
bl e  bui ldi ng. 
T hi s  l e a ds  t o a n e mpha s is  on t he  i ni ti a l  c ost , in det rime nt  of  t he  ot he r  l if e  c yc le  c ost s , and, i n 
s ome  c a s e s , to t he  s uppor ting of  s ol uti ons  t ha t  re qui r e  s ma l l e r  i nve s t me nt  but  ha ve  hi ghe r  ope r a -
t i ona l c ost s (s uc h a s t he  appl ic a ti on of le s s i ns ula ti on r e s ul ti ng i n hi gher  nee d f or  hea ti ng a nd 
c ooli ng e ne r gy)  a nd al s o l owe r  s ust ai na bl e  l e ve ls  (l i ke  hi ghe r  ca r bon e mi s s i ons ) . 
In t hi s  c ont e xt , t he a ppl ic ati on of  LCC t o t he  s ust ai nabl e  buil ding a ppr oa c h c ould bri ng a  fr es h 
pe r s pe ct i ve  to t he  LCC me thodol ogy a s  wel l a s a  s tr ong c ont ri but i on t o t he  ec onomi c  di me ns i on 
of  s us t ai nabl e  c onst ruc ti on.  
T he  obj e c ti ve  of  t hi s  pa per  i s  t o pr es e nt  a  r e vi e w of  t he ma i n LCC a ppr oa c hes , dif fe r e nt  a ppl ic a -
t i on c a se s  t o s us t ai nabl e  bui l di ng a nd dis c us s  the  pot ent ia l  and li mi t a ti ons  of  t hi s me t hodol ogy 
i ncl uding a  c a s e a nal ys i s . 
A s e l e ct e d LCC me t hodology a ppr oa c h i s  propose d t o be  a ppl ie d i n t he  s pe ci fi c  c as e  st udy 
He xa  bui l di ng ( a  s i x f loor  bui ldi ng, wit h c omme r c i a l  pur pose s  i n t he  gr ound fl oor  a nd r es i de n-
t i al  pur pose s  i n the  ot her  five )  de ve l ope d by t he  Sust aina bl e t ea m of  Sys t e m Li de rA.  
T he c as e  st udy s hal l c ompa r e  t he  l if e  c yc l e  cos ts  of  di ve r s e  a lt e rna ti ve  s ol uti ons t a ki ng i nt o a c -
c ount s e ve ra l i ss ues  s uc h a s  const r ucti on ma t er i al s , ins ul ati on opti ons , gl a zi ng a r e a a nd t ype, 
a nd al s o ot her  s ol ut i ons  that  r ange  f r om a n E t o a n A and A+  Li de r A cl a ss .  
Ba s e d on t he  He xa  bui l di ng LCC  pr e l i mi na r y r e sult s , t he  li mi t a ti ons  a nd pote nti a l  of  t hi s  a p-
pr oa ch wil l  be  di s cus se d and ot he r  r es e ar c h ma t te r s, t o be de ve l ope d i n t his  ar tic l e  a nd f utur e 
pe r s pe ct i ve s  t o t hi s  me t hodol ogy a ppl i ca ti on, will  be  poi nte d out .  
Chapter 3: Low cost sustainable building solutions
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Fi gur e  1 - LCC a nd e f fi ci e nt  a lt er nat i ve s
 
 
Ac c or di ng t o the  Roya l  Ins ti t ut e  of  Char te r e d Sur ve yor s  ( 1983) , t he  obj ec ti ve s  of  LCC a r e :
• T o e na bl e  i nve s t me nt  opt i ons  
• T o c onsi der  t he  i mpa c t  of  al l  cos ts  ra t he r  t ha n onl y i ni ti a l  c a pi ta l  c ost s ;
• T o a s si st  i n t he e ff e ct i ve  ma na ge me nt  of  c ompl e te d bui l di ngs  a nd pr oj e ct s;
• T o f a ci li ta te  c hoi c e bet we en c ompe t i ng a lt er nat i ve s . 
2 SUST AINAB IL IT Y AN D LCC
Eve r  s i nc e  t he Br u ndtl a nd r e por t ( 1987) st a te d t hat
me nt  t ha t  me e t s  t he  ne e ds  of  t he  pr es e nt  wit hout  c ompr omi s i ng t ha t  abil it y of  f ut ure  ge ne r at i ons 
t o me e t  the ir  own ne e ds ” , the  i mpor ta nc e  of  t he  Sus ta ina bl e a p
c r e as i ng. It  br i ngs  ec onomi c , envi r onme nt al  a nd s ocia l  c onc er ns  t oge t he r  l ooking t o s ti mul a t e 
t he  e qui li br i um be t we e n the  t hre e  di me ns ions . In t hi s  per s pec ti ve , s us ta i na ble  c onst r ucti on 
doe s n’ t  l ook f or a n exc el le nt  envi r onme
c ompa ny, or  a n e xc e ll e nt  fi na nci al  per f or ma nc e  a t  the  e xpe ns e  of  i mpor t a nt  a dve r s e  e nvi r o
me nt a l  a nd s oci al  e ff e ct s .  
Ac c or di ng t o Pi nhei r o ( 2006) , s us ta i na ble  c ons tr uct i on t a ke s  i nt o a cc ount  t he  tot al  li fe  c yc le 
of  t he a ss e t a nd c ons ide rs  tha t  t he re s our c es  of  c onst ruc ti on a r e ma t e ri al s , s oil , ene r gy a nd w
t e r . Fr om t he s e  r e s our ce s , K i be rt  e st a bl is he d t he  f i ve ba s ic  pri nci ple s  of  s ust ai na bl e
t i on: 
• Re duc e  r e s our ce  c ons umpt ion;
• Re us e  r e s our ce s  whe ne ve r  it  i s poss i bl e;
• Re c yc l e  ma t e ri al s  at  the  e nd of  the  bui ldi ng’ s  l if e  a nd us e  re c yc l a bl e  r e sourc e s;
• Pr ot ec t  na tur al  s ys te ms  a nd i t s f unc ti on i n al l  a ct i vi ti e s;
• El i mi na te  t oxi c  ma t er ia l s and
T ra diti onal  c onst ruc ti on i s 
s t r uc ti on a dds  t o t hose  c ri ter i a  t he  mi ni mi za t i on of  t he  us e  of  sc a rc e  re s our c es  a nd e nvi r onme
t a l  de gr a dat ion, a nd a ls o t he  c r ea ti on of  a  he al t hy built e nvi r onme nt  (Ki ber t , 1994) .
Ac c or di ng t o Godf a ur d ( 2005) , s ust ai na bl e  c onst r uc ti on i nvol ve s  the  consi der at i on of the 
bui ldi ng’ s  l if e  c yc l e  be c a us e  t he  mi ni mi za t i on a nd reduc ti on of  t he  i mpa c t s  on na t ur e  de pe nds 
on t he  pe rf or ma n c e  of  t he bui ldi ng duri ng a ll  it s  pha s e s . Foll owi ng t hi s  l i ne  of  t hi nki ng, l ife 
c yc l e  c os t  ana l ys is  s houl d re pl ac e  t he  sol e c onsi der at i on of  the  i nit ia l  i nve s t me nt  cos t . 
As  a  r ef er e nc e , Gupt a  ( 1983)  me nt i ons  t ha t  a ppr oxi ma t e l y 75%  of t he  li fe  c yc l e  cos t  o
s e t  i s  r el at e d t o t he  ope ra tion a nd ma i nt e nanc e  pha se , 
t i on of  l if e  c yc le  c os t  when a na l yzi ng a n a s se t .
If  c os t s  ar e a nal yze d i n an e quil i br at e d pe rs pec ti ve  of  t he  l if e  c yc l e  i t is  
t he  a ppli c a t i on of  s us ta i nabi li t y t o the  c ons tr uct i on indus tr y wi t hout  s a cr if ic i ng
c ompone nt  is  a  r e a cha bl e  r ea l it y a nd is  of e xt r e me  i mpor t anc e .
LCC a nd e f fi ci e nt  a lt er nat i ve s  
Ac c or di ng t o the  Roya l  Ins ti t ut e  of  Char te r e d Sur ve yor s  ( 1983) , t he  obj ec ti ve s  of  LCC a r e :
T o e na bl e  i nve s t me nt  opt i ons  t o be  mor e  e ff e cti ve l y e va l uat e d; 
T o c onsi der  t he  i mpa c t  of  al l  cos ts  ra t he r  t ha n onl y i ni ti a l  c a pi ta l  c ost s ;
T o a s si st  i n t he e ff e ct i ve  ma na ge me nt  of  c ompl e te d bui l di ngs  a nd pr oj e ct s;
T o f a ci li ta te  c hoi c e bet we en c ompe t i ng a lt er nat i ve s .  
D LCC  
ndtl a nd r e por t ( 1987) st a te d t hat  s us ta i na ble  de ve lopme nt  is 
me nt  t ha t  me e t s  t he  ne e ds  of  t he  pr es e nt  wit hout  c ompr omi s i ng t ha t  abil it y of  f ut ure  ge ne r at i ons 
t o me e t  the ir  own ne e ds ” , the  i mpor ta nc e  of  t he  Sus ta ina bl e a p pr oac h has  bee n 
c r e as i ng. It  br i ngs  ec onomi c , envi r onme nt al  a nd s ocia l  c onc er ns  t oge t he r  l ooking t o s ti mul a t e 
t he  e qui li br i um be t we e n the  t hre e  di me ns ions . In t hi s  per s pec ti ve , s us ta i na ble  c onst r ucti on 
doe s n’ t  l ook f or a n exc el le nt  envi r onme nt al  per f or ma nc e  s a cr if i ci ng e c onomi c  vi a bi li t y of a 
c ompa ny, or  a n e xc e ll e nt  fi na nci al  per f or ma nc e  a t  the  e xpe ns e  of  i mpor t a nt  a dve r s e  e nvi r o
( 2006) , s us ta i na ble  c ons tr uct i on t a ke s  i nt o a cc ount  t he  tot al  li fe  c yc le 
of  t he a ss e t a nd c ons ide rs  tha t  t he re s our c es  of  c onst ruc ti on a r e ma t e ri al s , s oil , ene r gy a nd w
t e r . Fr om t he s e  r e s our ce s , K i be rt  e st a bl is he d t he  f i ve ba s ic  pri nci ple s  of  s ust ai na bl e
Re duc e  r e s our ce  c ons umpt ion;  
Re us e  r e s our ce s  whe ne ve r  it  i s poss i bl e;  
Re c yc l e  ma t e ri al s  at  the  e nd of  the  bui ldi ng’ s  l if e  a nd us e  re c yc l a bl e  r e sourc e s;
Pr ot ec t  na tur al  s ys te ms  a nd i t s f unc ti on i n al l  a ct i vi ti e s;  
El i mi na te  t oxi c  ma t er ia l s and  i ts  bypr oduc t s i n e ve r y l i f e  c yc l e  pha s e .
T ra diti onal  c onst ruc ti on i s mos t l y c onc er ne d wit h cos t , ti me  a nd qua li t y. Sus ta i na bl e  co
s t r uc ti on a dds  t o t hose  c ri ter i a  t he  mi ni mi za t i on of  t he  us e  of  sc a rc e  re s our c es  a nd e nvi r onme
c r ea ti on of  a  he al t hy built e nvi r onme nt  (Ki ber t , 1994) .
Ac c or di ng t o Godf a ur d ( 2005) , s ust ai na bl e  c onst r uc ti on i nvol ve s  the  consi der at i on of the 
bui ldi ng’ s  l if e  c yc l e  be c a us e  t he  mi ni mi za t i on a nd reduc ti on of  t he  i mpa c t s  on na t ur e  de pe nds 
c e  of  t he bui ldi ng duri ng a ll  it s  pha s e s . Foll owi ng t hi s  l i ne  of  t hi nki ng, l ife 
c yc l e  c os t  ana l ys is  s houl d re pl ac e  t he  sol e c onsi der at i on of  the  i nit ia l  i nve s t me nt  cos t . 
As  a  r ef er e nc e , Gupt a  ( 1983)  me nt i ons  t ha t  a ppr oxi ma t e l y 75%  of t he  li fe  c yc l e  cos t  o
s e t  i s  r el at e d t o t he  ope ra tion a nd ma i nt e nanc e  pha se , whi c h ma ke s  una voi da bl e t he
t i on of  l if e  c yc le  c os t  when a na l yzi ng a n a s se t .  
If  c os t s  ar e a nal yze d i n an e quil i br at e d pe rs pec ti ve  of  t he  l if e  c yc l e  i t is  unde r st anda ble
t i on of  s us ta i nabi li t y t o the  c ons tr uct i on indus tr y wi t hout  s a cr if ic i ng
c ompone nt  is  a  r e a cha bl e  r ea l it y a nd is  of e xt r e me  i mpor t anc e .  
Ac c or di ng t o the  Roya l  Ins ti t ut e  of  Char te r e d Sur ve yor s  ( 1983) , t he  obj ec ti ve s  of  LCC a r e :  
T o c onsi der  t he  i mpa c t  of  al l  cos ts  ra t he r  t ha n onl y i ni ti a l  c a pi ta l  c ost s ;  
T o a s si st  i n t he e ff e ct i ve  ma na ge me nt  of  c ompl e te d bui l di ngs  a nd pr oj e ct s;  
s us ta i na ble  de ve lopme nt  is t he “ de ve l op-
me nt  t ha t  me e t s  t he  ne e ds  of  t he  pr es e nt  wit hout  c ompr omi s i ng t ha t  abil it y of  f ut ure  ge ne r at i ons 
pr oac h has  bee n cons is t entl y i n-
c r e as i ng. It  br i ngs  ec onomi c , envi r onme nt al  a nd s ocia l  c onc er ns  t oge t he r  l ooking t o s ti mul a t e 
t he  e qui li br i um be t we e n the  t hre e  di me ns ions . In t hi s  per s pec ti ve , s us ta i na ble  c onst r ucti on 
nt al  per f or ma nc e  s a cr if i ci ng e c onomi c  vi a bi li t y of a 
c ompa ny, or  a n e xc e ll e nt  fi na nci al  per f or ma nc e  a t  the  e xpe ns e  of  i mpor t a nt  a dve r s e  e nvi r o n-
( 2006) , s us ta i na ble  c ons tr uct i on t a ke s  i nt o a cc ount  t he  tot al  li fe  c yc le 
of  t he a ss e t a nd c ons ide rs  tha t  t he re s our c es  of  c onst ruc ti on a r e ma t e ri al s , s oil , ene r gy a nd w a -
t e r . Fr om t he s e  r e s our ce s , K i be rt  e st a bl is he d t he  f i ve ba s ic  pri nci ple s  of  s ust ai na bl e  c onst r uc -
Re c yc l e  ma t e ri al s  at  the  e nd of  the  bui ldi ng’ s  l if e  a nd us e  re c yc l a bl e  r e sourc e s;  
i ts  bypr oduc t s i n e ve r y l i f e  c yc l e  pha s e .  
l y c onc er ne d wit h cos t , ti me  a nd qua li t y. Sus ta i na bl e  co n-
s t r uc ti on a dds  t o t hose  c ri ter i a  t he  mi ni mi za t i on of  t he  us e  of  sc a rc e  re s our c es  a nd e nvi r onme n -
c r ea ti on of  a  he al t hy built e nvi r onme nt  (Ki ber t , 1994) .  
Ac c or di ng t o Godf a ur d ( 2005) , s ust ai na bl e  c onst r uc ti on i nvol ve s  the  consi der at i on of the 
bui ldi ng’ s  l if e  c yc l e  be c a us e  t he  mi ni mi za t i on a nd reduc ti on of  t he  i mpa c t s  on na t ur e  de pe nds 
c e  of  t he bui ldi ng duri ng a ll  it s  pha s e s . Foll owi ng t hi s  l i ne  of  t hi nki ng, l ife 
c yc l e  c os t  ana l ys is  s houl d re pl ac e  t he  sol e c onsi der at i on of  the  i nit ia l  i nve s t me nt  cos t .  
As  a  r ef er e nc e , Gupt a  ( 1983)  me nt i ons  t ha t  a ppr oxi ma t e l y 75%  of t he  li fe  c yc l e  cos t  o f  a n a s -
una voi da bl e t he  c onsi der a -
unde r st anda ble  that 
t i on of  s us ta i nabi li t y t o the  c ons tr uct i on indus tr y wi t hout  s a cr if ic i ng  t he  e c onomi c  
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In  r e a l it y, f e w a r e  t he  c ompa ni es  t hat  s e e k t o pr oduc e  bui l di ngs  wi t h hi gh qual it y a nd dur a bi l -
i t y, due  t o t he  si ze  of  t he  i ni ti a l  i nve st me nt  ne e de d t o ens ur e  r e duc e d oper a ti on a nd ma i nt e na nc e 
c os ts . As  t he  bui l de r  is  us ua l l y not  t he  f ina l  us e r  of  t he a s s e t, c onst r uc ti on c ost s  are  s upport e d by 
a  di ff er e nt  e nt it y t ha n oper at i on a nd ma i nt ena nce  c ost s , t hus  the  bui l de r  doe s n’ t  have  a ny a dva n -
t a ge  i n i mpl e me nt i ng s uc h me a s ur e s , r a is i ng his  c os t s  in or der  to r educ e  t he c ost s  of  othe rs . 
3 LCC APPROACH  
In a ppr oa c hes  s uc h as  LCC, i t bec ome s  ne c es s ar y t o divi de  c ost s  i nt o gr oups  tha t c a n be  def i ne d 
a nd es ti ma t e d s e par at e l y, ma ki ng i t  ea s ie r t o quanti fy t he  cos ts  and c ompa r e  dif f er e nt  alt e r na -
t i ve s . 
T he  pr oc es s  of  LCC a na l ys i s  de pe nds  ma i nl y on i dent if yi ng a l l  r el e va nt  c ost s  whi c h oc c ur 
ove r  a  s pe ci fi e d pe ri od of  s t udy. If  t he  ana l ys is  pe ri od i s t he  a ss et ’ s li f e c yc l e , thos e  c ost s  i n-
c l ude a ll  pos si ble  c ost s  f r om t he  i nit i al  ac qui s it ion c ost s  to t he  e nd of  l if e  cos ts . 
In  t ha t  c a se , a  pos si ble  c os t  br ea kdown s t r uc t ur e  woul d be  ( Da vi s  La ngdon Ma na ge me nt  
Cons ult i ng, 2007 ba se d on ISO 15686-5, 2006)  t he  one  s hown i n T a bl e  1. 
 
3.1 Basic steps 
Se ve r a l  a ut hor s pr opos e  pos s ibl e s te ps  t o ge ner a te  an e ff e ct i ve  LCC a na l ys i s suc h a s Ki ng 
Count y ( n.d.) , Da vi s  La ngdon M a na ge me nt  Cons ult ing ( 2007)  a nd K ell y a nd Hunt e r  ( 2007). 
Howe ve r , i n e ve r y s et  of  s te ps  the  sa me  e s s e nt i al  poi nts  c a n be  ide nt if i ed.   
Ac c or di ng t o K el l y a nd Hunt er  ( 2007) , Rue gg e t  a l  (1980)  a nd Fl a na ga n a nd J ewe l l  (2005) 
t he re  ar e  f i ve  ba si c  s t eps  t o ma ki ng de c i s i ons  a bout  opti ons: 
• Ide nt i f y pr oj e c t  obj e c ti ve s , opt ions  and c ons tr ai nts ; 
• Es t a bl is h bas i c  a s sumpt i ons  wi t h r e spe ct  t o t he  pe ri od of  s tudy, t he  di s c ount  r at e , t he 
l e ve l  of  c ompr e he ns i ve nes s, da t a r equir e me nt s , ca s h f lows  a nd i nfl at i on; 
• Compi l e  da ta ; 
• Di s c ount  ca s h f l ows  t o a  c ompa r a bl e  t i me  ba s e; 
• Comput e  t ot al  l if e  c yc le  c os t s , c ompa r e  opt i ons  a nd ma ke  de c is i ons . 
3.2 Method of cost evaluation and risk assessment techniques 
T her e a re  ma ny di ff e re nt me t hods  t o e va l ua t e the  l ife  c yc l e c os t  of a n a s se t . As  t he  pr i ma r y 
obj e cti ve  of  LCC i s  t o f a ci li t at e t he  ef f ec ti ve  c hoi c e  be t we en a  numbe r  of  c ompe ti ng a l te r na -
t i ve s , t he  mos t  use d me t hod i s  t he  Net  Pre s e nt  V al ue  (NPV ) . 
T he NPV of  a n al te r na ti ve  i s  t he  s umma t i on of  al l c ost s  oc c ur r e d duri ng t he  per iod of  s t udy 
of  t he  l if e c yc l e of t he  as s et , c onve r t ed t o t hei r  pr es e nt va l ue  ( usi ng a  di s count  ra te )  so t hat  the y 
a r e c ompa r a bl e . The  a lt er na t i ve  wi t h t he  hi ghe s t NPV  i s t he  mos t  cos t ef f ec ti ve  c hoi ce  (Ki ng 
Count y, n.d.).LCC de al s wit h t he  f ut ure  a nd, as  t he f utur e  i s unknown, the re  i s  a  ne e d t o be  able 
t o f or ec a st  a  l ong wa y a he a d i n t i me , ma ny f a c t or s  s uc h a s  l if e c yc l es , fut ur e ope r at ing a nd 
ma i nt e na nce  c ost s , a nd di sc ount  a nd i nfl at i on ra te s . Thi s  dif fi c ul t y i s  wor s ene d by t he  di f f ic ult y 
i n obt a ini ng t he  a ppr opr i at e l e ve l  of  i nf or ma t i on a nd da t a . T he re f or e , t he  t re a t me nt  of  unc er ta i n-
t y i n i nf or ma t ion a nd dat a  be c ome s  c r uci al  to t he  i mpl eme nt a t i on of  LCC (Ki s hk et  a l., 2003) . 
T o de al  wi th t he s e  pr obl ems  t he r e  ar e  va ri ous  r is k a s s es s me nt  te c hni ques . Nowa da ys , t he 
mos t  us e d ones  a re  Se nsit i vi t y Ana l ys is  ( det er mi nis t ic  a ppr oac h) , M ont e  Car l o Si mul a t ion 
( pr oba bil is ti c  a pproa c h)  a nd t he  Fuzz y Se t  T he or y. 
 
 
 
Chapter 3: Low cost sustainable building solutions
315
T
able
 1
 
-
 C
o
st B
reakd
o
w
n
 Stru
ctu
re
 fro
m
 D
a
vis
 L
a
ngd
o
n
 M
a
n
ag
em
ent C
o
n
sulting
 (2007)
 
A
cq
uisitio
n
 
–
 
n
o
n
-co
n
stru
ctio
n
 co
sts
 
A
cq
uisitio
n
 
–
 d
esign
 
a
nd
 co
n
stru
ctio
n
 
O
p
eratio
n 
M
ainten
a
n
ce
 
R
eh
abilitatio
n
 
 
E
nd
 of
 life/
 dis
-
p
o
sal/h
a
nd
-b
a
ck
 
 
In
co
m
e
  
Site (lease/ purchase of land and/ or existing building(s) /asset(s),     
including related fees and 
local taxes) 
Professional services
 
(project management, architecture, structural/ civil/ environmental engineering, cost and value management)
 
Facilities management 
(cleaning, security, waste management) 
Maintenance management (inspections, 
contracts 
management) 
Adaptation 
(evacuation, works, 
             
re-commissioning, 
fit-out) 
 
Final condition 
inspection    
 including fees 
 
 
Sales of land, interests in 
assets, salvaged  materials
 
 
Finance (interest or cost 
of money; wider 
         
economic impacts) 
 
Site clearance, temporary works 
 
Rates / local taxes, land 
charges 
 
 
Minor repairs/ replacements/ 
renewals 
 
Major replacement
/
 
renewal/ refurbishment (evacuation, works, re-commissioning, fit-out) 
 
Restoration/ reinstatement (as required by lease/contract)
 
Grants, tax allowances 
Client’s in-house  resources (property/ 
project management, 
              
administration/          
overheads) 
 
Construction (infrastructure,  
structure, envelope,  services, fitting out, 
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handover)
 
Regulatory costs (fire, access inspections) 
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business 
opportunity costs during downtime 
Loss of facility /  
business opportunity costs during downtime 
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Professional advice 
(planning, legal, preparing 
brief, sustainability) 
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Energy 
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transport (lifts)) 
Grounds 
maintenance 
 
 
Demolition,  disposal, site 
clean-up 
 
 
Landscaping, external 
works
 
Utilities
 (water,
 
sewerage,
 telephone)
 
Redecoration 
 
 
 
 
  
Rent 
Cleaning 
 
 
 
 
  
Insurances 
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4 APPL ICAT IONS  
T he pre s e nt e d LCC me t hodol ogy a ppr oa c h i s  be ing t r ied out  on a  mode l  bui l di ng pr oj ec t  c al l ed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2  - T yp e  flo o r  o f t he  H E X A b u ild in g  
 
HEX A ( de v e l ope d by t he  Sus t ai nabl e  t e a m of  Sys t em Li de r A) , whi c h i s  a  si x fl oor  sus ta ina bl e 
mul t i f a mi l y ha bit a ti on bui ldi ng ( e xc ept  f or  t he  gr ound f l oor  whi c h ha s  c omme r c i al  pur pos es) 
t hat  a ppl ie s  t he  Li der A c ri te r ia  t o a ll  it s  c ompone nt s . 
T he obj e ct i ve  i s t o c ompa re  dif fe r ent s ol uti ons  a nd f ind out  whi c h one s ar e  be st  s uit e d t o the 
i nte nde d l if e  s pa n of  t he  bui l di ng a nd it s  c ost s  by t a ki ng Li de r A’ s  c ri te ri a  int o a c count . 
For  t hes e  c ompa r is ons  to be  pos si ble  t her e  is  ne e d for  i nfor ma t i on suc h a s  ma te r ia l , la bour 
a nd e qui pme nt  cos ts  for  t he  a ppl ic a ti on of  t he  pos si ble  s ol uti ons , e ner ge t ic  ine rt ia s  of t he  c om-
pone nts  a nd t he  ef f ec t  i t  has  on a  s pe ci fi c  t ype  of  r oom, ma t e r i a l  and c ompone nts ’  qual it y, dur a-
bi li t y a nd pe rf or ma nc e , e ner gy us a ge  of  e l e ct ri c  he at e rs  a nd coole r s . 
T her e a re  di ff er e nt  s our ce s of  i nf or ma t i on s uc h a s  t he  ma nuf a ct ure r s , s uppli e rs , c ont r ac t ors 
a nd t es ti ng s pe c ia li st s , hi s tor i ca l  da t a  a nd dat a  fr om mode l i ng t e c hni que s. The  di ff i cult y of  l ife 
c yc l e  c ost  e s ti ma t i on li e s  on t he  una va i la bili t y of  s ome  t ype s  of  i nf or ma t i on in t he  de s i gn pha se 
s uc h as  oper at i on a nd ma i nte na nce  c ost s . 
4.1 Case study 
T o be gi n t he  s tudy, a  ba se HEX A buil di ng ha d t o be ma de , t o s e r ve  as  r ef er e nc e  t o c ompa r e 
c os ts  a nd s a vi ngs  of  t he  ot he r  di ff e re nt  s oluti ons . It s  c ha r a ct er is ti c s  a r e pr es e nt e d in Ta ble  2. 
 
T a b le  2  - M a in c ha r a c te r ist ic s o f the  b a se  H E X A b u ild in g  
Cha r a c te r is tic  D e sc r ip tio n  
Lo c a tio n  Lisb o n  
E xte r na l wa l ls  D o ub le  b r ic k 0 . 1 1 + 0 .1 5  
I ns ula tio n  N o n  e xi ste n t  
I nte r na l c o nc r e te  wa ll s to  L na  Co nc r e te  +  3 c m o f o u tsid e  X P S  
Ro o f  P la in ga r d e ne r  r o o f +  3  c m X P S   
T he r ma l I ne r tia  Str o ng  
G la z in g  wi nd o ws ( slid in g)  M e ta l fr a me ,  d o ub le  gla z in g  wit h 6 mm i n b e t we e n  
So la r  o r ie nta tio n  N ( kitc he n)  –  S( liv in g r o o m)  
V e ntila t io n  N a tur a l ve nti la tio n ( N P  1 0 3 7 - 1 )  
So la r  p a ne ls *  1 m 2 /p e r so n  
Co n ve nt io na l wa te r  he a tin g s y st.  G a s wa te r - he a te r  
H e a tin g s yste m  E le c tr ic a l r e sista nc e  
Co o lin g s yste m  Fr e e z e r  ma c hi ne  ( a b so r p tio n c yc le )   
 
T he st udy wa s c onduc te d for  a dwel li ng on t he t op fl oor  by va r yi ng t he c ha r ac t eri s ti cs  of  t he 
e xt er nal  wa l l s  a nd windows. T he  va r ia ti ons  i nt r oduc e d we r e  t he  f oll owi ng: 
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• Sol uti on 1 – Appl yi ng 3 c m of  i ns ula ti on i nsi de  t he  doubl e  bri c k e xt er nal  wal ls  of  the 
ba s e  c a s e; 
• Sol uti on 2 – Appl ing 3 c m of  e xt er nal  ins ul a ti on on a  0,22m br i c k wa l l i ns te a d of the 
doubl e bri c k one  of  t he  base  c a se ; 
• Sol uti on 3 - Appl i ng 6 c m of  e xt er nal  ins ul a ti on on a 0,22m br i c k wa ll  i ns te a d of t he 
doubl e bri c k one  of  t he  base  c a se ; 
• Sol uti on 4 – Cha ngi ng s ol a r  or i ent ati on of  the  dwel li ng t o S( ki t c hen)  – N( livi ng 
r oom)  ( al l  s ola r  ori e nt a ti on pos si bili ti e s  we r e s tudie d, but  t his  wa s t he  onl y one  that 
i ntr oduce d sa vi ngs  i n c ompa r is on t o the  bas e  ca s e) ; 
• Sol uti on 5 – Appl yi ng doubl e  gl a zi ng wi t h 16 mm i n be t we en i nst e ad of  t he  6mm of 
t he  ba s e  c a se ; 
• Sol uti on 6 – Appl yi ng t he rma l  c ut  t o t he gl a zi ng wi ndows ; 
• Sol uti on 7 – Appl yi ng PV C f r a me  i nst ea d of t he  me t a l  f r a me  of  t he  ba s e  c a se . 
An HEX A dwe l li ng ha s  a ppr oxi ma t el y 130 m 2  of  f l oor  a r ea , 84 m 2  of  e xt e r na l  wa l l  ar ea  a nd 
17 m 2  of  wi ndow a re a . 
A s t udy c onduc t e d by Fe r re i ra  ( 2010)  re ve a l e d t he  e ne r gy c ons umpt i on of , not  onl y t he  base 
c a s e , but  a ls o t he  ot he r c ons i der e d s oluti ons . The se  a re  pr es e nt e d i n T a bl e  3, a s  we l l  a s  t he  sa v-
i ngs  r e s ul ti ng f r om t he  c ompa r i s on of  t he  s ol ut ions  wi t h t he  ba s e  c as e , c ons i der i ng no di s c ount 
r a te  a nd t he e ner ge t ic  ne eds c os t  a s  t he  one  c ur re ntl y a ppl ie d i n Port uga l . 
 
T a b le  3  - E ne r ge tic  c ha r a c te r i s tic s a nd  c o sts o f the  so lutio ns  
 
E ne r ge tic  ne e d s  
 ( kge p / m2  o f flo o r  
a r e a . ye a r )  
E ne r ge tic  
c la ss  
D if fe r e nt ia l  
sa vi n gs o ve r  a  2 0  
ye a r  p e r io d  ( € )  
D if fe r e nt ia l  
sa vi n gs o ve r  a  5 0  
ye a r  p e r io d  ( € )  
B a se  c a se  4 , 4 1 B  - -  - -  
So lutio n 1  4 , 2 0 B  2 2 2 , 50 5 5 6 , 26  
So lutio n 2  4 , 1 9 B  2 3 3 , 36 5 8 3 , 40  
So lutio n 3  4 , 0 3 B  4 0 7 , 02 1 0 1 7 ,5 5  
So lutio n 4  4 , 3 8 B  2 7 , 1 3 6 7 , 8 4  
So lutio n 5  4 , 3 8 B  2 7 , 1 3 6 7 , 8 4  
So lutio n 6  4 , 3 6 B  4 8 , 8 4 1 2 2 , 11  
So lutio n 7  4 , 3 3 B  8 1 , 4 0 2 0 3 , 51  
 
On T a bl e  4 t he  va ri a ti on of  c onst r uc ti on a nd ma i nt ena nc e  c os t s  r e s ul ti ng f r om t he  c ompa r i -
s on of  t he  s oluti ons  wit h t he  ba s e  c as e . T he  c ons tr uct ion c os ts  we r e  pr ovi de d by a  c ons tr uct ion 
c ompa ny a nd t he  ma i nt enanc e  c os ts  we r e c al c ul at e d a s  a  pe r ce nta ge  of  the  c ons t r uc ti on c ost s 
c hos e n a c cor di ng wi t h knowl e dge  of  t he  di ff er e nt  s ol ut i ons . 
 
T a b le  4  - Co nstr uc tio n a nd  M a inte na nc e  c o st va r ia tio n s  
 Construction cost 
variation (€) 
Maintenance cost 
variation over a 
20 year period (€) 
Maintenance cost 
Variation over a 
50 year period (€) 
Base case external walls   --    - -   
Solution 1 2 5 1 , 20  0 , 0 0  0 , 0 0  
Solution 2 9 2 1 , 05  2 0 7 6 ,5 5  5 1 9 1 ,3 8  
Solution 3 1 7 5 8 ,3 7  2 0 7 6 ,5 5  5 1 9 1 ,3 8  
    
Base case glazing windows   --      --     
Solution 5 8 3 , 8 0  0 , 0 0  0 , 0 0  
Solution 6 4 2 9 , 75  4 2 , 9 8  8 5 , 9 5  
Solution 7 1 7 1 , 90  4 7 2 4 ,4 4  9 4 4 8 ,8 8  
 
T he ba se  c as e  and s ol ut i on 4 ha ve  t he  s a me  c onst r uc ti on a nd ma i nte na nce  c os t s. 
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T ot al  c ost  va r i a ti on a nd di ff e re nti al  s a vi ngs  of  t he  di f fe r e nt  s oluti ons  ove r  a  20 and 50 ye ar 
pe r iod ca n be  s e e n i n Ta ble 5 e  T a bl e  6. 
 
T a b le  5  –  Co st va r ia tio n a nd  d if fe r e ntia l sa v in gs o ve r  a  2 0  ye a r  p e r iod 
 T o ta l co st va r ia tio n  o ve r  a  2 0  ye a r  p e r io d  ( € )  
D if fe r e nt ia l  s a vin g s  
o ve r  a  2 0  ye a r  p e r io d  ( € )  
B a se  c a se  e xte r na l wa lls  - -    --    
So lutio n 1  2 5 1 , 20  2 2 2 , 50  
So lutio n 2  2 9 9 7 ,6 1  2 3 3 , 36  
So lutio n 3  3 8 3 4 ,9 3  4 0 7 , 02  
   
B a se  c a se  wi nd o ws  - -  - -  
So lutio n 5  8 3 , 8 0  2 7 , 1 3  
So lutio n 6  4 7 2 , 73  4 8 , 8 4  
So lutio n 7  4 8 9 6 ,3 4  8 1 , 4 0  
 
 
T a b le  6  - Co st va r ia tio n a nd  d if fe r e ntia l sa vi n gs o ve r  a  5 0  ye a r  p e r iod 
 T o ta l co st va r ia tio n  o ve r  a  5 0  ye a r  p e r io d  ( € )  
D if fe r e nt ia l s a vin g s  
o ve r  a  5 0  ye a r  p e r io d  ( € )  
B a se  c a se  e xte r na l wa lls  - -  - -  
So lutio n 1  2 5 1 , 20 5 5 6 , 26 
So lutio n 2  6 1 1 2 ,4 4 5 8 3 , 40 
So lutio n 3  6 9 4 9 ,7 6 1 0 1 7 ,5 5 
   
B a se  c a se  wi nd o ws  - -  - -  
So lutio n 5  8 3 , 8 0 6 7 , 8 4 
So lutio n 6  5 1 5 , 70 1 2 2 , 11 
So lutio n 7  9 6 2 0 ,7 8 2 0 3 , 51 
 
 
In t hi s  s t udy de mol i t i on c ost s  wer e  c ons ide re d as  bei ng t he  sa me  f or  e ve r y s ol uti on.  
As  t he  ba s e  ca s e  a nd Sol ution 4 ha ve  t he  s a me  c ons t r uc t ion a nd ma i nt e nanc e  c os ts , onl y s a v-
i ngs  a r e  i nt r oduc e d by t hi s s ol ut i on, whic h ma ke s  s ol ut i on 4 al wa ys  be tt er  t ha n the  ba se  c as e . 
Sol uti on 1 i s a  good l ong t er m i nve s t me nt , ha vi ng a  21 ye a r  s i mpl e  pa yba c k.  
Sol uti on 5 does  not  pre s ent  good r e s ult s , ha vi ng a  62 ye a r  s i mpl e  pa yba c k. As  mos t  bui l d-
i ngs ’  e xpe ct e d l if e  rounds 50 ye a r s , i t  i s  not  a  us ef ul  s ol uti on. 
T he r e ma i ni ng s ol ut i ons  pre s e nt  e ve n wors e  re s ul ts , neve r  r e a chi ng a  si mpl e  pa yba c k. 
As  kge p c os t  is  a l wa ys  va r yi ng, t he  s ol uti ons  wer e  te st ed f or  a n e ve nt  whe r e  t hat  cos t  doubl ed 
t he  or i gi nal  one. In t ha t  c ase , s oluti on 1and 5’s  s i mpl e  pa yba c k i s  r e duc e d ha lf  t he or i gi nal  ti me , 
a nd t he  r e st  of  t he  sol ut i ons 2, 3 a nd 3 s ti ll  do not  ha ve  a ny s i mpl e  pa yba c k. T hi s  me a ns  t ha t  s o-
l uti ons  whi c h a re  not  vi abl e i n t he  pre s ent  sit uat i on, may be  i n t he  f ut ure . T he  s a me  ma y ha ppe n 
a s  c ons tr uct i ve  me t hods  a nd t he  c ompone nt s’  qua li t y impr ove .  
4.2 Li mi t a ti ons  a nd pe r spe ct i ves  
De s pit e  t he a dva nta ge s  t ha t  t he LCC me t hodology br i ngs  t o s ust a ina bl e  c onstr uc ti on, it  has 
f ound li mi t e d a ppli c at ion so f a r . T he  ma i n pr oble m i de nti fi e d wa s  t he  la c k of  r eli a bl e  i nf or ma -
t i on a nd t he  dif fi c ul t y i n for e c as ti ng ove r  a  l ong pe ri od of  ti me  f a c t or s  s uc h a s  l ife  c yc l e s , f ut ur e 
ope r at ing, ma i nt e na nce  a nd de mol i ti on (e s pe c ia ll y i f  i t  i s  se l ec ti ve )  c os t s a nd di sc ount  ra te s .  
Anot her  pr obl e m of  t he  LCC a ppr oa c h i s  va r ia bili t y of: 
• Cons tr uct i on c ost s  of  t he  sa me  c o mpone nt  ( de pe ndi ng on t he  c ompa ny t ha t  pr oduces 
i t  and the  qua nti t y ne ede d); 
• M a i nt e na nce  a nd di spos al  cos t s; 
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• Ene r ge t ic  s a vi ngs  ( de pending on s e ve r a l  a s pe ct s , s uc h a s  ha vi ng ot he r  buil dings  ne xt 
t o t he  st udi e d one  or not , a nd t he  l oca ti on of  the  dwel ling i n t he  buil ding) ; 
• Compone nt  l if e  c yc l e  a nd pe r f or ma nc e  ( de pe ndi ng on the  c ompa ny t ha t  pr oduc e s  it ) . 
If  t he  da t a  is  not  re li a bl e , the  r e s ul ts  c a nnot  be  va l i d. It  i s  c once pt  known a s  “ ga r ba ge  i n, ga r -
ba ge  out ” . 
On t he othe r ha nd, t he  LCC a pproa c h ma ke s  t he  s i mpl e  pa yba c ks  of t he  di ff er ent  sol ut i ons 
e vi de nt , s howi ng whic h s olut i ons  ar e  vi a bl e . 
It  ma y a l s o t a ke  i nt o a cc ount  i nta ngi bl e a s pe ct s  s uc h as  t he  fa ct  tha t t he  hi ghe r  t he  c omf or t of 
a n off ic e  the  hi ghe r  te nds  to be  t he  pr oduct i vit y of  t he  pe ople  wor ki ng t her e . 
5 CONCLUS IONS  
T hi s  pa pe r  pr e se nte d a  r e vie w of  t he  ma i n Lif e  Cyc l e  Cos t  ( LCC)  appr oa c he s  a nd a  pos si ble  a p-
pl ic a ti on t o a  c a se  st udy wa s  bri e fl y de s cr i be d. 
T he LCC a ppr oa c h pre s e nts  it s el f  a s  wa y t o de fi ne  l ow c os t  s ust ai na bl e  buil di ngs . T he  pr e -
s e nte d c a se  s tudy s howe d tha t  t he  de ci si on ma y be  di f f e re nt  i f  LCC a na l ysi s  i s  i nc l uded i n t he 
pr oc es s . 
Anot her  i mpor t ant  as pe ct  is t ha t  t hi s  ki nd of  a pproa c h st il l  ne e ds  f urt her  re s e ar c h to ove r c ome  
a l l it s li mi t a ti ons a nd al s o r e qui r es  a va l id c os t dat a  ba s e . It  i s  e s s enti al  to ga t he r  i nfor ma t ion 
a nd c re a te  a  s ol i d da t aba se a bout  ma i nt ena nce , pr oduc t  per f or ma nc e  ( dur a bi li t y a nd ot he r  as -
pe c ts )  a nd cos ts , s o t ha t  a na l ys i s  c an be  ma de  wi t h l es s  unc er ta i nt y  a nd mor e  pr e c i se l y a ppli ed 
a nd LCC be c ome s  a  c urr e nt me t hod i n Por t uga l  a nd ar ound t he  W or l d. 
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1 INT RODUCT ION 
Sus t a i na bl e  de ve l opme nt  i s  nowa da ys  a  ma j or  c onc e r n of  huma nki nd. As  i s  wi de l y known, t hi s  
de ve l opme nt  i s  ba s e d on t hr e e  ma i n pi l l a r s :  e c onomi c , s oc i a l  a nd e nvi r onme nt a l . Due  t o r e c e nt  
c l i ma t e  c ha nge s  ( e .g. gl oba l  wa r mi ng, pol a r  i c e  me l t i ng a nd s e a  l e ve l  r i s i ng) , gove r nme nt s , 
pol i t i c i a ns  a nd s oc i e t y i n ge ne r a l  a r e  mor e  a wa r e  of  t he  i mpor t a nc e  a nd ne c e s s i t y of  e nvi r on-
me nt a l  pr ot e c t i on. Ca r bon di oxi de  i s  one  of  t he  mos t  i mpor t a nt  gr e e nhous e  ga s e s  a nd t he i r  
e mi s s i ons  ha ve  i nc r e a s e d e xpone nt i a l l y s i nc e  pr e -i ndus t r i a l  t i me s . Inde e d, t he  bur ni ng of  f os s i l  
f ue l s  ( e .g. c oa l , na t ur a l  ga s , oi l )  r e ma i ns  t he  ma i n s our c e  of  e ne r gy i n a  wor l d whe r e  t he  de -
ma nd i s  i nc r e a s i ngl y gr owi ng. 
In a ddi t i on t o e nvi r onme nt a l  pr obl e ms , t he  bur ni ng of  f os s i l  f ue l s  i s  not  e c onomi c a l l y s us -
t a i na bl e  s i nc e  i t  i s  a  s our c e  of  non-r e ne wa bl e  e ne r gy, l e a di ng t o a  s i gni f i c a nt  i nc r e a s e  i n pr i c e s  
a s  s t oc ks  a r e  de pl e t e d, a s  ha ppe ne d r e c e nt l y i n t he  f i r s t  ha l f  of  2008. 
Ene r gy c ons umpt i on i n Eur ope a n bui l di ngs  r e pr e s e nt s  a n i mpor t a nt  s ha r e  of  t ot a l  e ne r gy 
c ons umpt i on ( a bout  36% ) , c or r e s pondi ng t o 27.5%  f or  r e s i de nt i a l  bui l di ngs  ( UNEP, 2007) . A 
s i gni f i c a nt  pa r t  of  t hi s  e ne r gy i s  us e d t o a c hi e ve  t he r ma l  c omf or t  ( he a t i ng a nd c ool i ng) , r a ngi ng 
f r om 55%  t o 74%  de pe ndi ng on t he  c l i ma t i c  r e gi on. T he r e f or e  i t  i s  e xt r e me l y i mpor t a nt  t o 
s e a r c h f or  i nnova t i ve  de s i gn s ol ut i ons  a nd opt i ma l  t he r ma l  pe r f or ma nc e  of  bui l di ngs  i n or de r  t o 
r e duc e  e ne r gy bi l l s  a nd gr e e nhous e  ga s  e mi s s i ons , ma i nt a i ni ng l e ve l s  of  t he r ma l  c omf or t  of  i n-
ha bi t a nt s . 
In t hi s  pa pe r  t he  t he r ma l  pa s s i ve  be ha vi our  a nd t he  e ne r gy pe r f or ma nc e  of  a  r e s i de nt i a l  
bui l di ng wi t h l i ght -we i ght  s t e e l  s t r uc t ur e  i s  s t udi e d. T hi s  bui l di ng wa s  de s i gne d a s  a  t ypi c a l  
s i ngl e -f a mi l y home  i n Por t uga l  us i ng a  modul a r  c onc e pt  de ve l ope d by t he  a ut hor s  dur i ng a n i n-
t e r na t i ona l  r e s e a r c h pr oj e c t  ( Af f or da bl e  hous e s )  l a unc he d i n 2009 a nd s uppor t e d by Ar c e l or -
M i t t a l . T hi s  pa pe r  i s  s t r uc t ur e d a s  i ndi c a t e d ne xt . Af t e r  t hi s  br i e f  i nt r oduc t i on, a  ge ne r a l  de -
s c r i pt i on i s  pr e s e nt e d, i nc l udi ng:  t he  bui l di ng l oc a t i on;  t he  Por t ugue s e  we a t he r ;  a nd t he  
c ons t r uc t i on c ompone nt s  of  t hi s  bui l di ng. T he n, i s  s howe d t he  c e r t i f i c a t i on r e s ul t s  f or  t hi s  
bui l di ng a c c or di ngl y wi t h t he  Por t ugue s e  c ode  of  pr a c t i c e  f or  bui l di ng t he r ma l  be ha vi our  a nd 
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ABST RACT :  Nowa da ys  s us t a i na bl e  de ve l opme nt  a nd t he  s e a r c h  f or  gr e e n a nd r e ne wa bl e  e n-
e r gy s our c e s  i s  a  ma j or  c onc e r n of  huma nki nd. Gi ve n t he  i mpor t a nt  s ha r e  of  e ne r gy c ons ump-
t i on i n bui l di ngs , i t  i s  e xt r e me l y i mpor t a nt  t o s e a r c h f or  i nnova t i ve  de s i gn s ol ut i ons  a nd opt i ma l  
t he r ma l  pe r f or ma nc e  of  bui l di ngs  i n or de r  t o r e duc e  e ne r gy bi l l s  a nd gr e e nhous e  ga s  e mi s s i ons , 
ma i nt a i ni ng l e ve l s  of  t he r ma l  c omf or t  of  oc c upa nt s . Ar c e l or M i t t a l  l a unc he d i n 2009 a n i nt e r na -
t i ona l  r e s e a r c h pr oj e c t  c a l l e d “Affordable Houses” i nvol vi ng e i ght  c ount r i e s . T he  ma i n goa l  
wa s  t o de ve l op i nnova t i ve  a nd a f f or da bl e  c onc e pt s  t ha t  a r e  c ul t ur a l l y a da pt e d t o e a c h of  t he  
pa r t ne r  c ount r i e s , us i ng l i ght  we i ght  s t e e l  c ons t r uc t i on. In t hi s  pa pe r  t he  t he r ma l  pa s s i ve  be ha v-
i our  a nd t he  e ne r gy pe r f or ma nc e  of  t he  pr opos e d Por t ugue s e  r e s i de nt i a l  bui l di ng i s  pr e s e nt e d. 
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e ne r gy pe r f or ma nc e  ( RCCT E, 2006) . Af t e r  t ha t , s ome  a dva nc e d dyna mi c  pa s s i ve  t he r ma l  be -
ha vi our  s i mul a t i ons  a r e  de s c r i be d a nd a na l ys e d. Fi na l l y, a r e  pr e s e nt e d s ome  c onc l us i ons  a bout  
t he  r e ne wa bl e  e ne r gy vi a bi l i t y s t udy pe r f or me d f or  t hi s  hous e . 
2 GENERAL DESCRIPT ION 
2.1 Building location and description 
Geographically, continental Portugal is located between latitudes 37° and 42° N and longitudes of 
9.5° and 6.5° W. The ma xi mum altitude is 2000 m. This building will be located in Coimbra city 
in central Portugal. 
T he  t ot a l  i nt e r na l  ne t  s pa c e  of  t hi s  r e s i de nt i a l  bui l di ng i s  130 m 2 . T he  gr ound f l oor  i s  c om-
pos e d by a  l i vi ng-di ni ng r oom, a  ki t c he n, one  ba t hr oom, c or r i dor / s t a i r s  a nd a n ope ne d ga r a ge . 
T he  f i r s t  f l oor  ha s  3 be dr ooms , 2 ba t hr ooms  a nd c or r i dor / s t a i r s . M or e  de t a i l s  a bout  t he  a r c hi t e c -
t ur e  of  t hi s  hous e  a r e  a va i l a bl e  i n M ur t i nho t al. ( 2009) . 
2.2 Portuguese climate 
Por t uga l  ha s  a  di ve r s e  c l i ma t e  f r om nor t h t o s out h a nd f r om e a s t  t o t he  we s t  c oa s t . T he  nor t h 
pa r t  of  t he  c ount r y ha s  a n At l a nt i c  c l i ma t e  wi t h c ol d a nd we t  wi nt e r s . T he  c e nt r a l  r e gi ons  ha ve  
a  mi xt ur e  of  At l a nt i c  a nd M e di t e r r a ne a n c l i ma t e s , wi t h mi l d wi nt e r s  a nd hot  a nd dr y s umme r s , 
pa r t i c ul a r l y i n t he  i nne r  r e gi ons . T he  s out he r n pa r t  of  t he  c ount r y ha s  a  ve r y dr y c l i ma t e  wi t h 
mi l d wi nt e r s .  
Ac c or di ng t o t he  Por t ugue s e  W e a t he r  Ins t i t ut e , t he  da i l y a ve r a ge  a i r  t e mpe r a t ur e  va r i e s  r e gu-
l a r l y ove r  t he  ye a r , r e a c hi ng t he  hi ghe s t  va l ue s  i n Augus t  a nd t he  mi ni mum va l ue s  i n J a nua r y. 
In t he  s umme r , t he  va l ue s  of  t he  a ve r a ge  ma xi mum t e mpe r a t ur e  va r y be t we e n 16°C i n t he  hi gh-
e s t  mount a i n ( i nne r  c e nt r a l -nor t he r n r e gi on)  a nd 32 – 34°C i n t he  i nne r  c e nt r a l -s out he r n pa r t  of  
t he  c ount r y. T he  va l ue s  of  t he  a ve r a ge  mi ni mum t e mpe r a t ur e , dur i ng wi nt e r , va r y be t we e n 2°C 
i n t he  i nne r  hi gh l a nds  a nd 12°C i n t he  s out h. T he  r a i nf a l l  va r i e s  f r om t he  nor t he r n pa r t  t o t he  
s out he r n pa r t  of  t he  c ount r y. On a ve r a ge , a bout  42%  of  t he  a nnua l  r a i nf a l l  oc c ur s  dur i ng t he  
wi nt e r  ( De c e mbe r -Fe br ua r y) , whi l e  t he  l owe s t  va l ue s  ha ppe n dur i ng s umme r  ( J ul y a nd Augus t )  
wi t h a  s ha r e  of  6%  of  t he  a nnua l  r a i nf a l l . 
 
 
   
a)  Ro o f- Wal l  co n n ect i o n .                   b )  E xt er n al F l o o r - Wal l  co n n ect i o n .  
1 - Levelling layer 
2 - Geotextile 
3 - OSB board 11mm 
4 - OSB board 18mm 
5 - Mineral Fibre insulation 
6 - ETICS (External Thermal Insulation 
Composite system) – Expanded polysty-
rene;  
7 - Plasterboard 13 mm 
8 - Spring Rail 25mm 
9 - Suspension 
10 - Linoleum 5mm 
11 - Separating layer 
12 - Zinc sheet 
13 - Suspended composite concrete ther-
mal tiles 600/600 mm 
14 - Sealing membrane 
15 - Vapour barrier 
16 - Aluminium "C" profile 20x20 mm 
17 - Wall Baseboard in maritime plywood 
painted in white 
18 - Steel “L” profile (50x35x5 mm.) 
Figur e  1 .  Cr o ss-se c tio n o f the  b uild ing e nve lo p e  ma in c o nstr uc tio n c o mp o ne nts ( wa lls a nd  sla b s) .  
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2.3 Construction components 
T he  bui l di ng s t r uc t ur e  i s  a  l i ght -we i ght  c ol d f or me d s t e e l  s t r uc t ur e . Fi gur e  1 e xhi bi t s  t he  c r os s -
s e c t i on of  t he  ma i n c ons t r uc t i on e nve l ope  c ompone nt s  ( wa l l s  a nd s l a bs ) , i nc l udi ng t he  c onne c -
t i on de t a i l s  be t we e n t he  e xt e r na l  wa l l s  a nd t he  s l a bs  ( t e r r a c e  r oof  a nd e xt e r na l  f l oor ) . Si nc e  t he  
c ons t r uc t i on c ompone nt s  of  t he  bui l di ng e nve l ope  a r e  c r os s e d by t he  l i ght -we i ght  s t e e l  f r a me s  
( ma t e r i a l  wi t h hi gh c onduc t i vi t y) , t he r e  i s  a  hi ghe r  t he r ma l  f l ux l e a di ng t o a n i nc r e a s e  i n t he  
t he r ma l  t r a ns mi t t a nc e  va l ue s  ( Fi gur e . 2) . In or de r  t o t a ke  i nt o a c c ount  t hi s  t he r ma l  br i dge  e f f e c t  
a nd t o e va l ua t e  i t s  i mpor t a nc e , t wo t he r ma l  t r a ns mi t t a nc e s  va l ue s  we r e  c omput e d:  one  ne gl e c t -
i ng t he  me t a l l i c  f r a me s  ( l owe r  va l ue , Fi gur e  2a )  a nd ot he r  a s s umi ng t he  t he r ma l  br i dgi ng or i gi -
na t e d by t he s e  f r a me s  ( Fi gur e  2b) . Si nc e  t he  l a t e r  va l ue s  a r e  mor e  r e a l i s t i c , t he s e  we r e  t he  one s  
us e d i n t he  t he r ma l / e ne r gy c omput a t i ons . T he  t e mpe r a t ur e  di s t r i but i on i ns i de  t he  c ons t r uc t i on 
c ompone nt s  a nd t he  br i dge d t he r ma l  t r a ns mi t t a nc e s  we r e  c omput e d us i ng t he  T HERM  s of t wa r e  
( 2003) . T he  s t r uc t ur a l  l i ght -ga uge  s t e e l  f r a me s  a r e  s pa c e d 0.60 m a pa r t . 
T he  t he r ma l  a nd opt i c a l  pr ope r t i e s  of  t he  gl a ze d ope ni ngs  pr e di c t e d f or  t hi s  bui l di ng a r e  
l i s t e d i n T a bl e  1. In or de r  t o di mi ni s h t he  s ol a r  ga i ns  a nd pr e ve nt  ove r  he a t i ng i n t he  Summe r , i t  
wi l l  be  us e d a n e xt e r i or  s ha de  r ol l  ( me di um opa que ) . 
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 a)  U =  0 . 2 1 0  W/ m 2 º C  b )  U =  0 . 2 6 9  W/ m 2 º C  
Figur e  2 .  T e mp e r a tur e  d istr ib utio n insid e  e xte r na l  
wa lls wi t h ( b )  a nd  witho ut ( a )  ste e l fr a me s.  
 
 
T a b le  1 .  T he r ma l a nd  o p tic a l p r o p e r tie s o f gla z e d  o p e nings.  
 U (W/m2.°C) Total Solar Transmission (SHGC) 
Direct Solar 
Transmission 
D o ub le  p a ne  c le a r  gla ss  
8 /1 4 /6 mm Air  ( SG G  Clima lit)  2 . 7 0 0  0 . 6 9 3  0 . 6 1 0  
Aluminium fr a me s 
( with the r ma l r up tur e )  3 . 7 0 0  ---- ---- 
3 RCCT E V ERIFICAT ION 
T he  a dopt i on of  t he  Energy Performance of Buildings Directive ( EPBD)  i n Por t uga l  l e d t o t he  
r e f or mul a t i on of  pr e vi ous  c ode s  a nd t o t he  publ i c a t i on i n 2006 of  a  ne w Code  of  Pr a c t i c e  f or  
t he  t he r ma l  be ha vi our  of  r e s i de nt i a l  a nd s ma l l  c omme r c i a l  bui l di ngs  ( RCCT E, 2006) , a nd a  
ne w Code  of  Pr a c t i c e  f or  bui l di ngs  wi t h HV AC powe r  hi ghe r  t ha n 25 kW  ( RSECE, 2006) . 
Bot h c ode s  ha ve  be e n de ve l ope d a c c or di ng t o t he  s pe c i f i c a t i ons  of  t he  Eur ope a n St a nda r d EN 
ISO 13790 ( 2008) . In t hi s  s e c t i on i s  br i e f l y de s c r i be d t he  bui l di ng t he r ma l  be ha vi our  a nd e n-
e r gy c e r t i f i c a t i on pr oc e s s  a c c or di ngl y wi t h t he  Por t ugue s e  c ode  of  pr a c t i c e , RCCT E ( 2006) . 
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T he  t he r ma l  t r a ns mi t t a nc e s  va l ue s  us e d i n t hi s  de s i gn not  onl y ve r i f y t he  ma xi mum va l ue s  a l -
l owe d by RCCT E f or  t he  c l i ma t i c  r e gi on of  Coi mbr a  ( I1) , but  a l s o ve r i f y t he  va l ue s  f or  t he  
wor s t  c a s e  s c e na r i o ( I3)  a nd t he  r e f e r e nc e  va l ue s  ( T a bl e  2) .  
T a bl e  3 s umma r i ze s  t he  Sol a r  He a t  Ga i n Coe f f i c i e nt  ( SHGC)  of  t he  gl a ze d ope ni ngs  us e d i n 
t hi s  pr oj e c t  a nd a l s o t he  ma xi mum a nd r e f e r e nc e  va l ue s  i ndi c a t e d by t he  RCCT E. T he  ma xi -
mum SHGC a l l owe d by t he  RCCT E va r i e s  wi t h t he  bui l di ng t he r ma l  i ne r t i a  ( or  ma s s ) . 
 
 
T a b le  2 : T he r ma l tr a nsmitta nc e s r e q uir e me nts ve r ific a tio n ( RCCT E ) .  
 
U  ( W /m 2 . °C)  
D e signe d  M a x.  va lue s  Re f.  va lue s  I1 I2 I3 I1 I2 I3 
Terrace roof  0 . 3 7 3  
1.25 1 . 0 0  0 . 9 0  0.50 0 . 4 5  0 . 4 0  
External floor  0 . 3 4 2  
Ground floor* 0 . 5 9 5  1.65 1 . 3 0  1 . 2 0  1.00 0 . 9 0  0 . 8 0  
External walls 0 . 2 6 9  1.80 1 . 6 0  1 . 4 5  0.70 0 . 6 0  0 . 5 0  
Glazed openings** 2 . 5 0 0  --- --- --- 4.30 3 . 3 0  3 . 3 0  
*S ep ar at i n g an  u n co n d i t i o n ed  sp ace.  
**Aver age d ay- n i gh t  val u e ( i n cl u d e t h e n o ct u r n e p r o t ect i o n  d evi ce) .  
 
 
T a b le  3 .  G la z e d  o p e nings SH G C r e q uir e me nts ve r ific a tio n ( RCCT E ) .  
  B uild in g the r ma l ine r tia  c la ss 
SHGC* 
D e signe d  M a x.  va lue s  Re f.  va lue s  V1 V2 V3 V1 V2 V3 
Low 0 . 0 6  0 . 1 5  0.15 0 . 1 0  
0 . 2 5  0.20 0 . 1 5  
M id d le  o r  H igh --- 0 . 5 6  0 . 5 6  0 . 5 0  
* V a lue s o b ta ine d  whe n the  sha d ing p r o te c tio n d e vic e  is 1 0 0 % a c tive .  
 
As  c a n be  obs e r ve d i n T a bl e  3, t he  SHGC of  t he  gl a ze d ope ni ngs  pr opos e d f or  t hi s  pr oj e c t  
( Doubl e  pa ne  c l e a r  gl a s s  8/ 14/ 6mm Ai r  [ SGG Cl i ma l i t ] , a l umi ni um f r a me s  wi t h t he r ma l  r upt ur e  
a nd a  s ha de  r ol l  [ me di um opa que ]  e xt e r na l  pr ot e c t i on de vi c e )  ve r i f y t he  r e qui r e d va l ue s  i ndi -
c a t e d i n t he  RCCT E, not  onl y f or  t he  Summe r  c l i ma t e  r e gi on of  Coi mbr a  ( V 2)  but  a l s o f or  t he  
wor s t  c a s e  s c e na r i o ( V 3)  a nd t he  r e f e r e nc e  va l ue s . 
T he  a dopt e d e qui pme nt s  f or  a i r  c ondi t i oni ng we r e  HV AC s pl i t  de vi c e s  f or  c ool i ng ( CoP3)  or  
he a t i ng ( CoP4)  pl a c e d i n t he  ma i n dwe l l i ngs  of  t he  hous e . T hi s  hous e  wi l l  ha ve  s ol a r  t he r ma l  
c ol l e c t or s  ( 4 m 2 )  i n or de r  t o pr oduc e  dome s t i c  hot  wa t e r  ( DHW ) . T he s e  s ol a r  c ol l e c t or s  wi l l  be  
s uppor t e d by a  l i qui d f ue l  boi l e r  whe n t he  wa t e r  t e mpe r a t ur e  r i s e  i s  not  e nough. 
T he  c omput e d ( Ntc )  a nd t he  ma xi mum (Nt )  t ot a l  nomi na l  a nnua l  ne e ds  of  pr i ma r y e ne r gy f or  
t hi s  bui l di ng i s  2.39 a nd 5.92 kge p/ m 2 .ye a r , r e s pe c t i ve l y. T he r e f or e , t he  r a t i o be t we e n Ntc  a nd 
Nt  i s  be l ow 50%  a nd t he  e ne r gy e f f i c i e nc y of  t hi s  bui l di ng c oul d be  l a be l l e d a s  “ Cl a s s  A” . 
4 ADV ANCED DYNAM IC T HERM AL BEHAV IOUR SIM ULAT IONS 
In t hi s  s e c t i on i s  pr e s e nt e d t he  a dva nc e d dyna mi c  t he r ma l  be ha vi our  s t udy of  t he  de s i gne d 
hous e . T he  ma i n obj e c t i ve  i s  t o c he c k t he  good t he r ma l  be ha vi our  f or  t hi s  de s i gn, e ve n i n pa s -
s i ve  c ondi t i on ( wi t hout  he a t i ng or  c ool i ng)  a nd t o s e e  i n mor e  de t a i l  t he  t e mpe r a t ur e  di s t r i bu-
t i on i ns i de  t he  ma i n dwe l l i ngs  f or  a  de s i gn a nd a  t ypi c a l  we e k i n s umme r  a nd wi nt e r . T he  a d-
va nc e d dyna mi c  t he r ma l  be ha vi our  s i mul a t i ons  we r e  pe r f or me d us i ng t he  Ene r gyPl us  
( 2008) / De s i gnBui l de r  ( 2005)  s of t wa r e . T he  we a t he r  da t a  f i l e  us e d i n t he s e  s i mul a t i ons  wa s  ob-
t a i ne d f r om IW EC ( Int e r na t i ona l  W e a t he r  f or  Ene r gy Ca l c ul a t i on)  f or  t he  c i t y of  Coi mbr a  
( PRT _COIM BRA_IW EC.e pw) . 
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Fi gur e  3 e xhi bi t s  t wo out s i de  e l e va t i on vi e ws  of  t he  De s i gnBui l de r  mode l  us e d i n t he  dy-
na mi c  s i mul a t i ons . T he  bui l di ng mode l  wa s  a s s e mbl e d us i ng ni ne  t he r ma l  zone s , c or r e s pondi ng 
t o t he  i nt e r na l  pa r t i t i ons  of  t he  bui l di ng ( Fi gur e  4) . T he  s a ni t a r y voi d on t he  ba s e me nt  wa s  
mode l l e d a s  a n unc ondi t i one d s pa c e ;  t he  gr ound f l oor  ha s  t hr e e  t he r ma l  zone s  whi l e  t he  f i r s t  
f l oor  ha s  f our  zone s . Be s i de s  t he s e  e i ght  t he r ma l  zone s , t he r e  i s  a not he r  one  t ha t  i s  c ommon t o 
t he  t wo f l oor  l e ve l s , a nd i nc l ude s  t he  c or r i dor s  a nd t he  s t a i r wa ys . 
 
 
  
a)  S o u t h er n  an d  east er n  vi ews b )  No r t h er n  an d  west er n  vi ews 
Figur e  3 .  E le va tio n vie ws o f the  b uild ing ( DesignBuilder mo d e l) .  
 
 
   
   
a)  Basemen t  b )  Gr o u n d  fl o o r  c)  F i r st  fl o o r  
Figur e  4 .  La yo ut o f the  flo o r s.  
 
 
It  wa s  a s s ume d t ha t  t he  hous e  wi l l  be  oc c upi e d by t hr e e  or  f our  pe r s ons  wi t h t ypi c a l  l umi -
na nc e  r e qui r e me nt s  a nd s t a nda r d i nt e r na l  ga i ns  wi t h t he  oc c upa nc y a nd e qui pme nt  s c he dul e  
a da pt e d f r om Bi l l  Duns t e r  Ar c hi t e c t s  ( 2005)  t o ma t c h t he  s out he r n Eur ope a n l i f e s t yl e . T he  
mi ni mum na t ur a l  ve nt i l a t i on r a t e  i s  0.6 a i r  c ha nge s  pe r  hour  ( mi ni mum va l ue  i mpos e d by t he  
RCCT E) , whi l e  t he  he a t i ng a nd c ool i ng s e t  poi nt  t e mpe r a t ur e s  a r e  20 a nd 25º C, r e s pe c t i ve l y. 
T he  a dva nc e d dyna mi c  t he r ma l  s i mul a t i ons  we r e  pe r f or me d f or  t wo di s t i nc t  c l i ma t e  c ondi -
t i ons :  Summe r  ( c ool i ng s e a s on)  a nd W i nt e r  ( he a t i ng s e a s on) . T he  t he r ma l  be ha vi our  of  t hi s  
r e s i de nt i a l  bui l di ng wa s  s i mul a t e d f or  pa s s i ve  a nd a c t i ve  c ondi t i ons , r e s pe c t i ve l y whe n t he  
Kitchen 
Corridor 
and Stairs  
Corridor 
and Stairs  
BedRoom2 
BedRoom1 
Living room  
WC WC 
WC 
Sanitary Void 
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HV AC e qui pme nt s  a r e  t ur ne d OFF a nd ON. In t hi s  pa pe r  onl y t he  pa s s i ve  t he r ma l  be ha vi our  
r e s ul t s  a r e  pr e s e nt e d f or  t he  de s i gn a nd t ypi c a l  we e ks  dur i ng Summe r  a nd W i nt e r  s e a s ons . 
T o obt a i n t he  opt i mi ze d s ol ut i on ( pr e s e nt e d he r e )  s e ve r a l  s i mul a t i ons  we r e  pe r f or me d a l l ow-
i ng a s s e s s i ng t he  i mpor t a nc e  of  s ome  pa r a me t e r s  ( e .g. na t ur a l  ve nt i l a t i on, i nt e r na l  ga i ns , ove r -
ha ngs  s ha di ng, gl a zi ng)  on t he  t he r ma l  pe r f or ma nc e  of  t hi s  bui l di ng ( not  s howe d i n t hi s  pa pe r ) . 
4.1 Summer passive thermal behaviour 
Ac c or di ngl y wi t h t he  IW EC c l i ma t e  da t a  f or  Coi mbr a  ( us e d i n t he s e  c omput a t i ons ) , t he  Sum-
me r  de s i gn we e k pr e s e nt  a n a ve r a ge  t e mpe r a t ur e  of  25.1º C, whi l e  i n t he  t ypi c a l  we e k t hi s  va l ue  
i s  a bout  5º C l owe r  ( 20.2º C) . 
In t he  c ool i ng s e a s on t he  ma i n pr obl e m r e l a t e d wi t h t he  t he r ma l  pa s s i ve  pe r f or ma nc e  t ha t  
c oul d e me r ge  i s  t he  ove r he a t i ng, pa r t i c ul a r l y i n bui l di ngs  wi t h l ow t he r ma l  i ne r t i a  ( ma s s ) . Be -
s i de s  t he  good t he r ma l  pr ope r t i e s  of  t he  bui l di ng e nve l ope  ( pr e vi ous l y de s c r i be d) , t wo pa s s i ve  
me a s ur e s  we r e  i mpl e me nt e d a nd mode l l e d i n or de r  t o ove r c ome  t hi s  pr obl e m a nd i nc r e a s e  t he  
t he r ma l  pa s s i ve  pe r f or ma nc e  of  t he  bui l di ng. T he  f i r s t  one  wa s  t o a de qua t e l y ve nt i l a t e  t he  
bui l di ng whe n t he  i ns i de  a i r  t e mpe r a t ur e  e xc e e ds  20º C ( s e t poi nt  ve nt i l a t i on t e mpe r a t ur e )  a nd 
s i mul t a ne ous l y t he  out s i de  a i r  t e mpe r a t ur e  i s  l owe r  t ha n i ns i de . A va r i a bl e  ve nt i l a t i on r a t e  wa s  
mode l l e d wi t h va l ue s  be t we e n 0.6 ( mi ni mum va l ue  de f i ne d i n RCCT E)  a nd 6.0 a i r  c ha nge s  pe r  
hour  ( ACH) . 
T he  s e c ond pa s s i ve  me a s ur e , i n or de r  t o r e duc e  t he  s ol a r  ga i ns , wa s  t he  us e  of  a n e xt e r i or  
s ha de  r ol l  ( me di um opa que )  on t he  gl a ze d ope ni ngs  of  t he  bui l di ng. T hi s  s ha di ng de vi c e  i s  onl y 
a c t i va t e d whe n t he  s ol a r  r a di a t i on be c a me  gr e a t e r  t ha n 120 W / m 2 . 
Fi gur e  5 di s pl a y t he  a ve r a ge  hour l y a i r  t e mpe r a t ur e  va r i a t i on i ns i de  t he  ma i n f our  dwe l l i ngs  
of  t he  bui l di ng a l ong t he  Summe r  de s i gn a nd t ypi c a l  we e ks . T hi s  bui l di ng e xhi bi t  a  ve r y good 
t he r ma l  pe r f or ma nc e  a l ong t he  s umme r  t ypi c a l  we e k, s i nc e  t he  i ns i de  a i r  t e mpe r a t ur e  i s  wi t hi n 
t he  c omf or t  ga p de f i ne d by RCCT E ( 20º C t o 25º C)  e ve n wi t h t he  c ool i ng e qui pme nt  t ur ne d of f  
( Fi gur e  5b) . T he  hot t e s t  dwe l l i ng i s  t he  Be dr oom2 on t he  f i r s t  f l oor  a nd e xpos e d t o Sout h. Ob-
s e r vi ng t he  t e mpe r a t ur e s  f l uc t ua t i ons  a l ong t he  Summe r  de s i gn we e k ( Fi gur e  5a ) , t he  out s i de  a i r  
t e mpe r a t ur e  i s  now muc h hi ghe r  ( 4.9º C)  a nd c ons e que nt l y t he  i ns i de  t e mpe r a t ur e  a l s o i nc r e a s e . 
Howe ve r , t hi s  i nc r e me nt  i s  l owe r  t ha n t he  out s i de  one , be i ng mor e  a c c e nt ua t e d on t he  f i r s t  f l oor  
dwe l l i ngs  ( be dr ooms ) . In t hi s  we e k t he  c ool i ng s ys t e m i s  ne e de d t o i ns ur e  t he  t he r ma l  c omf or t  
of  t he  r e s i de nt s  s i nc e  t he  t e mpe r a t ur e  i s  a bove  25º C dur i ng a bout  f i ve  da ys . 
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a)  S u mmer  d esi gn  week b )  S u mmer  t yp i cal  week 
Figur e  5 .  T e mp e r a tur e s va r ia tio n insid e  the  ma in c o mp a r tme nts a nd  o utsid e  the  b uild ing ( Summe r  p a ssive  
the r ma l c o nd itio ns) .  
4.2 Winter passive thermal behaviour 
T he  he a t i ng  s e a s on s i mul a t i ons  we r e  a l s o pe r f or me d f or  t wo di f f e r e nt  s c e na r i os :  a  de s i gn we e k 
( wor s t  c a s e )  a nd a  t ypi c a l  we e k ( mor e  f r e que nt  s c e na r i o) . For  t hi s  s e a s on t he  a ve r a ge  t e mpe r a -
t ur e s  a r e  7.0º C a nd 10.5º C, r e s pe c t i ve l y f or  t he  de s i gn a nd t ypi c a l  we e ks . Now t he  pa s s i ve  
me a s ur e s  i nt e nt  t o r e t a i n t he  he a t  i ns i de  t he  bui l di ng, r e duc i ng t he  t he r ma l  l os s e s . Si nc e  t he  out -
s i de  a i r  t e mpe r a t ur e  i s  muc h l owe r  t ha n t he  i ns i de  one , now t he  ve nt i l a t i on i s  r e duc e d t o a  mi n-
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i mum va l ue  ( 0.6 ACH) . In or de r  t o ma xi mi ze  t he  s ol a r  ga i ns  a nd mi ni mi ze  t he  he a t  l os s  t hr ough 
t he  gl a ze d ope ni ngs  a t  ni ght , t he  e xt e r i or  s ha de  r ol l  i s  onl y a c t i va t e d dur i ng t he  ni ght .  
T he  obt a i ne d a ve r a ge  hour l y r e s ul t s  f or  t he s e  t wo wi nt e r  we e ks  a r e  s howe d i n Fi gur e  6. T he  
ki t c he n ( nor t h e xpos e d)  i s  t he  c ol de s t  dwe l l i ng, e ve n c ons i de r i ng t he i r  i nt e r na l  ga i ns , wi t h a n 
a ve r a ge  a i r  t e mpe r a t ur e  of  15.1º C a nd 16.9º C dur i ng t he  de s i gn a nd t ypi c a l  we e k, r e s pe c t i ve l y. 
T he  dwe l l i ng wi t h hi ghe r  t he r ma l  a mpl i t ude s  i s  t he  l i vi ng r oom on t he  gr ound f l oor , s howi ng a n 
a ve r a ge  a i r  t e mpe r a t ur e  of  18.9º C i n bot h de s i gn a nd t ypi c a l  we e ks . T hi s  i s  due  t o t he  s ol a r  
ga i ns  t hr ough t he  s out h e xpos e d wi ndows . T he  pa s s i ve  me a s ur e s  t a ke n i n t he  W i nt e r  a r e  not  s o 
e f f i c i e nt  a s  i n t he  Summe r . T he r e f or e  t he  he a t i ng de ma nd i s  hi ghe r  i n t he  wi nt e r  t ha n t he  c ool -
i ng de ma nd i n t he  s umme r . T hi s  i s  c onf i r me d by t he  a ve r a ge  a i r  t e mpe r a t ur e s  i ns i de  t he  dwe l -
l i ngs  dur i ng t he  de s i gn a nd a l s o t he  t ypi c a l  we e k, t ha t  a r e  be l ow t he  s e t poi nt  t e mpe r a t ur e  
( 20º C) . 
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a)  Wi n t er  d esi gn  week b )  Wi n t er  t yp i cal  week 
Figur e  6 .  T e mp e r a tur e s va r ia tio n insid e  the  ma in c o mp a r tme nts a nd  o utsid e  the  b uild ing ( W inte r  p a ssive  
the r ma l c o nd itio ns) .  
5 RENEW ABLE ENERGIES V IABILIT Y ST UDY 
In t hi s  s e c t i on i s  br i e f l y pr e s e nt e d t he  vi a bi l i t y s t udy r e s ul t s  f or  us i ng r e ne wa bl e  e ne r gi e s  i nt o 
t hi s  pr oj e c t , f or  i ns t a l l a t i on of  s ol a r  t he r ma l  c ol l e c t or s , phot ovol t a i c  pa ne l s  a nd bi oma s s  boi l e r , 
i n or de r  t o r e duc e  t he  e ne r gy ne e ds  due  t o t he  us e  of  f os s i l  f ue l s . 
T he  i ns t a l l a t i on of  s ol a r  t he r ma l  c ol l e c t or s  ( 4 m 2 )  t o pr oduc e  DHW  i s  ma nda t or y a c c or di ngl y 
wi t h t he  R C CT E ( e s t i ma t e d c os t  of  2 190€, i nc l udi ng gove r nme nt  i nc e nt i ve s , a c c e s s or i e s  a nd 
t he  de vi c e s  i ns t a l l a t i on) . T he  vi a bi l i t y s t udy s hows  t ha t  t he  i ns t a l l a t i on of  a  l a r ge r  numbe r  of  
s ol a r  pa ne l s  i s  not  e c onomi c a l l y vi a bl e . T he  pa yba c k t i me  f or  t he  s ol a r  t he r ma l  c ol l e c t or s  a c -
qui s i t i on i s  a bout  ni ne  ye a r s . 
T he  i nc l us i on of  a  bi oma s s  boi l e r  i t  wa s  a l s o a na l ys e d. T hi s  de vi c e  a l l ows  t o he a t  di r e c t l y t he  
i ns i de  a i r  a nd t o he a t  wa t e r  t ha t  wi l l  be  a c c umul a t e d i n a  r e s e r voi r  a nd c i r c ul a t e d i nt o hot  wa t e r  
r a di a t or s  pl a c e d i n t he  ma i n dwe l l i ngs  of  t he  hous e  ( e s t i ma t e d c os t  of  5 000€, i nc l udi ng a c c e s -
s or i e s  a nd t he  de vi c e s  i ns t a l l a t i on) . 
It  wa s  a l s o s t udi e d t he  i nc or por a t i on of  s ome  phot ovol t a i c  pa ne l s  ( mono-c r ys t a l l i ne  t ype , 
wi t h a  pe a k powe r  of  160 W )  t o pr oduc e  e l e c t r i c a l  e ne r gy. T o a c hi e ve  t he  t ot a l  pe a k powe r  of  
3.68 kW  ( whi c h r e pr e s e nt s  t he  l i mi t  t o be ne f i t  f r om t he  s e l l i ng i nc e nt i ve  pr ogr a m t o t he  publ i c  
ne t wor k) , 23 phot ovol t a i c  pa ne l s  woul d be  ne e de d ( e s t i ma t e d c os t  of  20 000€, i nc l udi ng a c c e s -
s or i e s  a nd t he  de vi c e s  i ns t a l l a t i on) . Gi ve n a n i nt e r e s t i ng s a l e  pr i c e , t he  e xc e e di ng e ne r gy wi l l  
be  s ol d t o t he  publ i c  powe r  ne t wor k. T he  i ni t i a l  i nve s t me nt  woul d be  a mor t i ze d a f t e r  s e ve n 
ye a r s . T he  r e a s on why t hi s  opt i on wa s  not  a dopt e d i s  i n t he  hi gh i ni t i a l  i nve s t me nt . 
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6 FINAL REM ARK S 
T hi s  pa pe r  pr e s e nt s  s ome  f e a t ur e s  r e l a t e d wi t h t he  e ne r gy pe r f or ma nc e  a nd t he r ma l  be ha vi our  
of  t he  Por t ugue s e  l i ght -we i ght  s t e e l  r e s i de nt i a l  bui l di ng pr opos a l  f or  t he  “Affordable Houses” 
i nt e r na t i ona l  pr oj e c t , wi t h pa r t i c ul a r  e mpha s i s  on:  RCCT E ve r i f i c a t i on;  a dva nc e d t he r ma l  dy-
na mi c  s i mul a t i ons ;  a nd r e ne wa bl e  e ne r gi e s  vi a bi l i t y s t udy. 
As  s howe d i n t hi s  pa pe r , t he  pr opos e d l i ght -s t e e l  s i ngl e  f a mi l y hous e  i s  a bl e  t o c ompl y wi t h 
t he  bui l di ngs  e ne r gy pe r f or ma nc e  a nd t he r ma l  be ha vi our  r e gul a t i ons , pr ovi di ng hi gh l e ve l s  of  
c omf or t  t o t he  us e r s . M or e ove r , l i ght -we i ght  s t e e l  c ons t r uc t i on ha s  s ome  a dva nt a ge s  i n c om-
pa r i s on wi t h t r a di t i ona l  c ons t r uc t i on ( c onc r e t e  s t r uc t ur e  a nd br i c k wa l l s ) . Al t hough t he  hi ghe r  
t he r ma l  c onduc t i bi l i t y of  t he  s t e e l  ma t e r i a l , i t  i s  e a s y t o obt a i n bui l di ng e nve l op c ompone nt s  
( wa l l s , f l oor s  a nd r oof s )  wi t h ve r y l ow t he r ma l  t r a ns mi s s i on va l ue s , e ve n wi t h l owe r  t hi c k-
ne s s e s , s a vi ng ne t  c ons t r uc t i on a r e a s . T hi s  i s  us ua l l y a c hi e ve d us i ng t he r ma l  i ns ul a t i on ma t e r i -
a l s . T he  us e  of  a n e xt e r na l  t he r ma l  i ns ul a t i on c oa t i ng s ys t e m ( ET ICS)  a l l ow ove r c omi ng t he  
t he r ma l  br i dge s  or i gi na t e d by t he  s t e e l  f r a me s . 
Bui l di ngs  wi t h hi ghe r  i nt e r na l  ma s s  e xhi bi t s  hi ghe r  t he r ma l  i ne r t i a  l e a di ng us ua l l y t o l owe r  
t he r ma l  a mpl i t ude s  i ns i de  t he  bui l di ng. T o ove r c a me  t hi s  pot e nt i a l  dr a wba c k a nd obt a i n a  good 
t he r ma l  be ha vi our  on l i ght  we i ght  bui l di ngs  i t  i s  c r uc i a l  a t  de s i gn s t a ge  t o c or r e c t l y de f i ne  t he  
gl a ze d ope ni ngs  di me ns i on, e xpos ur e  a nd s ha di ng s t r a t e gy, i n or de r  t o c ont r ol  t he  s ol a r  ga i ns , 
pa r t i c ul a r l y a t  Summe r  s e a s on. On bui l di ngs  wi t h i nt e r mi t t e nt  oc c upa t i on, a s  ha ppe ns  i n ma ny 
of  t he  r e s i de nt i a l  bui l di ngs  dur i ng we e kda ys , t hi s  a ppa r e nt  dr a wba c k c oul d be  a n a dva nt a ge ! In 
t hi s  c a s e  whe n t he  i nha bi t a nt s  a r e  i n t he i r  wor kpl a c e s  or  i n s c hool , t he  HV AC e qui pme nt  
s houl d be  t ur ne d of f , be i ng t ur ne d on whe n t he y r e t ur n home  a t  t he  e nd of  t he  wor kda y. Gi ve n 
t he  l owe r  i nt e r na l  ma s s  of  l i ght -we i ght  s t e e l  bui l di ngs , t he  he a t i ng or  c ool i ng pr oc e s s  i s  f a s t e s t  
i n c ompa r i s on wi t h t r a di t i ona l  he a vy-we i ght  c ons t r uc t i on, i nc r e a s i ng t he  e f f i c i e nc y of  t he  
HV AC s ys t e m. 
T he  s e l e c t i on of  hi ghl y e f f i c i e nt  e qui pme nt s  a nd t he  us e  of  r e ne wa bl e  e ne r gy s our c e s  ( pa y-
ba c k t i me  of  7-9 ye a r s )  a l l ow t o s i gni f i c a nt l y r e duc e  t he  bui l di ng e ne r gy bi l l  a nd t he  gr e e n-
hous e  ga s  e mi s s i ons , ma i nt a i ni ng t he  oc c upa nt s  l e ve l  of  c omf or t  a nd i nc r e a s i ng t he  s us t a i na bi l -
i t y l e ve l  of  t he  pr opos e d bui l di ng s ol ut i on. 
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1 SCHOOL BUILDINGS 
1.1  The Italian situation 
The most of the Italian scholastic building patrimony has been built before 1974, when atten-
tions to the buildings energetic performances were quite few [Legambiente, 2008]. The panora-
ma shows us a situation in which the most of the school buildings require surface extension or 
technological and energetic refurbishments. 
While the primary and secondary school buildings seem to offer a good answer to the spaces 
requirement, the childcare facilities (nursery schools) don't have a long history in our country, 
and in some contexts they still are not enough to answer the families demand.  
Especially in the cities extending suburbs we can check an insufficient answer to the educa-
tional buildings demands for the younger children. 
In Italy the educational system provides two different kind of buildings for the children from six 
months age to five years age.  
Children from six month to three years can join nursery school, while children from three 
Light school buildings.  
A new way to look at public educational building. 
Teresa Pochettino, Valeria Marta Rocco   
Politecnico di Torino, Italy 
 
ABSTRACT. Is it necessary to accept as a rule that the energetic and constructive quality 
must be directly proportional to the building cost? Is financial availability a necessary, but not 
sufficient, condition, for the architectural quality?  
Analyzing the scholastic buildings in Piemonte (a region in northwest Italy) we would like to 
understand if constructive quality, energetic performances and construction costs are inversely 
proportional through them  or not. 
Can a limited financial availability strongly condition the construction of an efficient and 
good quality building? 
Six study cases have been analyzed by an energetic, constructive and building costs, point of 
view . 
The intent is t to compare  the buildings shell technologies and their costs, to understand 
which kind of constructive systems can be used to answer to the reduced amount of money the 
public councils can spend, without to renounce to high energetic performances. 
Which are the strongest rules that condition the building choices? 
Which kind  of materials and constructive systems have been used? Techniques and materials 
are still part of the traditional way to build? Are we looking for new solutions? Could wood pre-
fabricated buildings and low environmental impact be an alternative answer? 
Could the new approach produce a social and educational consequences? 
In many cases the use of new materials and constructive system started from the public sector 
and in only in a later period of time has been applied to the private one. The need to produce in 
a short period of time solutions able to answer to the new norms could have changed this situa-
tion. 
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years to six years would attend the “infant school”. These two kind of buildings offer, for the 
two age range, a different space organization to respond to a different educational model, even 
if, the total space surface has the same dimension in both the situation. 
The project process and the construction cost for the educational buildings is, in general, a 
public administration charge, the city councils must afford for it. 
In the last few years we could see many different public selection for the construction of new 
public infant and nursery school buildings. City Councils have been working to answer to a high 
social demand. 
In the last years Central Government and Regional grants to City Councils for educational 
buildings construction have been reduced, and a selection procedure based on energetic and en-
vironmental criteria has been introduced to select the projects to finance. 
The "classical" scholastic building,  a concrete parallelepiped structure, is not considered a 
reference model anymore. The school buildings must aim to improve the thermal interior com-
fort and at the meantime to reduce the impacts on the ecosystem during their all life cycle. 
The most general principles for a sustainable school project  need to respond to criteria as: 
- orientation of the interior unities in harmony with the climatic needs;  
- good natural light, shadow and wind exposure to respond to the summer and the winter 
conditions; 
- a light environmental building impact during the all life cycle. 
The technological choices and the most detailed architectural solutions contribute to the defi-
nition of the livability levels of the whole scholastic complex. 
The greater designer effort should be to create a contextual picture which does  not just em-
ploy the traditional and usual technologies. New strategies, processes, and solution must be in-
troduced taking strongly care of the context in which we are working. 
An innovative methodology requires to start from a comparative analysis of the changes in 
the architecture of the school buildings and those introduced in the educational conception. 
Since the first objective for  an educational building is to offer salubriousness and quality of 
the life for the new generations, it seems clear that the adoption of sustainable strategies and 
technologies is necessary to maintain high levels for these two requisites. 
Many Public Administrations assumed  sustainability as one of the main criteria according to 
which developing the territory governance and a lot of them began their run thinking, planning 
and realizing public works with particular attention to scholastic buildings able to answer to sa-
lubriousness, echo logicality and sustainability criterions. 
The scholastic buildings, through their quality, their accessibility, assume an high social val-
ue and become instruments to communicate with the citizen. 
1.2 The situation in Regione Piemonte  
An overview on Piemonte Regional buildings scholastic situation offers an homogeneous geo-
graphical and climatic analysis context. 
The regional educational building situation is similar to the national one. The most of the 
buildings (50,82%) have been constructed before 1974, with very small attention toward ener-
getic consumptions or to materials composition. 
Actually the energy consumption estimation for the school buildings in the northern Italy is 
between 120-140 kWh/m2 per year for heating, 56-83 kWh/m2 per year for artificial lighting and 
electrical uses [Filippi, 2008]. These numbers underline the need of a sustainable energetic 
management.  
In Piemonte there are 1066 “infant school” (3-5 years children). The 63,30% of them are pub-
lic property and management [IRES]. The city of Turin and its surroundings own 209 of these 
public school  buildings [Nanni, 2009]. 
Only the 17% of the school buildings have been realized or refurbished according with eco-
logical and energetic sustainability principles [Oleotto,2007]. 
The introduction of a Federal Association of the Italian Region, Protocollo ITACA,  offers a 
common instrument to measure and evaluate the environmental buildings performance from the 
project phase and the usage stage. 
In some cases Regione Piemonte did apply Protocollo ITACA, based on SB Method, to eva-
luate and select the deserving contribution projects, on the basis of energetic and environmental 
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performance characteristics.  
These attentions brought to the introduction of innovative constructive solutions. Such 
changes have also been dictated by the introduction of the new energetic national laws. 
Educational buildings projects have to respond to the acoustic, hygienic, natural lighting, di-
mension and space organization, requirements imposed by a quite old national law, the DM 18-
12-1975. From an energetic point of view the reference norms are the recent national 
(Dlgs192/2005, Dlgs 311/2006) and regional (DPR 59/2009) prescription which respond to the 
European Directive: Energy Performance of Buildings (EPBD) 2002/91/CE. 
It doesn't currently exist a norm that gives a general overview of the energetic environmental 
scholastic buildings sustainability. 
The attention to the environmental aspects is relegated to the obligation in some Public Ad-
ministration to apply special protocols, or often just to the personal designer sensibility. 
 
 
 
 
 
 
(Photos V.M. Rocco) 
Asilo nido - Via Fenoglio, 26 - Venchi Unica 
LOCATION TORINO 
ARCHITECTUTAL DESIGN Arch. Monica Semeraro 
STRUCTURAL DESIGN  
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
 
ELETTRIC and  LIGHTING 
DESIGN   
 
CONTRACTOR   
CLIENT  
GROSS BUILT AREA 778 m2 
SITE AREA 1877 m2 
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Floor radiant panels 
 
 
 
 
 
(Photos V.M. Rocco) 
Nido d’infanzia - Corso Mamiani, 1  
LOCATION TORINO 
ARCHITECTUTAL DESIGN Arch. Maurizio Testa 
M.d’Arte Piera Cervetti 
STRUCTURAL DESIGN Ing. Giuliano Gabrieli 
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
Ing. Reno Vaudano 
Ing. Giovanni Francesco Locigno 
ELETTRIC and  LIGHTING 
DESIGN   
Ing. Paolo Gallo 
CONTRACTOR   
CLIENT Torino City Council 
GROSS BUILT AREA 1020 m2  
SITE AREA 2041 m2  
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Floor radiant panels, PV panels, 
gas boiler, water rain recover. 
 
 
 
 
(Photos V.M. Rocco) 
Asilo Nido - Via Ungaretti  
LOCATION MONCALIERI (Torino) 
ARCHITECTUTAL DESIGN geom. Dario VIOLA 
STRUCTURAL DESIGN Ing. Diego Marchesini 
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
FAPA Engineering (Torino) 
ELETTRIC and  LIGHTING 
DESIGN   
FAPA Engineering (Torino) 
CONTRACTOR   
CLIENT Moncalieri City Council 
GROSS BUILT AREA 1330 m2 
SITE AREA 4910 m2 
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Floor radiant panels, gas boiler, 
solar hot water, PV panels. 
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(Photos G. Pomatto) 
Scuola materna - Via Barassino 
LOCATION TRECATE (Torino) 
ARCHITECTUTAL DESIGN Arch. Gianbattista Pomatto 
STRUCTURAL DESIGN Arch. Fabrizio Carosso  
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
Arch. Alessandro Bogetti  
Ing. Aldo Vavassori 
ELETTRIC and  LIGHTING 
DESIGN   
Per. Ind. Massimo Zenerino 
CONTRACTOR  Macrì S.n.c. 
CLIENT Trecate Public Council 
GROSS BUILT AREA 2100 m2 
SITE AREA 6000 m2 
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Gas heating system, radiant floor 
panels, solar thermal energy. 
 
 
 
(Photo G. Pomatto) 
Scuola materna 
LOCATION MAZZÈ (Torino) 
ARCHITECTUTAL DESIGN Arch. Gianbattista Pomatto 
STRUCTURAL DESIGN Arch. Gianbattista Pomatto 
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
Ing. Aldo Vavassori  
ELETTRIC and  LIGHTING 
DESIGN   
P.I. Massimo Zenerino 
CONTRACTOR  IDRO.ERRE s.p.a. Tecnologie e 
Costruzioni 
CLIENT Mazzè Public Council 
GROSS BUILT AREA  
SITE AREA  
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Radiant floor panels, Geothermal 
heat pump  
 
 
 
 
 
(Photo T. Pochettino) 
(Design Avventure Urbane) 
Scuola materna 
LOCATION VINOVO (Torino) 
ARCHITECTUTAL DESIGN Avventura Urbana (Torino) 
STRUCTURAL DESIGN  
HEATING, PLUMBING, CLI-
MATE CONTROL DESIGN 
Tecnelit S.P.A. 
ELETTRIC and  LIGHTING 
DESIGN   
Tecnelit S.P.A. 
CONTRACTOR  S.e.c.a.p. S.p.a. Totino 
Wood Building: La Foca Con-
struction S.r.l. 
CLIENT Vinovo City Council 
GROSS BUILT AREA 2550 m2 
SITE AREA m2 
HEATING AND CLIMATIZA-
TION  SYSTEMS 
Floor radiant panels, heating 
pomp, thermal geologic heating 
production 
2 STUDY CASES 
We did analyze six scholastic buildings for children from six months to five years.  
The infant and nursery schools have been designed and built between 2005 up to today. Each 
construction does respect the energetic normative levels in force in year the project has been de-
veloped. 
From 2005 up to nowadays the attention towards the energetic buildings consumptions is 
strongly increased, bringing to an integration in the shell heating insulation values limit and to 
an higher requirement of the energetic performances.  
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The six study cases are the product of a new bioclimatic design approach. 
This new point of view tries to optimize the site peculiarities, the fronts exposure, setting a 
great attention for the building opaque and transparent shell performances and to the installa-
tions efficiency which often consume energy from renewable sources.  
 
LOCATION TORINO 
Venchi Unica 
TORINI 
Cso Mariani 
MONCALIERI 
(TO) 
TRECATE 
(NO) 
MAZZE’ 
(TO) 
VINOVO 
(T0) 
DESIGN  
PERIOD 
2005 2005 2007 2005 2008 2008 
CONSTRUC-
TION PERIOD 
2007 2007 2008 2006 2009 2009 
BUILDING  
TYPOLOGY 
NURSERY NURSERY NURSERY INFANT 
SCHOOL 
INFANT 
SCHOOL 
INFANT 
SCHOOL 
GROSS AREA  
(mq) 
778 1.020 1.330 2.100 1.073  
COST (Euro) 1.049.760,62 1.460.500,00 2.123.050,00 2.500.000,00 1.840.000,00 3.040.000,00 
COST (Euro/m2) 1.470,00 1.431,00 1.600,00 1.200,00 1.200,00 1200,00 
ENVELOPE 
COST 
(Euro/mq) 
1.100,00 1.120,00 1.160,00 990,00 990,00 780,00 
WALL U-value  
(W/m2 K) 
0,66 
thick =cm 41 
0,25 
thick =cm 28 
0,30 
thick =cm 50 
0,29 
t.=cm24,3 
0,29 
thick=cm 4,4 
0,199 
COVER  
U-value   
(W/m2 K) 
0,33 
thick =cm 55 
0,38 
thick =cm 52 
(green roof) 
0,35 
thick =cm 49 
(green roof) 
0,22 
t.=cm 21,1 
 
0,22 
thick =cm 25 
0,144 
 
GROUND 
FLOOR  
(U = W/m2 K) 
0,79 
thick =cm 22 
0,40 
thick =cm 41 
0,31 
thick =cm 40 
 
0,25 
t. =cm 21,1 
0,25 
t. =cm24,3 
0,152 
MAIN 
STRUC-
TURE AND 
TECHNICAL 
SOLUTIONS 
Concrete struc-
tural frame, 
brick external 
insulated wall. 
Concrete 
structural 
frame, brick 
external in-
sulated wall. 
Concrete struc-
tural frame, brick 
external insu-
lated wall. 
Wood-concrete 
horizontal struc-
ture. 
Wood   
X-Lam pre-
fabricated 
building. Ex-
ternal insula-
tion and ven-
tilated 
façades. 
Wood   
X-Lam pre-
fabricated 
building. 
Wood plat-
form frame 
building. 
USE OF  
RECYCLED 
OR  
RECYCLABLE  
MATERIALS 
 
 Cork insula-
tion panels 
 
Wood – concrete 
block  for the 
horizontal struc-
ture isolation 
with thermal 
wood fiber and 
cellulose panels 
Chalk fiber 
walls panels, 
wood fiber 
insulation 
panels 
Chalk fiber 
walls panels, 
wood fiber 
insulation 
panels 
Chalk fiber 
walls panels 
ENERGY PER-
FORMANCE 
(EPi) 
kWh/m3 per year 
21,3 54,22  9,68 9,68 19,10 
 
How do the study cases take into account the site characteristics and orientation? 
The buildings realized in Torino and Moncalieri are collocated on completion urbanized area, 
while those in Trecate, Mazzè and Vinovo, are sited out from the city centre where it is possible 
to select the schools fronts orientation. 
The construction period brings to have different limits for acceptable energetic performances. 
The study cases have different heating transmission tolerable values. 
The two schools in Torino and the one in Moncalieri use traditional technologies with a con-
crete structure and insulated bricks shell. The other three ones adopted wood prefabricated con-
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structive systems: platform frame or tables of wood compensated panels. 
In all the cases the constructive system need to be completed with the employment of insulat-
ing material to reach the energetic performances level required for the shell. 
Besides the definition of the constructive system, this work does analyze the relationship be-
tween the obtained shell transmission values and its cost in relationship with the gross floor 
built area. 
Choosing to extrapolate only the building envelope data and the costs from the total expense 
we did not want to deny the strong relationship that does exist in a project between the technol-
ogical/architectural solution and the heating and electric installations. The aim of this analyse is 
to try to understand if the constructive system is changing to guarantee better insulation values 
where the economic reduced possibilities. 
3 WOOD BUILDINGS PREFAB RICATIOAN: QUALITY AND COST 
The request for high performances in terms of winter thermal insulation and for bewilderment 
times of the summer thermal wave brought to adopt alternative solutions for the building shell 
construction which are not so usual in our technological cultural context. 
In this regional context the buildings shell are realized  adopting a double brick wall with in-
sulating material in the middle layer. Just in few situations masonry is insulated with an “exter-
nal coat”. While this solution is becoming quite common for residential buildings it seems quite 
innovative for the public ones. 
The bricks utilized can guarantee a better thermal performance since are rich of air pores. 
The management of a traditional construction system does foresee a long term for the build-
ing phase especially if there is a concrete main structure frame. In this case bricks are used as 
external layer, without any structural function. 
Besides the adoption of the traditional construction system it is possible to find the use of 
wood prefabricated technologies, which are quite new for public buildings in our region.  
The real novelty does not concern the wooden use, but rather the technological system. 
We are talking about wood walls prefabrication using a platform frame system or compen-
sated panels tables.(glue laminated timber, panels of solid wood in crossed layers, X-Lam). 
These construction systems, unlike the “traditional ones”, are considered to have a lower en-
vironmental impact. Wood is considered to be an ecological material, since it is renewable and 
easily workable. The production of one concrete cube meter demands an energetic contribution 
nine times superior to that required for an identical volume of thick wood. The production of a 
iron cube meter requires a 431 times energetic superior contribution [Berti, 2002]. 
The platform frame system is not new conception. It was developed from the XV century 
with the America discovery. Such system was introduced  for self made buildings and has 
evolved so much that it is now possible to prefabricate all the components, even wide dimension 
walls.  
This prefabrication system warrants a total quality control and a fast construction phase. 
The X-Lam system, on the other hand, represents quite a new concept, it uses wood tables 
glued together. 
The wood panels construction, in both the systems above, offers an excellent control during 
the production phases, thanks to the prefabrication process, which has various processing steps. 
It is possible to produce structural panels as well as finished walls, including the doors and 
windows. The different prefabrication panels level will obviously bring to have a different man-
agement of the building site. The most of the panel will be completed in the factory, with the in-
terior and external details, the most the construction time phase will be reduced. 
The prefabrication system in Italy has a negative image, because of the bad results obtained 
in the past, or even because this system has usually been used to realize low cost buildings to af-
ford emergency situation. 
Thanks to wooden prefabricated systems this negative meaning is going to be over. Many ex-
amples from the German and English area show the elevated constructive and aesthetics poten-
tialities of these wooden systems. 
The advantages of this technologies are clear, especially for the assemblage step, “dried 
work”, and for the high flexibility the system offers in the interior space organization. It is im-
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portant to distinguish the prefabrication from the standardization process. 
The choice of wooden prefabricated systems offers an  answers to the demand for high ener-
getic performances without problems. Wood has higher insulating characteristics in comparison 
to the ones offered by traditional technologies. This situation allows to reduce the walls thick-
ness to obtain the same, or better, wall heat transfer coefficient (U-value).  
The use of such prefabricated panels could  bring: 
- many advantages during the construction phase as the reduction of the construction time; 
- possibility of easier dismantlement, thanks to the dried connections through the compo-
nents, and a reduction of the environmental loads 
- quality product control since from the production phase; 
- the resolution of thermal bridges with the integration between structural system and shell; 
- renewable material use (e.g. wood certification FSC, PEFC); 
Looking such advantages we are wondering how much does a wooden building cost? 
Is it possible to affirm that a wooden building does cost less than the traditional one? 
To answer to the questions above we did analyze the data of the six study cases, comparing 
the buildings constructive system, the shell cost, in relation to the floor gross surface, and the 
energetic performances. 
4 CONCLUSION 
From the analysis above it is possible to estimate that the use of wooden prefabricated panels 
allowed the realization of an high energetic performance buildings, with a lower cost compared 
to a traditional technologies application. 
The reduced financial availability and the high performance demand promoted an innovative 
and competitive technologies development 
The use of wooden prefabricated technologies means: 
- a very detailed executive integrated architectural and installation design project, since any 
change required must be studied from a structural point of view;  
- the employment of specialized highly manpower for the shell and the interior partitions 
and of the fittings assemblage, since a common traditional Italian construction firm would 
find difficult to manage this kind of building technology 
- a limited flexibility to the change of the interior distributive demands.  
Buildings dismantlement and extension is possible but must be carefully planned. 
Taking into account the wooden prefabricated buildings benefits it is necessary to understand 
the problems we have to afford during the management and maintenance phases. 
Since the wooden products present limited lasting of functionality, which kind of prevision 
can we make? 
Can Public Administration guarantee, because of the small amount of money they have got, a 
good maintenance level?  
From the informations collected it seems that wooden building functionality can be guaran-
teed for half the time (an average of 59,1 years) in comparison to the masonry building (114,0 
years), to the concrete ones (112,7 years), and to the steel ones (92,6 years) [Berti, 2002].  
It seems that the new wood technology can last 80-100 years and some builders tend to war-
rant them even for 125 years [CEI-Bois, 2006]. 
The duration concept is tightly related to the maintenance activities .  
It should necessary monitoring these buildings at the purpose to verify the maintenance con-
ditions from the time and cost point of view. 
A good maintenance activity should allow a long period of conservation. 
Since the construction of a wood prefabricated building does requires reduced time compar-
ing to a traditional ones, it could be possible to realize a school building extension using just the 
summer holidays period (three months) without any interference with the ordinary children ac-
tivities. 
A process to realize a new school in short time could be organized as follow: 
- executive project 30 days, authorizations and constructor selection 60 days, building phase 
90 days [Pepe, 2009]. 
Wooden prefabricated construction seems to represent a more sustainable approach. These 
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system seems to be able to respond to the demand of an high built environment level, through 
the use of renewable materials and the reduction of  energetic requirement. 
Often new technologies are experimented in the public buildings sector  and then they are 
adopted in the other sectors. Concerning the wood prefabricated building technologies it has 
been quite different, since these systems have been adopted by the Italian Public Administration 
much later then in the private residential sector. 
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1 T HERM AL INSULAT ING CONNECT IONS 
T he  c onne c t i ons  be t we e n t he  i nne r  a nd t he  out e r  s t r uc t ur e s  of t e n c a us e  t he  e f f e c t  of  t he r ma l  
br i dge s  i n t he  e xt e r na l  c l a ddi ng of  t he  bui l di ng. T o br e a k t he  t he r ma l  f l ow i n t he  s t e e l  s t r uc t ur e s  
i t  i s  ne c e s s a r y t o i ns e r t  a n i nt e r me di a t e  l a ye r  of  t he r ma l  i ns ul a t i ng ma t e r i a l  be t we e n t he  t wo 
bol t e d e nd-pl a t e s  or  t he  e nd-pl a t e  a nd t he  c ol umn f l a nge . T he  i ns ul a t i ng l a ye r  i s  unde r  t he  e f -
f e c t  of  t he  i nt e r na l  f or c e s  t r a ns f e r r e d by t he  j oi nt  – r ot a t i ona l  mome nt , nor ma l  f or c e  a nd s he a r  
f or c e  ( La nge  & Göpf e r t  2005) , s e e  Fi gur e  1. T he  ma t e r i a l s  whi c h ha ve  good t he r ma l  i ns ul a t i ng 
c ha r a c t e r i s t i c s  a s  we l l  a s  s uf f i c i e nt  c ompr e s s i on a nd s he a r  s t r e ngt h a r e  e i t he r  e l a s t ome r s / r ubbe r  
( Na s da l a  e t  a l . 2007)  or  t e c hni c a l  pl a s t i c s  of  t he  t hi c kne s s  f r om 5 t o 25 mm de pe ndi ng on t he  
a c t ua l  r e qui r e me nt s  of  t he  c onne c t i on. 
2 HEAT  ENGINEERING 
T he  he a t  e ngi ne e r i ng s t a nda r d i s  pr e di c t i ng t he  obl i ga t or y va l ue s  f or  t he  e ne r ge t i c a l  c os t i ngne s s  
of  t he  bui l di ngs . T o mi ni mi ze  t he  he a t  c os t s  i t  i s  ne c e s s a r y t o br e a k t he  t he r ma l  br i dge s  i n t he  
e xt e r na l  c l a ddi ng whi c h a r e  r a pi dl y i nc r e a s i ng t he  va l ue  of  t he  ove r a l l  he a t  c onduc t i vi t y. In t he  
s t e e l  s t r uc t ur e s  t he  us ua l  t he r ma l  br i dge s  a r e  c a us e d by t he  c onne c t i ons  be t we e n i nne r  a nd out e r  
s t r uc t ur e s , e .g. ba l c oni e s , l oggi a s , ga r a ge s , r oof s , c a nt i l e ve r s  e t c ., s e e  Fi gur e  2. T he  t he r ma l  i n-
s ul a t i ng c onne c t i ons  of f e r  a  good s ol ut i on f or  e ne r gy s pa r i ng a s  we l l  a s  pr e ve nt i ng t he  f ungoi d 
In teg ratio n  o f  th e n ew co mp o n en t in to  th e d es ig n  meth o d  f o r 
th ermal in s u latin g  co n n ectio n s  
Zuz ana S ul cova   
Faculty of Civil Engineering, CTU in Prague, Prague, Czech republic 
Zdenek S okol  
Faculty of Civil Engineering, CTU in Prague, Prague, Czech republic 
Frant i s ek W al d 
Faculty of Civil Engineering, CTU in Prague, Prague, Czech republic 
ABST RACT :  T he  ne w t ype  of  t he r ma l  i ns ul a t i ng c onne c t i on ha s  be e n de ve l ope d i n or de r  t o 
mi ni mi ze  t he  he a t  c os t s  of  t he  bui l di ng. T he  r e s e a r c h i s  f oc us e d on t he  s t a t i c  de s i gn of  t he  
bol t e d s t e e l  e nd-pl a t e  c onne c t i on wi t h i nt e r me di a t e  i ns ul a t i ng l a ye r  whi c h woul d br e a k t he  
t he r ma l  br i dge s  i n t he  e xt e r na l  c l a ddi ng of  t he  bui l di ng. T he  s t a t i c  de s i gn of  t he  t he r ma l  i ns ul a t -
i ng c onne c t i on i s  us i ng t he  c ompone nt  me t hod a s  i n Eur oc ode  [ EN 1993-1-8: 2005]  e xt e nde d 
wi t h a  ne w c ompone nt  ’ i ns ul a t i ng l a ye r  i n c ompr e s s i on’ . T he  ma t e r i a l s  f or  t he  i ns ul a t i ng l a ye r  
a r e  t he  t e c hni c a l  pl a s t i c s  wi t h s uf f i c i e nt  c ompr e s s i ve  a nd s he a r  s t r e ngt h. A c oupl e  of  c ompo-
ne nt  t e s t s  ha ve  be e n unde r t a ke n wi t h t he  pl a s t i c  l a ye r  Er t ha c e t a l  H i n c ompr e s s i on a nd t he  c ha -
r a c t e r i s t i c s  of  t he  ne w c ompone nt  ha ve  be e n i mpl e me nt e d i nt o t he  c ompone nt  de s i gn of  t he  
j oi nt  t o pr e di c t  t he  be ha vi our  of  t he  whol e  c onne c t i on unde r  t he  e f f e c t  of  r ot a t i ona l  mome nt  a nd 
nor ma l  f or c e . T he  c onne c t i on t e s t s  ha ve  be e n unde r t a ke n i n or de r  t o ve r i f y t he  c a l c ul a t e d va l -
ue s . Ot he r  t e s t s  wi l l  s how t he  pos s i bi l i t y of  us i ng t he  pr e -s t r e s s e d bol t s  t o t r a ns f e r  t he  s he a r  
f or c e  vi a  f r i c t i on i n t he  j oi nt  t ha t  i s  de pe ndi ng on t he  s pe c i f i c  ma t e r i a l  us e d f or  t he  i ns ul a t i ng 
l a ye r . T he  ne w s ol ut i on f or  t he  t he r ma l  i ns ul a t i ng j oi nt  s e e ms  t o be  s t a t i c a l l y f unc t i ona l , e a s y t o 
de s i gn, e ne r gy s a vi ng a nd e c onomi c a l l y e f f i c i e nt . 
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gr owt h i n c r i t i c a l  poi nt s  of  t he  bui l di ng. T hi s  i s  a not he r  s t e p f or  i mpr ovi ng s t r uc t ur a l  de t a i l s  i n 
e c ol ogi c a l l y a nd e c onomi c a l l y e f f i c i e nt  s us t a i na bl e  bui l di ng ( Šul c ová  e t  a l . 2007) . 
 
 
Figur e  1 .  T he r ma l insula ting c o nne c tio n und e r  the  e ffe c t o f the  inte r na l fo r c e s.  
 
 
 
Figur e  2 .  Cr itic a l p o ints o f the  b uild ing whe r e  the r ma l insula ting c o nne c tio ns a r e  ne c e ssa r y.  
 
Conc e r ni ng t he  s t a t i c  r e qui r e me nt s  of  t he  c onne c t i on t he  t hi c kne s s  of  t he  t he r ma l  i ns ul a t i ng 
l a ye r  c a n va r y onl y be t we e n c c a  5 a nd 25 mm whi c h i s  not  c ompa r a bl e  wi t h t he  t hi c kne s s  of  t he  
c l a ddi ng i ns ul a t i on s ys t e m. T he  t he r ma l  c onduc t i vi t y of  t he  t e c hni c a l  pl a s t i c s  a nd e l a s t ome r s  i s  
c ompa r e d t o ot he r  ma t e r i a l s  i n T a bl e  1. Howe ve r  e ve n wi t h t he s e  poor  c ha r a c t e r i s t i c s  of  t he  i n-
t e r me di a t e  l a ye r  t he  s t r uc t ur a l  de t a i l  wor ks  pr ope r l y whe n be i ng a  pa r t  of  t he  whol e  s t r uc t ur e , 
s e e  t he  3D t he r ma l  s i mul a t i on by T RISCO ( Šul c ová  e t  a l . 2008) . T he  2D s i mul a t i on by AREA 
ha s  s hown a  bi g i nf l ue nc e  of  t he  i nt e r me di a t e  i ns ul a t i on on t he  t he r ma l  f l ow i n t he  c onne c t i on, 
f or  c ompa r i s on s e e  Fi gur e  3. 
 
T a b le  1 .  T he r ma l c o nd uc tivity o f ma te r ia ls c o nc e r ne d .   
M a te r ia l  T he r ma l c o nd uc tivity [ W m - 1 K - 1 ]  
S te e l  4 6  
S ta inle ss ste e l  1 6  
T e c hnic a l p la stic s ,  e la sto me r s  0 . 2  –  0 . 3  
P o lystyr o l  0 . 0 3  –  0 . 0 5  
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 a )  te  =  0  mm 
 
 
 
 
b )  te  =  5  mm 
 
c )  te  =  1 0  mm 
 
d )  te  =  2 0  mm 
Figur e  3 .  2 D  the r mo visio n o f mo r e  o r  le ss the r ma l insulting ste e l c o nne c tio n 
( le ft-ha nd  sid e  inte r io r  str uc tur e ,  r ight-ha nd  sid e  e xte r io r  str uc tur e ) .  
3 ST AT IC M ODELING 
T he  a na l yt i c  mode l i ng me t hod i s  us e d f or  s t a t i c  de s i gn of  t he  t he r ma l  i ns ul a t i ng c onne c t i on. 
T he  c ompone nt  me t hod de s c r i be s  t he  j oi nt  a s  a  mome nt -r ot a t i on r e l a t i on. T he  ma i n c ha r a c t e r i s -
t i c s  of  t he  j oi nt  a r e  t he  ul t i ma t e  mome nt  be a r i ng c a pa c i t y, t he  i ni t i a l  s t i f f ne s s  a nd t he  r ot a t i ona l  
c a pa c i t y. Fi r s t l y t he  j oi nt  i s  di s i nt e gr a t e d i nt o s o-c a l l e d c ompone nt s  whi c h a r e  i nve s t i ga t e d s e p-
a r a t e l y. Se c ondl y t he  c ompone nt s  a r e  put  t oge t he r  wi t h r e s pe c t  t o t he i r  r e a l  pos i t i on i n t he  j oi nt  
a nd t he  c ha r a c t e r i s t i c s  of  t he  j oi nt  a r e  c a l c ul a t e d f r om t he  pa r t i a l  va l ue s . T he  c ompone nt s  of  t he  
t he r ma l  i ns ul a t i ng j oi nt  a r e  s hown on Fi gur e  4. T he  s t e e l  c ompone nt s  a r e  a l r e a dy we l l -
de s c r i be d ( Sokol  e t . a l  2002, Sokol  e t  a l . 2006) . T he  onl y ne w c ompone nt  i s  t he  't he r ma l  i ns u-
l a t i ng l a ye r  i n c ompr e s s i on'. Onc e  t he  ne w c ompone nt  i s  de s c r i be d ( wi t h a  c oupl e  of  e xpe r i -
me nt s )  t he  c ha r a c t e r i s t i c s  of  t he  whol e  j oi nt  c a n be  e a s i l y de r i ve d. 
 
 
Figur e  4 .  Co mp o ne nts o f the  the r ma l insula ting j o int.  
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4 COM PONENT  T EST S W IT H ERT HACET AL H 
A s e t  of  e xpe r i me nt s  ha d be e n unde r t a ke n wi t h a  t e c hni c a l  pl a s t i c  ma t e r i a l  Er t ha c e t a l  H ( f or  t he  
c ha r a c t e r i s t i c s  s e e  ht t p: / / www.t r i bon.c z/ ) . T he  i nf l ue nc e  of  t he  t hi c kne s s  of  t he  i ns ul a t i ng l a ye r  
wa s  t e s t e d a nd t he  va l ue s  of  f or c e -de f or ma t i on r e l a t i on, s t i f f ne s s  a nd t he  wi dt h of  t he  c ompr e s -
s i on a r e a  unde r  t he  be a m f l a nge  we r e  moni t or e d. T he  r e s ul t s  a r e  t o be  s e e n on t he  f ol l owi ng 
gr a phs . 
T he  e xpe r i me nt s  ha d be e n done  f or  t he  t hi c kne s s  of  t he  s t e e l  e nd-pl a t e  t1  of  12 mm a nd 20 
mm a nd f or  t he  t hi c kne s s  of  t he  i ns ul a t i ng l a ye r  t2  of  8 mm, 16 mm a nd 25 mm, s e e  Fi gur e  5. 
T he  Fi gur e  6 s hows  de c r e a s i ng s t i f f ne s s  of  t he  i nve s t i ga t e d c ompone nt  wi t h t he  i nc r e a s i ng 
t hi c kne s s  of  t he  c ompone nt . 
 
Figur e  5 .  Sc he me  o f c o mp o ne nt te sts.  
 
 
 
 
Figur e  6 .  Fo r c e -d e fo r ma tio n r e la tio n fo r  d iffe r e nt thic kne sse s o f the  c o mp o ne nt.  
 
4.1 Width of compression area 
T he  wi dt h of  t he  c ompr e s s i on a r e a  ha d be e n me a s ur e d us i ng t he  c opy-pa pe r , s e e  r e s ul t s  on Fi g-
ur e s  7 a nd 8. It  s hows  a  good a c c ur a c y whe n c ompa r e d wi t h t he  c a l c ul a t e d va l ue s  us i ng t he  
a na l yt i c  r e l a t i on f or  t he  e f f e c t i ve  wi dt h:  
Portugal SB10: Sustainable Building Affordable to All
340
2
25,2 21
t
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Howe ve r  i t  i s  a l s o pos s i bl e  wi t h a  good a gr e e me nt  t o us e  t he  modi f i e d r e l a t i on f or  t he  of f s e t  
wi dt h c  of   t he  c ompr e s s i on a r e a  a r ound t he  c ol umn f l a nge  known f r om de s i gn of  t he  s t e e l  c ol -
umn ba s e s :  
4 5,13
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whe r e  f e  i s  t he  e xpe r i me nt a l l y s t a t e d e l a s t i c i t y l i mi t  of  t he  i ns ul a t i ng ma t e r i a l  Er t ha c e t a l  H. 
 
 
Figur e  7 .  T he  c o mp r e ssio n a r e a  me a sur e d  using a  c o p y-p a p e r  d ur ing the  e xp e r ime nts.  
 
 
 
Figur e  8 .  W id th o f the  c o mp r e ssio n a r e a  c o mp a r e d  with the  c a lc ula te d  va lue s.  
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4.2 Component stiffness 
T he  s t i f f ne s s  of  t he  i ns ul a t i ng c ompone nt  i s  t he  l owe r  t he  t hi c ke r  t he  c ompone nt  i s , whi c h i s  
s i mi l a r  t o t he  be ha vi our  of  t he  s t e e l  pl a t e  c ompone nt  i n c ompr e s s i on a nd c a n be  de s c r i be d wi t h 
t he  f ol l owi ng r ul e  
E
E
t
A
ttfkk eeffc
2
2115 *);(==  ( 3)  
whe r e  
2 0 0
12,0);( 2
1
21
t
t
ttf ++=  ( 4)  
a nd Ee  i s  t he  e xpe r i me nt a l l y s t a t e d Young's  modul us  of  e l a s t i c i t y of  t he  i ns ul a t i ng ma t e r i a l  Er -
t ha c e t a l  H . F or  c ompa r i s on s e e  Fi gur e  9. 
 
 
Figur e  9 .  Co mp o ne nt stiffne ss c o mp a r e d  with the  ma the ma tic a l a p p r o xima tio n.  
 
  
 
Figur e  1 0 .  Limit o f c o mp o ne nt e la stic ity c o mp a r e d  to  c a lc ula te d  a p p r o xima tio n.  
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4.3 Limit of elasticity 
T he  f or c e  a t  t he  l i mi t  of  e l a s t i c i t y of  t he  i ns ul a t i ng l a ye r  i s  a l s o t he  l owe r  t he  hi ghe r  t he  t hi c k-
ne s s  of  t he  c ompone nt  i s , s e e  Fi gur e  10. It  c a n be  de s c r i be d a s  
eeffy fAttfF *);( 21=  ( 5)  
whe r e  
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21 −+=
t
t
ttf  ( 6)  
4.4 Creep 
T he  c r e e p e f f e c t  of  t he  i ns ul a t i ng l a ye r  i s  i nc r e a s i ng wi t h t he  t hi c kne s s  of  t he  l a ye r . A c oupl e  of  
l ong-t e r m t e s t s  a r e  be i ng unde r t a ke n t o me a s ur e  t he  a mount  of  c r e e p a nd i t s  i nf l ue nc e  on t he  
l os s  of  t he  s t r e s s  i n pr e -s t r e s s e d bol t s  dur i ng t he  c onne c t i on l i f e t i me .  In c a s e  of  l a r ge  c r e e p be -
ha vi our  of  t he  i ns ul a t i ng ma t e r i a l  t he  s he a r  f or c e  i n t he  c onne c t i on c a nnot  be  t r a ns f e r r e d vi a  
f r i c t i on a nd t he  c onne c t i on ne e ds  t o be  upgr a de d wi t h a  s pe c i a l  s he a r  br a c ke t . Cr e e p c oul d a l s o 
c a us e  a n e nor mous  r ot a t i on i n t he  s t r uc t ur e . 
4.5 Material tests 
A c oupl e  of  ma t e r i a l  t e s t s  ha d t o be  done  wi t h t he  i ns ul a t i ng ma t e r i a l  t o wor k out  t he  Young's  
modul us  of  e l a s t i c i t y Ee  a nd t he  e l a s t i c i t y l i mi t  fe  me nt i one d a bove  i n ( 3)  a nd ( 5) . T he  e xpe r i -
me nt a l  va l ue s  f or  Er t ha c e t a l  H ha d be e n me a s ur e d on t he  c ube s  s i ze d 30 x 30 x 25 mm a nd t he  
r e l a t i ons  me nt i one d a bove  a r e  f i t  t o t he s e  va l ue s . It  i s  obvi ous  t ha t  t he  ma t e r i a l  c ha r a c t e r i s t i c s  
me a s ur e d on di f f e r e nt  e xpe r i me nt a l  c ube s  woul d ne e d s ome  c ha nge  i n t he  a ppr oxi ma t i on r ul e s  
( 4)  a nd ( 6) . 
5 CONNECT ION T EST S W IT H T HE T HERM AL INSULAT ING J OINT  
T he  whol e  c onne c t i on t e s t s  ha ve  be e n unde r t a ke n, s e e  Fi gur e  11, t o c ompa r e  t he  r e a l  c onne c -
t i on be ha vi our  wi t h t he  c a l c ul a t e d va l ue s . T he  mome nt -r ot a t i on r e l a t i on of  t he  c onne c t i on ha s  
be e n me a s ur e d a s  we l l  a s  t he  wi dt h of  t he  c ompr e s s i on a r e a . T he  r e s ul t s  a r e  be i ng wor ke d up t o 
ve r i f y t he  c ompone nt  me t hod a s  a  de s i gn me t hod f or  t he  t he r ma l  i ns ul a t i ng c onne c t i on. 
 
 
 
Figur e  1 1 .  Sc he me  o f the  c o nne c tio n te sts.  
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6 SUM M ARY 
T he  ne w c ompone nt  'i ns ul a t i ng l a ye r  i n c ompr e s s i on' ma de  of  t he  i ns ul a t i ng pl a s t i c  ma t e r i a l  Er -
t ha c e t a l  H ha s  be e n de s c r i be d. T he  r e s ul t s  ha ve  be e n i mpl e me nt e d i n t he  de s i gn c a l c ul a t i on of  
t he  c onne c t i on us i ng t he  c ompone nt  me t hod t o de s c r i be  t he  whol e  t he r ma l  i ns ul a t i ng c onne c -
t i on. T he  c onne c t i on t e s t s  a s  we l l  a s  s ome  l ong-t e r m c r e e p t e s t s  a nd ma t e r i a l  t e s t s  a r e  be i ng un-
de r t a ke n t o c onf i r m t he  s ui t a bi l i t y of  t he  c ompone nt  me t hod f or  t he  de s i gn of  t hi s  t ype  of  c on-
ne c t i on. 
T he  goa l  of  t hi s  r e s e a r c h i s  t o i nt r oduc e  t he  ne w t ype  of  t he r ma l  i ns ul a t i ng c onne c t i on wi t h a  
c ompl e t e  de s i gn s ol ut i on whi c h s houl d be  s i mpl e , f unc t i ona l , r e a s ona bl e  pr i c e d a nd e c onomi -
c a l l y e f f i c i e nt . It  s houl d s pa r e  a  l a r ge  a mount  of  e ne r gy i n or di na r y f a mi l y hous e s  a s  we l l  a s  i n 
bi g bus i ne s s  bui l di ngs . 
7 ACK NOW LEDGEM ENT  
T hi s  pr oj e c t  i s  s uppor t e d by gr a nt  COST  C25 OC09065 Compone nt  me t hod f or  t he  c onne c t i ons  
wi t hout  t he r ma l  br i dge s . T hi s  s uppor t  i s  gr a t e f ul l y a ppr e c i a t e d. 
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C h ap ter 4  
 
Hig h  p erf o r man ce s u s tain ab le b u ild ing  s o lu tio n s 
 
1 INTRODUCTION 
There is a growing energy demand for cooling in European that does not contribute to the over-
all objective of reducing CO2 emissions. As referred, in Europe in 2020, is expected that the 
cooled floor area will be four times higher when compared with 1990 figures. However, the 
adoption of passive cooling solutions, renewable energy sources and internal heat gains reduc-
tion can contribute to minimize or even to prevent the cooling in buildings, with a substantial 
potential on the energy demand reduction, without risking the summer thermal comfort. 
The keep Cool II idea and strategy: from “cooling” to 
“sustainable summer comfort” 
S. M. L. Camelo, H. J. P. Gonçalves 
LNEG, Lisboa, Portugal 
 
C. Laia, M. Richard 
CEEETA-ECO, Lisboa, Portugal 
ABSTRACT: The European Energy Performance of Buildings Directive (EPBD) explicitly re-
fers to a “passive cooling techniques, primarily those that improve indoor climatic conditions 
and the microclimate around buildings”. However, in Europe the demand for air conditioning is 
rising, especially in office buildings and is expected that the cooled floor area will be four times 
higher in 2020 when compared with 1990 figures. About 40% of our energy use is consumed in 
buildings and air conditioning represents a significant part. 
To overcome this problem the conventional answer consists on to improve of the energy effi-
ciency of cooling. However, this strategy showed limited results in terms of saving energy and 
reducing greenhouse gas emissions. In fact, cooling can be avoided (or the need to use energy 
for cooling) or significantly reduced without risking summer thermal comfort for building oc-
cupants, having thus the potential to achieve substantial reductions in energy demand and con-
tributing to the overall objective of reduction CO2 emissions, minimizing the risk of the global 
warming and of the European climate protection commitments. 
This paper presents the conclusions of two surveys undertaken in the frame work of the Keep 
Cool II Project. One centered on evaluating current practices in cooling design, construction and 
operation, in order to obtain a feel of how widely good practices are known and used and as a 
basis for the subsequent study on incentives to remedy a set of key barriers and to reach the no-
tion of summer comfort as a service. Indeed, efficient strategies for cooling have been studied 
for at least two decades, and several campaigns have already been implemented in the EU mem-
ber states to disseminate knowledge on summer comfort efficiency since the 1990s. 
The other survey was undertaken in order to review the energy efficiency criteria, in the nation-
al building codes, concerning summer comfort or mechanical cooling system in order to elabo-
rate recommendations towards a sustainable summer comfort. This survey intended to update, in 
a regional basis, the information regarding national building regulations, identifying the meas-
ures adopted and delineating good practices concerning energy consumption, summer comfort 
and summer requirements. 
Finally, it should be stressed out the key role of the building designer towards sustainable sum-
mer comfort. Building codes requirements and design rules needs a proper use by the building 
designer. 
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Although these techniques are already studied and available, it is necessary to have a clear 
understanding about the rules and practices in building cooling design and operation in order to 
identify the good and the bad practices. This will also help on how to promote the adoption of 
those techniques and to encourage a holistic approach to energy efficiency. 
The building regulations can also have a major role in controlling and limiting the energy 
consumption of the building sector. The changes imposed by the EPBD Directive should always 
be seen as an effective instrument to achieve highly energy efficient buildings. As almost every 
new modern office or other non-residential building, due to the existence of high internal gains 
from equipment loads, has an air-conditioning system, the building regulations should require a 
calculation of the energy needs for cooling and set a high limit for allowable cooling energy (or 
including it in some kind of other global energy target) for new buildings and major renova-
tions.
This implies a new approach in building design, construction and operation phases, meaning 
that even if the financial cost is lower, hidden information, training or organizational costs may 
constitute a barrier to the fast adoption of these efficient practices. The same happens, on a more 
limited scale, at the level of cooling equipment choice, even when no radical changes in practic-
es are required. Thus, summer comfort in buildings is a prime exponent of the existence of bar-
riers to energy efficiency, which prevent or delay the adoption of the best practices in terms of 
economic rationality and social utility. 
Under the Keep Cool II Project, the participating countries were involved in of two surveys, 
one centered on evaluating current practices in cooling design, construction and operation, The 
other survey was undertaken in order to review the energy efficiency criteria, in the national 
building codes, concerning summer comfort or mechanical cooling system, in order to elaborate 
recommendations towards a sustainable summer comfort. 
2 SUSTAINABLE SUMMER COMFORT AND BARRIERS 
The Keep Cool II Project aims to provide practical tools and recommendations to overcome bar-
riers that differ phase to phase against the widespread penetration of sustainable summer com-
fort solutions. 
In the redesign phase of the building process, decisions taken by developers, investors and fi-
nancing institutions have a fundamental impact in the final result regarding the achievement (or 
not) of energy efficient solutions. As we will see when we formalize the different types of bar-
riers at work, the investment decisions are affected by a mixture of information failures and 
misplaced incentives which effectively discourage, or at least do not encourage, the pursuit of 
energy efficiency. 
For the developers, especially in office construction subsector, where most units are built for 
subsequent rent, decisions are affected by a fundamental bias to minimize the initial capital cost 
of investment per unit of net marketable floor space. Although net present value calculations are 
performed, the value of energy efficiency remains largely hidden, as operating costs tend by de-
fault to be borne by the tenants, in a typical illustration of the well-known landlord-tenant prob-
lem. 
However, a more fundamental failure intervenes at an organizational level during the design 
phase. Building design is an example of a complex process in which many different actors, with 
different knowledge and objectives are set to work to respond to a common set of goals. The 
first need is therefore for these goals to be sufficiently well stated from the beginning, which 
reinforces the necessity for energy efficiency to become a top-of-agenda priority for both devel-
opers and prospective tenants. 
The second step is to actually put in place the organizational conditions for a good collabora-
tion of the diverse players towards the common goal. Left to him, each actor intervening in the 
process (architects, electrical engineers, mechanical engineers, air quality experts, etc.) will 
have a tendency to add safety margins to avoid liabilities. The multiplication of unnecessary 
safety margins is a typical example of a chain amplification of inefficiency, which is rendered 
even more intricate when, as is often the case, critical elements of the building load are not 
known when the building is first designed. 
In addition to the complexity of the chronological organization of the design process, optimi-
zation requires to overcome another fundamental barrier to information flow, which is that each 
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specialist speaks, in many ways, a “different language”, not only in terms of his or her individu-
al objectives and incentives, but more fundamentally in terms of units (heat, power, space, 
weight, money), constraints and knowledge base. 
3 SURVEY FOR BARRIERS IDENTIFICTION AND MAIN RESULTS 
Due to time constraints, several choices had to be made, regarding the target audience, the me-
thod (simple questionnaires or deep interviews) and the geographical scope of our survey. 
As the Keep Cool II was designed to focus more on designers and practitioners of the sum-
mer comfort sector, the choice of deep interviews with key, knowledgeable professionals was 
made, with the intention of perhaps providing more nuanced views and insight into real practic-
es as opposed to what “should be”. The downside was that the final sample of interviews was 
more limited and did not permit a statistical treatment or the affirmation of quantitatively prova-
ble trends for each country. However, given the extremely subjective nature of some of the is-
sues tackled, it is not certain that a wider sample could have been a guarantee of safety in at-
tempting country-based generalizations. 
The results, in terms of quantity and quality of information gained, vary greatly among the in-
terviews, which partly depends on the availability and cooperation of the various interviewees 
to participate in rather long and detailed interviews. The professionals targeted in these inter-
views show a superior knowledge of what constitutes good practice, due to the fact that the pro-
fessionals chosen represent some of the most experiences practitioners in their field. The conse-
quence of this bias is that their own practices cannot be statistically or otherwise extrapolated to 
the whole population of their profession. 
The questionnaire in the first section was divided in three parts, covering respectively prac-
tices in (1) design, (2) installation and (3) operation of cooling solutions today, Richard et al
(2009). 
3.1 Ideal practice and actual practice
Concerning the ideal practice and actual practice, the main interest of the deep interviews is that 
they enabled to discern the subtle issue of the difference between what people know is the best 
practice and what they or other colleagues actually apply in their everyday. 
Concerning the actual versus ideal practice gap, the answers are clear: most interviewees ad-
mit that common practice is often greatly sub-optimal in the design and construction phases, and 
this is visible in the organization of the work, the role of the different participants, and the actual 
quality standards, affecting the efficiency of the final design in very basic but unfortunately po-
werful ways –often the same which Amory Lovins had identified 15 years ago, and which have 
been observed ever since. 
Regarding the organization of the design process, the inclusion of a cooling system design-
er/planner and energy experts early in the process is recognized as desirable as but unfortunately 
less than systematic. 
.
3.2 Rules of thumb 
One of the rare good news of these interviews is that the use of much-maligned rules of thumb 
to assist in the design process is not widespread within the interviewed sample. These rules of 
thumb for cooling systems, for instance, used to have a significant negative impact on efficien-
cy, due to their antiquated nature (in a universe of fast-improving technology) or gross approx-
imations amounting to excessive safety margins. It seems that commercial or academic software 
is now the essential tool used in calculations except for “smaller” projects, all professionals 
might not take the time to use these software tools). 
Some effort may still be done to turn these tools more user-friendly and disseminated, but in-
centives are needed, be they in the form of pressure from the building owners or fee-based in-
centives, to push more professionals into performing up-to-date calculations. 
Similarly, more incentives are needed to bring design professionals to systematically base 
calculations of cooling loads on the heat gains released by the actual equipment installed in the 
office, instead of data taken from reference tables and encouraged them to have a pro-active atti-
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tude aiming for the selection of energy-efficient solutions and equipment all through the 
process. 
There is a large range of different perceptions for what would be the most appropriate way to 
reward HVAC professionals for a sustainable summer comfort design (see figure 1). However, 
it is possible to distinguish that among the interviewees, there is most common preference for 
the reward to be linked to energy savings obtained through “good design”. 
Different fee structure; 1
Education & awareness; 1
Performance contract; 2
Linked to energy savings; 
5
Incentives; 1
Other; 2
Bestpossiblewaystorewardprofessionalsbyperforming
avery“gooddesign"
Figure 1. Perception of HVAC planners regarding best possible ways to reward “good design” 
3.3 Operation
The operating managers of the buildings are a key group to target in future training and infor-
mation actions, as their impact, for best or worse, may be of a higher order of magnitude than 
the simple installation of more or less efficient equipment (in buildings which do have active 
cooling systems). 
Building codes and regulations refer to thermal comfort for the calculation of thermal cooling 
loads or cooling energy needs, but (perhaps understandably) do not set legally binding limits for 
the operation of the building, which may then well be outside the thermal comfort zone. Adap-
tive comfort criteria, in particular, shall be systematically promoted to this professional group in 
order to maximize the buildings’ hybrid operation. 
3.4 Information on regulations
Regulations, in the form of revised building codes, have recently come into force resulting from 
the transposition of the EPB Directive. They constitute one of the most powerful instruments to 
overcome deeply ingrained barriers amounting to bad practice, by effectively outlawing the 
worst practices and establishing guidelines for construction and renovation. 
However, according to the interviewers opinion most of the new building codes are quite 
complex, and involve important costs in terms of time and effort in order to be fully assimilated. 
As a result, HVAC professionals are not totally familiar with new dispositions, which are visible 
in imprecise answers during the interviews, for example on cooling load limits. 
The knowledge of the existing regulations is fundamental, and there is scope for improve-
ment here. A review of the national building codes concerning envelope constructive solutions 
(opaque and transparent), thermal mass, ventilation rates, energy consumption methodology and 
correspondent values limits has been undertaken for the participating countries of the KeepCool 
II Project and the main results are presented. 
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4 SURVEY OF THE ENERGY EFFICIENCY CRITERIA AND NATIONAL BUILDING 
CODES 
The building regulations have a major role in controlling and limiting the energy consumption 
of the building sector. The goal of this analysis consists on put in evidence the different strate-
gies adopted and try to share and to supply information and experiences in so far as, the energy 
demand for cooling in Europe, Gonçalves et al (2009).
The evaluation of the questionnaires reveals that the new building regulations were already 
adopted in all member states, following the Energy Performance Building Directive (EPBD), for 
new and existing residential and non-residential buildings, differing only on the starting date. 
The verification of the regulation requirements is usually before and after construction, in 
France only after construction, prior to sale, rental and/or use, while in Italy only at the planning 
stage. The role and the entities involved are quite similar: architects and engineers the energy 
calculations and the technical responsibility, builders the quality of construction works, insula-
tion, installations, respecting materials and specifications of design engineers. Among the good 
practices, one should stress the need for verification after construction, especially in countries 
that only recently adopted building thermal and energy regulations, and underline that an entity 
responsible for the archiving for future statistical analyses. 
4.1 Energy consumption
The prediction of the energy needs for cooling has already been calculated, in six of the eight 
countries of the Keep Cool II Project, based on the EN ISO 13790 standard (Ep<Epmax) and 
even, for Slovenia, when the energy use calculation for cooling can be done by a simplified me-
thod, the EN ISO 13790 can also be used as an option. Each country adopted one of the alterna-
tives for the calculation of the cooling needs: monthly or seasonal method or a yearly hourly 
simulation procedure, with single zone or multizone options, based on simplified RC models for 
the building. 
The survey was extended to other countries in order to a have a clearer perception of the state 
of the art around Europe. There are some countries in which summer and cooling needs are not 
a priority like Romania and Bulgaria while others like Norway, although having cold climate 
conditions are quite concerned with cooling needs inside offices and services and the standard 
for the energy demand calculation in buildings includes energy for cooling. 
4.2 Recommendations and requirements
Mandatory U-Values – walls and roofs: 
Among all countries of the Keep Cool II Project only Portugal manifests that cooling and 
heating seasons are both relevant the others the Winter. 
The partners have already implemented requirements, differing and reflecting the building 
tradition and techniques. In all countries there exist requirements on the U-values and on the 
thermal mass of the building envelope. Six countries reported requirements concerning the U-
values on both envelope elements. In Figure 2 are presented the wall and roof U-values re-
quirements for some European countries 
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Figure 2. U-values requirements 
Concerning the envelope quality each country should analyze if it is necessary to impose 
more restrictive requirements in terms of U-values of the opaque envelope elements. For in-
stance, in its following revision, Portugal intends to adopt more restrictive U-values. 
Requirements on windows, shading and strategies for solar heat dissipation and prevention: 
Mandatory measures of shading devices in glazing façades are referred only by Portugal and 
Slovenia in an explicit manner (excluding only the north oriented windows).  
For the solar heat prevention, the countries that don’t have any requirements until now in 
their Building Regulations pointed out that they should implement measures such as: shading 
devices, glazing area and total area of the façade, glazing area per orientation. 
For new buildings the glazing area per façade and orientation is recommendable in particular 
in combination with shading and that relationship should be included in the calculation metho-
dology. Concerning the glazing areas the use of shading, for new buildings should be external 
and movable and take in account the external obstructions, and minimum requirements should 
also be implemented based on the g-values combined with glazing area. So, at least for new 
buildings it should be recommendable to implement shading factors for shading systems in con-
nection with glazing area/orientation.
The limitation of a totally glazed transparent envelope as a solar heat prevention strategy 
should be established, for the different countries, based on extensive simulation studies to avoid 
an increase of the heating energy demands and the penalization of day lighting strategies. 
Concerning heat dissipation strategies, for all types of buildings natural ventilation is always 
mentioned as a measure to be adopted and, whenever natural ventilation is not sufficient, then 
the integration of a mechanical ventilation system is recommended. Concerning dissipation 
strategies the only countries that do not refer to any strategy are Slovenia and Sweden. Other 
countries mention the natural ventilation (night ventilation) and France the earth as cooling 
source while Germany expressly manifested that is not taken in account. 
Regarding the use of passive systems it is necessary to investigate what strategy or strategies 
should be included in the building regulation according the climate conditions, such as: diurnal 
thermal amplitudes to evaluate the night ventilation potential cooling;  solar radiation intensity 
to adequate glazing areas and orientation as well as shading strategies without penalizing the 
natural light and the heating season; use of passive systems, namely the earth, as a cooling 
source should be investigated and the use of air conditioning systems should be avoided. 
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Natural ventilation for the new buildings must be always adopted and, if not possible, hybrid 
solutions should be recommended before opting for mechanical or AC systems but to ensure 
night ventilation safety demands against storms and burglary are also necessary. 
From the answers it is clear that those aspects should be introduced in the building regula-
tions.
4.3 Summer comfort 
The survey pointed out an enormous consensus for summer comfort to be explicitly introduced 
in the building regulations for all type of buildings and also that summer comfort calculations 
should be required. Checking the indoor temperatures and standards should also be explicitly in-
troduced. From the answers, the following comfort calculations can be followed by other coun-
tries. 
Summer comfort should be introduced in the building regulation for all types of buildings 
adopting or standards should be explicitly introduced in the building regulation. The EN 15251 
– “Indoor environmental input parameters for design and assessment of energy performance of 
buildings addressing indoor air quality, thermal environment, lighting and acoustics”, the adap-
tive thermal comfort model should be used for building design to prevent overheating, using so-
lar shading or decreasing window size, increasing thermal capacity of the building or adopting 
operable windows to promote cross ventilation. 
5 FINAL REMARKS 
Building regulations should require the adoption of at least the most sensible passive cooling 
techniques, namely gain avoidance measures such as efficient shading, day lighting optimiza-
tion, free-cooling whenever possible, etc. Efficient lighting systems should become a major 
priority.
The adaptation of passive systems must be checked and if realizable, the employment of me-
chanical cooling systems should always be avoided and only used if it is demonstrated that the 
passive solar measures (solar heat attenuation and heat dissipation) and the passive cooling sys-
tems (ground tubes, natural ventilation devices, etc...) do not guarantee pleasant thermal internal 
comfort conditions.  
Each country should be encouraged to apply mandatory passive requirements for summer but 
not in a uniform way all over Europe. The requirements on the elements on the building design 
should be integrated in the building construction according to the climate conditions of each re-
gion. In colder areas the mechanical cooling equipments should always be replaced by good de-
sign requirements based on architectural solutions. To reduce the cooling consumption further 
measures can also be adopted selecting efficient electric lighting and equipment and in this way 
reducing the internal gains. At least for the new buildings cooling energy and summer comfort 
calculations should be included as well as maximum legal values for primary energy for cool-
ing.
In particular, the energy certification of buildings, generalized in the EU by the EPB Direc-
tive, is one of the most powerful axes of action, not only by obliging all actors (developers, fin-
anciers, but also commercial appraisers, and of course users) to acknowledge energy efficiency 
as an objective, but also by constituting a “visible” basis for the internalization of the efficiency 
value of buildings in their commercial value, i.e. for example in the rents owners will be in a 
position to demand. 
A note is necessary on the issue of renovation, which constitutes a key window of opportuni-
ty to increase the efficiency of summer comfort solutions, and which arguably represents a more 
important target (in terms of sheer market size) than new construction. Practices in renovation 
are not necessarily similar to those in new construction, if only because the scope of possible 
options is more reduced, especially for passive summer comfort. 
As it is, this specific question deserves to be investigated in more detail in the near future: ef-
ficiently refurbishing the existing built residential and office environment is indeed the major 
and most urgent challenge in stationary (non-transport) energy efficiency policy. It takes partic-
ular relevance in relation to cooling, as owners and users of buildings often still choose solu-
tions, when renovating, concentrating excessively on winter comfort, leading to excess cooling 
needs and insufficient attention to efficient summer comfort solutions. 
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Informative campaigns on passive cooling, for households and for building managers and us-
ers, should be undertaken in order to prevent overheating and to reduce mechanical cooling de-
vices.  
The adoption and use of passive systems must always be checked out and their contribution 
should be incorporated in the building regulation in order to achieve sustainable summer com-
fort. On the other end, the national building regulations should also have more exigent limit val-
ues of the cooling energy demands. 
The increase of the use of air conditioning systems in Europe leads to considerable problems 
at peak load times, increasing the cost of electricity and disrupting the energy balance in the Eu-
ropean countries. According to the recommendations of the European Parliament “priority 
should be given to strategies which enhance the thermal performance of buildings during the 
summer period. To that end, there should be further development of passive cooling techniques, 
primarily those that improve indoor climatic conditions and the micro-climate around build-
ings”.
The general conclusion of this limited survey, beyond the obvious need for ever wider infor-
mation (and particularly knowledge of existing regulations), is that the main failures are organi-
zational and motivation-based: actors may know how to maximize efficiency, but time and 
complexity constraints end up in sub-optimal practices a significant part of the time 
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 1 INT RODUÇÃO 
A pa r t i r  da  s e gunda  me t a de  do s é c ul o X X  a  c ons t r uç ã o s of r e u uma  r ot ur a  c om o c onj unt o de  
va l or e s  nos  qua i s  s e  t i nha  a l i c e r ç a do. Pa s s a mos  de  s ol uç õe s  r e gi ona i s , c ondi c i ona da s  pe l a  ge o-
gr a f i a , c l i ma s  e  ma t e r i a i s  l oc a i s , pa r a  e di f í c i os  ma i s  c ompl e xos , c omo c ons e quê nc i a  do a ume n-
t o de  e xi gê nc i a s  à s  qua i s  o e di f i c a do t e ve  e  t e m que  da r  r e s pos t a . Es t e  pr oc e s s o e vol ut i vo de u-
s e  s e m uma  ve r da de i r a  c ons c i ê nc i a  dos  i mpa c t e s  de s t a  a c t i vi da de  i ndus t r i a l i za da  no pl a ne t a  e  
na  vi da  da s  popul a ç õe s  ( Dua r t e , 2009;  Sous a , 2009) . 
O s e c t or  da  c ons t r uç ã o é  hoj e  e m di a  um dos  pr i nc i pa i s  c ons umi dor e s  de  ma t é r i a s -pr i ma s , 
pr oduzi ndo r e s í duos  e  e di f í c i os  que  s ã o gr a nde s  c ons umi dor e s  de  e ne r gi a , c ont r i bui ndo pa r a  o 
de s e qui l í br i o e nt r e  o c ons umo e  a  c a pa c i da de  r e ge ne r a t i va  do pl a ne t a  ( He gge r  e t  a l , 2008) . Pa -
r e c e  a s s i m i ndi s pe ns á ve l  que  o s e c t or  a dopt e  uma  nova  a t i t ude  ( Fi g. 1) . 
A e s t a  nova  pe r s pe c t i va  pode  da r -s e  o nome  de  c ons t r uç ã o s us t e nt á ve l , c onc e i t o e s t e  que  vi s a  
a gr e ga r  t odo um c onj unt o de  va l or e s  e  a t i t ude s  c om o i nt ui t o de  t or na r  o s e c t or  me nos  a gr e s s i vo 
pa r a  o a mbi e nt e , t a nt o a o ní ve l  de  c ons umo i nc ons e que nt e  de  r e c ur s os , c omo da s  e mi s s õe s  de  
pol ue nt e s  ( Pi nhe i r o, 2006) . Pode -s e  de s t a  f or ma  me l hor a r  a  qua l i da de  de  vi da  dos  ut e nt e s  e  do 
e s pa ç o onde  a s  c ons t r uç õe s  s e  i ns e r e m. 
A i nc or por a ç ã o de s t a s  pr e oc upa ç õe s  no s e c t or  e qui va l e  a  i nt r oduzi r  um ol ha r  de  s us t e nt a bi l i -
da de  na  a c t i vi da de , c ompl e me nt a ndo-s e  a s s i m o t r i â ngul o t r a di c i ona l  do s e c t or  - c us t os , qua l i -
da de , t e mpo ( Fi g.2)  ( Pi nhe i r o, 2006;  Dua r t e , 2009) . 
 
Ex ig ên cias  d e S u s ten tab ilid ad e d o s  Materiais  d e C o n s tru ção  n a 
Do cu men tação  Técn ica d e Ob ras  
Bruno Duart e 
Mestre Integrado em Eng. Civil - SOPSEC S.A., Porto, Portugal 
Hi pól i t o de S ous a 
FEUP- Gequaltec, Porto, Portugal 
 
ABST RACT :  A i ndús t r i a  da  c ons t r uç ã o  t e m um i mpa c t o i ne gá ve l  a os  ní ve i s  e c onómi c o, s oc i a l  
e  a mbi e nt a l , pr e c i s a ndo de  i nc or por a r  e  a s s i mi l a r  me l hor  a s  pr e oc upa ç õe s  de  s us t e nt a bi l i da de . 
Exi s t e m j á  di ve r s a s  f e r r a me nt a s  e  mé t odos  de  a va l i a ç ã o da  s us t e nt a bi l i da de  do e di f i c a do, ma s  a  
obj e c t i va ç ã o t é c ni c a  da  i nf or ma ç ã o pr oc e s s a da  c ons t i t ui  um gr a nde  de s a f i o. O qua dr o nor ma t i -
vo i nt e r na c i ona l  ( ISO/ CEN)  pr oc ur a  c ont r i bui r  pa r a  a  e s t a bi l i za ç ã o de  me t odol ogi a s  e  ba s e s  de  
da dos , e s t a ndo di ve r s a s  nor ma s  e m di s c us s ã o e  de s e nvol vi me nt o. Ne s t a  c omuni c a ç ã o mos t r a -
s e , a  pa r t i r  do pa nor a ma  nor ma t i vo, c omo a  i nf or ma ç ã o da s  f i c ha s  a mbi e nt a i s  dos  ma t e r i a i s  
( EPD do t i po III)  pode r á  s e r  ut i l i za da  pa r a  a f e r i r  o i mpa c t o a mbi e nt a l  de  um e mpr e e ndi me nt o. 
Di s c ut e -s e  o modo c omo pr oj e c t i s t a s  e  e mpr e i t e i r os  pode r ã o r e c or r e r  à s  me s ma s  e m pr oj e c t o e  
obr a . Pr opõe -s e  que  a s  pr e oc upa ç õe s  de  s us t e nt a bi l i da de  a mbi e nt a l  s e j a m e vi de nc i a da s  numa  
me mór i a  de s c r i t i va  de  s us t e nt a bi l i da de  a s s oc i a da  a os  pr oj e c t os  e  c a de r nos  de  e nc a r gos , c om 
ê nf a s e  n o de s e mpe nho e  i mpa c t e  d o  c i c l o de  vi da  dos  ma t e r i a i s  ut i l i za dos .  
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Figur a  1 .  M ud a nç a  d e  a titud e  e  p r o c ur a  d e  e q uilíb r io  ( D ua r te ,  2 0 0 9 ) .  
 
 
 
 
Figur a  2 .  Re p r e se nta ç ã o  d o  no vo  p a r a d igma  d e  c o nstr uç ã o  suste ntá ve l ( D ua r te ,  2 0 0 9 ) .  
 
2 EDIFÍCIOS:  ENERGIA, M AT ERIAIS E COM PONENT ES 
Ape s a r  de  s e r e m um be m a bunda nt e , os  e di f í c i os  s ã o a c t i vos  i mpor t a nt e s  e  gr a nde s  c ons umi do-
r e s  de  r e c ur s os , s e ndo da  r e s pons a bi l i da de  de  que m os  pr oj e c t a , c ons t r ói , us a  e  ma nt é m a s s e gu-
r a r  a s  s ua s  f unç õe s  pr i mor di a i s  a o l ongo do t e mpo, c omo a  ut i l i da de , a  s e gur a nç a , e s t r ut ur a l  e  
no us o, o c onf or t o, a  dur a bi l i da de  e  t a mbé m a  s ua  e f i c i ê nc i a  e ne r gé t i c a  ( He gge r  e t  a l , 2008) .  
Em cada fase da sua vida os edifícios consomem energia e outros recursos, desde o proj ecto e 
construção, passando pela operação, até à sua demolição final. Em cada uma dessas fases 
consomem-se diferentes quantidades de energia e emitem-se diferentes quantidades de poluentes. 
No seu período de vida um edifício é também suj eito a manutenção, remodelações, ampliações e é 
finalmente demolido, sendo o uso/consumo de energia durante as diferentes fases 
significativamente influenciado pelo modo como o edifício foi concebido, construído, e usado 
(Ding, 2004). 
Uma  a ná l i s e  e ne r gé t i c a  a o l ongo do c i c l o de  vi da  de  um e di f í c i o e nvol ve  um e s t udo da s  
ne c e s s i da de s  e ne r gé t i c a s  do me s mo, a s s i m c omo do r e s pe c t i vo i mpa c t e  a mbi e nt a l . A a ná l i s e  i n-
c l ui  t a nt o a  e ne r gi a  r e que r i da  pa r a  a  s ua  c ons t r uç ã o, c omo a  e ne r gi a  ut i l i za da  dur a nt e  a  oc u-
pa ç ã o, ma nut e nç ã o, r e nova ç ã o e  e ve nt ua l  de mol i ç ã o ( Gr a ha m, 2003;  Di ng, 2004) . Pode m di s -
t i ngui r -s e  dua s  c a t e gor i a s  pr i nc i pa i s  do us o de  e ne r gi a  num e di f í c i o ( Fi g. 3) . 
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 Figur a  3 .  Ca te go r ia s d o  uso  d a  e ne r gia  na s c o nstr uç õ e s.  Ad a p ta d o  d e  ( D ing,  2 0 0 4 ) .  
 
A e ne r gi a  i nc or por a da  e ngl oba  a  e ne r gi a  pr e s e nt e  na  pr oduç ã o de  ma t e r i a i s , ut i l i za da  na  
c ons t r uç ã o, a  e ne r gi a  que  a dvé m da  s ubs t i t ui ç ã o de  ma t e r i a i s  e  da s  i nt e r ve nç õe s  s ubs e que nt e s , 
e  f i na l me nt e  a  pa r c e l a  r e s pe i t a nt e  a o f i m de  vi da  ( Di ng, 2004;  He gge r  e t  a l , 2008) . 
O us o ope r a c i ona l  da  e ne r gi a  t e m i ní c i o a qua ndo do pr i nc í pi o da  ut i l i za ç ã o, c ont i nua ndo a t é  
que  o e di f í c i o a t i nj a  o s e u f i m de  vi da .  
A pa r c e l a  de  e ne r gi a  i nc or por a da  t e r á  t e ndê nc i a  a  ga nha r  t e r r e no, à  me di da  que  os  e di f í c i os  
s e  t or na m e ne r ge t i c a me nt e  ma i s  e f i c i e nt e s . 
 
Ant e s  de  a bor da r  a s  que s t õe s  ma i s  e s pe c í f i c a s  da  s us t e nt a bi l i da de  dos  ma t e r i a i s  de  c on-
s t r uç ã o, é  i mpor t a nt e  e nt e nde r  a s  s ua s  f unç õe s  no e di f i c a do ( Fi g. 4) , poi s  s ó de s t e  modo é  
pos s í ve l  t oma r  de  f or ma  c ons c i e nt e  a s  de c i s õe s  ne c e s s á r i a s  à  s ua  e s c ol ha , da do que  os  ma t e r i a i s  
t ê m que  da r  r e s pos t a  a  uma  s é r i e  de  r e qui s i t os  ma i s  ou me nos  obj e c t i vos . 
 
 
 
Figur a  4 .  Asp e c to s r e la tivo s à  se le c ç ã o  d e  ma te r ia is.  Ad a p ta d o  d e  ( H e gge r  e t a l,  2 0 0 8 ) .  
 
 
Pa r a  uma  a ná l i s e  de  s us t e nt a bi l i da de  do e di f i c a do, é  i ndi s pe ns á ve l  t e r  pr e s e nt e  o s e u c i c l o de  
vi da , e  t a mbé m a s  pa r c e l a s  que  o c ons t i t ue m – os  ma t e r i a i s  e  c ompone nt e s  ( Fi gs . 5, 6) . 
Os  ma t e r i a i s  s ã o mui t a s  ve ze s  c ompos t os  por  di f e r e nt e s  t i pos  de  ma t é r i a s -pr i ma s , r e pa r t i ndo-
s e  por  e s s a s  ma t é r i a s -pr i ma s  os  s e us  i mpa c t e s  a  ní ve l  de  input  e ne r gé t i c o, de  de s e mpe nho, de  
c ons umo de  r e c ur s os  ma t e r i a i s  e  de  e mi s s õe s  de  pol ue nt e s  ( Gr a ha m, 2003) . 
 
 
 
Figur a  5 .  D e se nvo lvime nto  d a  a ná lise  d e  c ic lo  d e  vid a  d a s c o nstr uç õ e s ( G r a ha m,  2 0 0 3 ; D ua r te ,  2 0 0 9 ) .  
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Figur a  6 .  Fa se s d o  c ic lo  d e  vid a  d o s ma te r ia is/c o mp o ne nte s.  Ad a p ta d o  d e  ( B r a ga nç a  & M a te us,  2 0 0 6 ) .  
 
 
A me t odol ogi a  de  a ná l i s e  de  c i c l o de  vi da  ( ACV )  e s t á  pr e c oni za da  na  s é r i e  de  nor ma s  ISO 
14000 e  é  uma  f e r r a me nt a  us a da  na  a va l i a ç ã o do i mpa c t o a mbi e nt a l  a o l ongo da  vi da  de  um 
pr odut o, pr oc e s s o ou a c t i vi da de , c om o obj e c t i vo de  pe r mi t i r  a  s e l e c ç ã o de  ma t e r i a i s  t e ndo e m 
c ont a  o s e u pe r f i l  a mbi e nt a l . Es t a  c ons i de r a  t odo o c i c l o de  vi da  de  um pr odut o ( Gr a ha m, 2003;  
Di ng, 2004;  ISO 14041, 1998) . 
3 AS ET IQUET AS/ RÓT ULOS AM BIENT AIS DOS M AT ERIAIS DE CONST RUÇÃO 
As  de c l a r a ç õe s  a mbi e nt a i s  de  pr odut o ( EPD - Envi r onme nt a l  Pr oduc t  De c l a r a t i on)  s ã o e t i que t a s  
que  vi s a m c omuni c a r  a o c ons umi dor  a  c a r ga  a mbi e nt a l  de  um pr odut o, s e gundo c a t e gor i a s  pr é -
de f i ni da s  de  pa r â me t r os  ba s e a da s  num e s t udo ACV , pode ndo a s  f i c ha s  i nc l ui r  out r a  i nf or ma ç ã o 
a di c i ona l , s e ndo uma  f e r r a me nt a  e s t a nda r di za da  de  c omuni c a ç ã o vol unt á r i a  ( Le e  & Pa r k, 2001;  
ISO 21930, 2007) . 
As  de c l a r a ç õe s  a mbi e nt a i s  do t i po III s ã o a s  de f i ni da s  c omo a s  a pl i c á ve i s  a os  pr odut os  da  
c ons t r uç ã o ( ISO 14025, 1998)  (Fig. 7), s e ndo que  os  r e qui s i t os  pa r a  t odos  os  pr odut os  de  c ons -
t r uç ã o s ã o e s pe c i f i c a dos  e m c onc or dâ nc i a  c om a s  nor ma s  i nt e r na c i ona i s  ISO 21930 e  ISO 
14025 ( CEN/ T C 350/ W G3 N 79, 2007) . 
 
 
Q ua d r o  1  - T ip o s d e  e tiq ue ta s,  no r ma s I SO  a p lic á ve is e  se gme nto s d e  me r c a d o  a lvo .  Ad a p ta d o  d e  ( Le e  & 
P a r k,  2 0 0 1 ) .  
 
 
 
Ge ne r i c a me nt e , a s  de c l a r a ç õe s  a mbi e nt a i s  de  pr odut o, e mbor a  s e j a m di f e r e nt e s  de  f a br i c a nt e  
pa r a  f a br i c a nt e , c ont ê m i nf or ma ç ã o a c e r c a  de  e mi s s õe s , c ons umo de  r e c ur s os  e  de s e mpe nho 
( Dua r t e , 2009) . 
Embor a  e s t e s  doc ume nt os  s e j a m a i nda  e s c a s s os , uma  a ná l i s e  de  a l guns  di s poní ve i s  pe r mi t e  
ve r i f i c a r  que  e xi s t e  uma  ne c e s s i da de  de  pa dr oni za r  o f or ma t o de s t a s  me s ma s  c omuni c a ç õe s , de  
modo a  que  c ont e nha m i nf or ma ç ã o di s c r i mi na da  por  c a t e gor i a s  de  i mpa c t e  dos  pr odut os , mi ni -
mi za ndo a  i nf or ma ç ã o de  c a r á c t e r  s ubj e c t i vo e  c ome r c i a l . Di f e r e nt e s  e mpr e s a s  de ve r ã o s e r  c a -
pa ze s  de  di s poni bi l i za r  i nf or ma ç ã o de  modo a  que  os  di f e r e nt e s  pr odut os  pe r t e nc e nt e s  a  uma  
me s ma  c a t e gor i a  pos s a m s e r  c ompa r a dos  de  f or ma  obj e c t i va , s e m i nt e r f e r ê nc i a s  c ome r c i a i s . 
Al é m di s s o nã o e s t ã o a i nda  de f i ni da s  c a t e gor i a s  de  pr odut o pa r a  mui t os  ma t e r i a i s  de  c ons t r uç ã o 
c omo s e  pode  obs e r va r  no doc ume nt o CEN/ T C 350/ W G3 N 79 de  2007 ( Dua r t e , 2009;  Sous a , 
2009) . 
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4 A INT EGRAÇÃO DAS EX IGÊNCIAS DE SUST ENT ABILIDADE DOS M AT ERIAIS DE 
CONST RUÇÃO NA DOCUM ENT AÇÃO T ÉCNICA DE OBRAS 
De f e nde -s e  que  i nf or ma ç ã o s obr e  a s  c a r a c t e r í s t i c a s  dos  ma t e r i a i s  e s c ol hi dos  e m pr oj e c t o a o 
ní ve l  da  s ua  s us t e nt a bi l i da de  i nt e gr e  a  doc ume nt a ç ã o t é c ni c a  de  pr oj e c t o a  c onc ur s o, e  ha j a  a  
ga r a nt i a  que  na  e xe c uç ã o dos  t r a ba l hos  a  e nt i da de  e xe c ut a nt e  r e s pe i t a  e s s a  e s pe c i f i c a ç ã o e  a pl i -
c a  ma t e r i a i s  que  c or r e s ponda m a  e s s a s  e xi gê nc i a s  ( Dua r t e , 2009) . 
A me t odol ogi a  de ve r á  s e r  a pl i c a da  a os  ma t e r i a i s  ma i s  r e pr e s e nt a t i vos  de  um e di f í c i o, de  
modo a  c onc e nt r a r  e s f or ç os  e m me l hor i a s  c om i mpa c t e  e  e s c a l a , s e m a c r é s c i mo de  t r a ba l ho de  
pr oj e c t o s i gni f i c a t i vo. Se l e c c i ona dos  os  gr upos  de  ma t e r i a i s  ge né r i c os  c om ma i or  r e pr e s e nt a t i -
vi da de  no e di f í c i o ( Fi g. 7) , de ve r -s e -á  pr oc ur a r  c ol i gi r  i nf or ma ç ã o s obr e  hi pot é t i c os  ma t e r i a i s  
c onc r e t os  c a ndi da t os  a  c a da  f unç ã o. 
A i nf or ma ç ã o ut i l i za da  pa r a  a  a t r i bui ç ã o de  uma  c l a s s i f i c a ç ã o a  um ma t e r i a l  ou pr odut o de -
ve r á  s e r  a  pr ove ni e nt e  da s  EPD. Es t a  i nf or ma ç ã o de ve r á  s e r  f a c i l me nt e  or ga ni za da  pe l os  pr oj e c -
t i s t a s  a  pa r t i r  da s  EPD f or ne c i da s  pe l os  f a br i c a nt e s . 
 
 
 
Figur a  7 .  G r up o s d e  ma te r ia is/c o mp o ne nte s c a nd id a to s a  uma  d a d a  funç ã o  ( D ua r te ,  2 0 0 9 ) .  
 
A me t odol ogi a  de ve  i nc l ui r  a  pos s i bi l i da de  de  ponde r a r  a  i mpor t â nc i a  do ma t e r i a l  s e gundo 
um ou vá r i os  pont os  de  vi s t a . Da  a gr e ga ç ã o pe s a da  da s  pont ua ç õe s  dos  ma t e r i a i s  ma i s  r e pr e s e n-
t a t i vos  s e r á  pos s í ve l  c he ga r  a  um ou ma i s  i ndi c a dor e s  da  c ons t r uç ã o c omo um t odo, pe r mi t i ndo 
a f e r i r  a  a va l i a ç ã o gl oba l  da  s us t e nt a bi l i da de  do e di f í c i o a o ní ve l  dos  ma t e r i a i s  que  o c ons t i t ue m 
( Fi g. 8) . 
 
T a l  c omo uma  me mór i a  de s c r i t i va  de  um pr oj e c t o i nc or por a  a  j us t i f i c a ç ã o da s  e vi dê nc i a s  de  
s a t i s f a ç ã o da s  di ve r s a s  e xi gê nc i a s  a pl i c á ve i s  à  obr a , pr opõe -s e  que  e s t a  i nc or por e  t a mbé m j us t i -
f i c a ç õe s  l i ga da s  à  s us t e nt a bi l i da de  ( a o ní ve l  da  e s c ol ha  dos  ma t e r i a i s ) , na  qua l  s e  e vi de nc i e  a s  
opç õe s  t oma da s  a  r e s pe i t o do de s e mpe nho a mbi e nt a l  dos  pr odut os  e  s ol uç õe s  que  pr e s c r e ve . A 
i nf or ma ç ã o s obr e  a  s us t e nt a bi l i da de  da s  s ol uç õe s  de ve r á  s e r  e l a bor a da  a  pa r t i r  da  e s pe c i f i c a ç ã o 
dos  ma t e r i a i s , pe l o que  a s  EPD s ã o f unda me nt a i s  pa r a  e s s a  f unç ã o, e mbor a  ne s t e  mome nt o 
e s t a s  s e j a m a i nda  mui t o e s c a s s a s .  
Na  f a s e  de  c onc ur s o de ve r á  s e r  e xi gi do que  o e mpr e i t e i r o i nt e gr e  na  i nf or ma ç ã o da  pr opos t a  
e vi dê nc i a s  de  c omo s e  pr opõe  da r  r e s pos t a  à s  e xi gê nc i a s  de  pr oj e c t o s e gundo e s t e  pont o de  vi s -
t a , ( Fi g. 9) . 
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Figur a  8 .  Func io na me nto  glo b a l d a  me to d o lo gia  p r o p o sta  ( D ua r te ,  2 0 0 9 ) .  
 
 
 
Figur a  9 .  E ntid a d e s r e sp o nsá ve is p e la  a p lic a ç ã o  d a s p r e o c up a ç õ e s d e  suste nta b ilid a d e  a o  níve l d o s ma te -
r ia is/c o mp o ne nte s na  c o nstr uç ã o  ( D ua r te ,  2 0 0 9 ) .  
 
 
A e qui pa  pr oj e c t i s t a , ne s t e  pr oc e s s o de  s e l e c ç ã o, de ve r á  r e c or r e r  à s  EPD do T i po III de  c a da  
pr odut o, e  c om ba s e  na  a ná l i s e  e  ponde r a ç ã o de s s a  me s ma  i nf or ma ç ã o ( de  c a r á c t e r  a mbi e nt a l )  e  
dos  r e s t a nt e s  c r i t é r i os  que  de t e r mi na m a s  e s c ol ha s  e m pr oj e c t o ( c omo c us t os , dur a bi l i da de , 
e s t é t i c a , e nt r e  out r a s ) , pr oc e de r  à  e s c ol ha  de vi da me nt e  j us t i f i c a da  s e gundo um f or ma t o pa dr o-
ni za do, ( Fi g. 10) .  
Que r  na  f a s e  de  c onc ur s o, que r  na  de  e xe c uç ã o da  e mpr e i t a da , c a da  e nt i da de  e xe c ut a nt e  
de ve r á  a s s e gur a r , a t r a vé s  de  c ompr ova t i vo, que  a s  a l t e r a ç õe s  de  ma t e r i a i s  e  c ompone nt e s  pr o-
pos t a s , c umpr e m, no mí ni mo, os  r e qui s i t os  de  s us t e nt a bi l i da de  pr e s c r i t os , ( Fi g. 11) . 
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Figur a  7 0 .  P a p e l d o  p r o j e c tista  na  inc o r p o r a ç ã o  d a s p r e o c up a ç õ e s d e  suste nta b ilid a d e  d o s ma te r ia is / 
c o mp o ne nte s  d e  c o nstr uç ã o  ( D ua r te ,  2 0 0 9 ) .  
 
 
Se r i a  i nt e r e s s a nt e  a  e xi s t ê nc i a  de  um pl a no nor ma l i za do de  ve r i f i c a ç ã o de  c onf or mi da de  da  
a de qua ç ã o dos  pr oc e s s os  c ons t r ut i vos  a os  r e qui s i t os  de  mi nor a ç ã o de  r e s t a nt e s  i mpa c t e s  
a mbi e nt a i s . No e nt a nt o, a  c e r t i f i c a ç ã o de  e mpr e s a s  s e gundo a s  nor ma s  ISO 14000 s e r á  à  pa r t i da  
um i ndi c a dor  de  que  a  e mpr e s a  pr omove  e  i nc or por a  boa s  pr á t i c a s  a mbi e nt a i s  no pr oc e s s o c ons -
t r ut i vo. 
 
 
Figur a  8 1 .  P a p e l d a  e ntid a d e  e xe c uta nte  na  ga r a ntia  d a  inc o r p o r a ç ã o  d a s p r e o c up a ç õ e s d e  suste nta b ilid a d e  
d o s ma te r ia is/c o mp o ne nte s na  c o nstr uç ã o  ( D ua r te ,  2 0 0 9 ) .  
5 CONCLUSÕES 
A a ná l i s e  do c i c l o de  vi da  da s  c ons t r uç õe s  e  dos  ma t e r i a i s  i nc or por a dos  na s  me s ma s  é  f unda -
me nt a l  na  c onc r e t i za ç ã o da s  pr e oc upa ç õe s  de  s us t e nt a bi l i da de  a pl i c a da s  à  c ons t r uç ã o. Pa r a  t a l  é  
ne c e s s á r i o um c onhe c i me nt o da  i mpor t â nc i a  no de s e mpe nho dos  di ve r s os  c ompone nt e s  do e di -
f í c i o, pa r a  de f i ni r  me di da s  de  s us t e nt a bi l i da de  que  t e nha m i mpa c t o, e s pe c i a l me nt e  a o da r e m-s e  
os  pr i me i r os  pa s s os  ne s t a  ma t é r i a .  
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As  de c l a r a ç õe s  a mbi e nt a i s  de  pr odut o s ã o um i ns t r ume nt o i mpor t a nt e  pa r a  o s e c t or , no r e gi s -
t o e  c omuni c a ç ã o da  i nf or ma ç ã o a mbi e nt a l  de  ma t e r i a i s  e  c ompone nt e s . A e l a bor a ç ã o da s  
f i c ha s  EPD do T i po III de pe nde  da  i nf or ma ç ã o pr ove ni e nt e  da s  ACV , pr oc e s s o e s t e  que  de ve r á  
t or na r -s e  ma i s  t r a ns pa r e nt e  e  de  ma i s  f á c i l  a pl i c a ç ã o e  c ompr e e ns ã o, à  me di da  que  a  nor ma l i za -
ç ã o a va nc e  ne s s e  me s mo s e nt i do. 
Ca be  a os  f a br i c a nt e s  a  mi s s ã o de  i nc or por a r  a s  pr e oc upa ç õe s  de  s us t e nt a bi l i da de  a mbi e nt a l  e  
e ne r gé t i c a  na  c onc e pç ã o e  f a br i c o dos  s e us  pr odut os  e  e xpl i c i t a r  e s s a  i nf or ma ç ã o. Ca be  a os  pr o-
j e c t i s t a s  a  s e l e c ç ã o dos  ma t e r i a i s  e  c ompone nt e s  c om ba s e  na  i nf or ma ç ã o f unc i ona l , de  c us t o a o 
l ongo da  vi da , e  de  i mpa c t e  e ne r gé t i c o e  a mbi e nt a l , t e ndo e m me nt e  a s  i mpl i c a ç õe s  f ut ur a s  da s  
e s c ol ha s  e f e c t ua da s . Pa r a  t a l , é  mui t o i mpor t a nt e  que  s e  pr oc ur e  di s poni bi l i za r  i nf or ma ç ã o 
f i de di gna  e  pa dr oni za da  pa r a  os  pr odut os , de  modo a  que  e s t e s  pos s a m s e r  e s t uda dos  e  c ompa -
r a dos  numa  pe r s pe c t i va  do s e u i mpa c t e  a mbi e nt a l . 
Por  f i m r e f i r a -s e  que  vi ve mos  um pe r í odo de  c l a r i f i c a ç ã o de  pr i nc í pi os  e  c onc e i t os , que  a pe -
na s  qua ndo a pr of unda dos  e  me l hor  a da pt a dos  vã o pe r mi t i r  a  s ua  a pl i c a ç ã o t é c ni c a  de  a c or do 
c om r e gr a s  be m s e di me nt a da s  e  e s t a bi l i za da s . At é  l á , vã o pr e domi na r  a bor da ge ns  r e l a t i va me nt e  
qua l i t a t i va s  e  t a mbé m t e nt a t i va s  de  us a r  a  s us t e nt a bi l i da de  a pe na s  c omo a r gume nt o de  marke-
ting. 
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1 INTRODUCTION 
1.1 The use of high-performance solutions in commercial buildings: Retailers review 
Retail companies are in a key position to improve and promote the use of high-performance so-
lutions in commercial buildings’ refurbishment, reducing the use of natural resources and opera-
tional costs. This paper is a literature review on what retailers are doing to improve sustainabili-
ty in their buildings, focused on refurbishment and the affordability of existing solutions. 
1.2 The importance of retrofitting in existing buildings 
If commercial buildings have a life span of at least 50 years, then structural changes should oc-
cur in the role that these buildings play in renovation. It is fundamental for urban cohesion that 
new construction is restricted as to not contaminate soil with bearing capacity, contain the phe-
nomena of urban sprawl and provide the urban density necessary for the viability of optimized 
common infrastructures, such as public transportation or improved energy grids (EBI, 2005). 
Also construction materials, by weight, account for between 30 and 50% of all material flows 
in the economy and 44% of all waste going to landfill. Refurbishment allows reducing the use 
of natural resources and construction waste, having into consideration the high percentage of 
energy contained in construction materials and rehabilitating the existing materials in a building 
or recycling those that need to be replaced. 
Retail is likely to be the most ecologically intensive segment of the commercial buildings 
sector regarding energy consumption and contributing to problems such as urban transportation 
and consumer waste (Centre for Design at RMIT - Planet One Sustainability Strategies, 2003). 
High-performance solutions for refurbishment of retail build-
ings - Retailers review 
 
A. Ferreira, M. Pinheiro & J. Brito 
Instituto Superior Técnico, Universidade Técnica de Lisboa, Lisboa, Portugal 
ABSTRACT: Retail buildings are responsible for up to 20% of the energy consumption in the 
commercial sector which makes them an important focus for the implementation of high-
performance building solutions. This is furthermore important in the refurbishment of existing 
buildings, as new construction has a greater environmental impact that needs to be restrained. 
This paper analyses what retail companies - like Wal-Mart, Carrefour, Metro AG - are doing to 
increase sustainability in their buildings and presents a case study of the solutions used in refur-
bishing a store. 
Lessons learned from retailers can be a contribution as they can usually be adapted by their 
peers or by other commercial buildings, provide opportunity for the optimization and affordabil-
ity of new technologies and have a broaden influence not only on the upstream construction in-
dustry but also on Society, as the retail sector is becoming the greatest potential purveyor of cul-
ture. 
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2 SUSTAINABLE PRACTICE 
2.1 Best practice examples of high-performance solutions in retailer buildings refurbishment 
The larger multinational retail companies analyzed in this paper - Target, Wal-Mart, Metro AG, 
Whole Foods, Tesco and Carrefour - were selected for their market presence and accountability 
index, according to Fortune (Magazine CNN - Cable News Network, 2008). These companies 
are introducing better environmental performance solutions when refurbishing their buildings, 
mainly in the areas of energy consumption, water use, refrigeration and HVAC systems and sus-
tainable design and construction, as systematized in Table 1 (Carrefour SA, 2007, Metro Group, 
2007, Target Corporation, 2008, Tesco, 2007, Wal-Mart Stores, Inc., 2008, Whole Foods Mar-
ket, 2008). One important question is whether this search of better environmental performance 
supports high-performance and affordable solutions. 
Table 1. High performance solutions used by retailers 
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Energy consumption       
Passive solar energy ● ● ● ●  ● 
Photovoltaic technology ● ● ● ● ● 
Wind energy ●    
Green energy * ● ● ●   
Fuel cells ●    
Geothermal energy ●    
Energy efficiency equipment: ●    
   LEDs ● ● ●  ● ● 
   Fan inverter drives  ●  
   Combined heat and power  ●  
   Daylight harvesting ● ●    
   Munters dehumidification system ●    
   Waste heat for hot water ●    
   Glass covers for frozen cabinets ●   ● 
   Walk-in freezer rooms ●    
   Wake-on-LAN technology ** ●    
   Solar chilling ●    
   Motion sensor lighting ●    
Water use       
Water efficiency equipment:    
   High efficiency faucets ● ●  ● ● 
   Waterless urinals ●    
Water recycling    
Rainwater harvesting ●  ● ● 
Low Impact Development ●   ● 
Refrigeration and HVAC systems       
Ammonia based refrigeration ●    
Gas transfer to CO2 ● ●  ●  
Water source format heating, cooling and refrigeration system ●    
Secondary loop refrigeration system ●    
Sustainable Design and Construction       
Brownfield redevelopment ● ●   ● 
Construction and demolition waste management ● ● ● ●  ● 
Recycled construction materials ● ●   ● 
Sustainable design    
   Reflective white membrane roofs ● ●    
   Use of indigenous plants ● ●    
Energy management ● ● ●  ● ● 
Water management ●   ● 
Building commissioning ●       
*Energy offsetting. ** Technology used in computer systems.    
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2.2 Corporate social responsibility and environmental performance in retail companies 
Business corporations are now more receptive to sustainability, as companies recognize they 
can not dissociate the profit obtained from the environmental and human capital that has created 
it. This change in business paradigm is known as the "Triple Bottom Line", and is based on the 
triptych people, planet and profit as a guiding principle for business operation (Elkington, 
2000). 
Investors are attracted to sustainability for its superior risk-return profiles and also because 
sustainability stands for informed and disciplined management (Centre for Design at RMIT, 
2003). 
The corporate social responsibility of most retail companies addresses the topics of supply 
chain and products, environment, employees, and social commitment. Adopting environmental-
ly responsible policies and actions improves efficiency, lowers costs, improves productivity, at-
tracts customers, and increases sales (Evans et al., 2006). 
2.3 Policy of action in retail companies to increase sustainability in their buildings 
Many commercial building projects are considered as investments that should earn an interest-
ing rate of return with low financial risks. The design process is thus subjected to a rigorous fi-
nancial discipline that attempts to ensure adequate performance at the lowest possible construc-
tion cost. Although some commercial building designs pursue high performance solutions and 
tolerate slightly higher initial construction costs, for most retailers this is not the case. However, 
higher performance takes the form of a better users experience and lower operating costs, both 
of which add value from a life-cycle cost perspective (Andrews et al., 2008). 
2.4 The decision process in refurbishing retailers’ existing buildings 
Capital providers are very concerned about the risk and return equation, which often makes 
them consider only a short time period in the decision process (WBCSD, 2008). 
Developers are the primary players in commercial construction and can be speculative, which 
frequently results in a short-term perspective on the buildings’ financial value. Speculative de-
velopers will typically be interested in energy efficiency only if it is a significant factor in the 
buying decision. On the other hand, developers who rent the property to tenants have a longer 
term view, which may make energy-saving investments more attractive. Even though, develop-
ers may not be able to reap the benefits of such investments, as energy cost savings favor the 
occupier. This weakens the incentive for energy efficiency investments. 
Owners that occupy their buildings are most likely to consider investments that may have 
paybacks over several years. 
Whichever is the circumstance, too much importance is placed on the initial investment re-
quired, rather than on life-cycle cost assessments and return-on-investment calculations. 
Many retailers are owner-occupiers and in fact they are in the best position to make long-term 
investment decisions about their buildings. They will tend to have a longer term perspective and 
stand to benefit directly from energy savings. This applies both to new buildings and the refur-
bishment of existing ones (WBCSD, 2008). However, the limited mandate time of a board of 
administration in a retail company (usually 3 to 4 years) contributes to a greater focus and at-
traction on the short-term payback of the investments especially for refurbishments, thus limit-
ing the range of high-performance solutions to be considered for the buildings they use. 
The main reasons for using high-performance solutions in building projects are perceived to 
be long-term economic benefits, the availability of subsidies, image benefits, the desire to re-
duce environmental impacts, and because of corporate social responsibility. On the other hand, 
the most common barriers to using high-performance solutions are perceived to be high capital 
costs and long payback times, ignorance and lack of understanding, a perception of risk and that 
high-performance solutions are unproven, an incoherent policy, and planning constraints. 
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The decision-making process is thus influenced by financial aspects, but also qualitative and 
personal factors related ton the perceived ‘values’ of the retailer. It is clear that the existing ap-
proaches to decision-making are not universal and there is little experience of using approaches 
that take into account qualitative and quantitative considerations in an organized manner that 
can be adapted to by most retailers (Cooke et al., 2007). 
2.5 Influence in the construction industry and in Society’s behavior 
Retail is a diverse but highly concentrated industry in terms of ownership and sales and is com-
posed by a very large number of participants. This level of concentration allows for easier 
communication of best practices and environmental information to the players in the industry 
that control the majority of space, sales and employees (Evans et al., 2006). 
Due to the similarities between the companies, the lessons learned and technologies used in a 
company are often easily transferred to competitors or other commercial units. In addition, the 
retail sector is strategically positioned in the construction industry and can influence the supply 
stream of materials used in this sector (U.S. Department of Energy - Energy Efficiency and Re-
newable Energy, 2008) 
Because of its broad reach, the retail sector has the potential to affect society in a way that not 
many other industries can. Corporately, retailers can define environmentally-oriented purchas-
ing requirements and, at the store level, they can educate consumers. Retail controls and acts as 
the gatekeeper for the goods and services consumers are offered and, as such, it has the ability 
to influence behavior and consumption patterns (Evans et al., 2006). 
3 PRATICAL APLLICATIONS 
3.1 Solutions and optimization of solutions 
Below examples of improving performance solutions that can be successfully used in the retro-
fitting of existing commercial buildings are presented: 
• New developments in illumination, heating and cooling technologies for energy-efficient 
buildings (Roberts, 2008): 
• Higher level of insulation and high-performance windows; 
• More efficient heating and cooling equipment, lighting and appliances; 
• Sustainable energy; 
• Vacuum insulation panels (VIPs); 
• Multi-foil insulation; 
• Insulating paints; 
• Triple glazing; 
• Vacuum glazing; 
• Aerogel as a replacement material for windows. 
•  Energy-efficient architectural designs (Roberts, 2008): 
• Sun-facing glazing; 
• Sunshades and deflectors, fixed or movable overhangs and blinds; 
• Shingled glass facades; 
• Motorized louvers and awnings; 
• Light shelves that reflect sunlight onto the ceiling and bounce it back deep into the room; 
• Ventilated rain screen systems or rendered insulation systems; 
• Green roofs. 
• Smart windows (Andrews & Krogman, 2008): 
• Electro-chromic and thermal-chromic windows; 
• Window treatments: tinted window glass, reflective window glass; 
• External overhangs or awnings; 
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• Skylights or atriums. 
• Illumination (Andrews & Krogman, 2008): 
• Sensors to adjust the window shade position in accordance with the angle of the sun’s rays; 
• Sensors and programmed light control systems to automatically dim or turn off the light; 
• Lamps or luminaries of better energy efficiency such as fluorescent light tubes and CFLs 
(Compact Fluorescent Lamps), T5 tubes, LEDs (Light-Emitting Diodes); 
• Solar tubes; 
• Day-lighting; 
• Day-lighting sensors; 
• Specular reflectors; 
• Electronic ballasts; 
• Control systems for lighting. 
• Efficient heating and air-conditioning systems (Andrews & Krogman, 2008, Roberts, 2008): 
• Micro CHP system; 
• Heat pipes; 
• Variable-air-volume (VAV) systems; 
• Economizer cycles; 
• Energy management and control systems (EMCS); 
• Time-clock thermostats and manually-reset thermostats; 
• Economizers in conjunction with energy recovery ventilators; 
• Evaporative cooling systems in dry climates and design natural ventilation; 
• Hot-water production through renewable or regenerative sources (solar, heat pumps or 
waste heat). 
• Cascade solar energy systems (Han et al., 2009): 
• Energy-conversion systems including photovoltaic, thermionic, and thermoelectric devices; 
• Heat engines (Stirling engines or steam or gas turbines); 
• Wind turbines (grid-connected, stand-alone, and hybrid systems). 
• Innovative designs of building envelopes and construction modules (Han et al., 2009): 
• Soap bubbles for building insulation; 
• Absorption cooling; 
• Combined heat engine/vapor-compression system; 
• Desiccant cooling. 
• Water efficiency (Roberts, 2008): 
• Low- flow taps and showers; 
• Water-efficient appliances; 
• Variable and low flush toilets; 
• Waterless urinals. 
• Building operation (Roberts, 2008, Torcellini et al., 2006): 
• Whole-building design process to design, construct, and operate future low-energy build-
ings; 
• Post-occupancy energy performance evaluation; 
• Measurement procedures; 
• Demand-responsive controls that integrate on-site storage, day-lighting, and energy produc-
tion to reduce peak demand charges and increase load factors; 
• Simpler systems with greater opportunities for users to intervene. 
3.2 Lessons learned by retailers and applicability to other commercial buildings 
According to the REA - Retailer Energy Alliance (2008), the retail sector can embrace and 
broadcast certain energy-efficient and renewable energy strategies, as retailers build many 
Chapter 4: High performance sustainable building solutions
367
buildings with the same basic layout in the search for optimal solutions and building cost de-
crease (U.S. Department of Energy - Energy Efficiency and Renewable Energy, 2008). 
Even though every commercial building is unique, it is possible to replicate the lessons 
learned from retailers to other commercial buildings, helping to define a set of best practices 
that can be applied either in the new construction or in the retrofitting of existing buildings. Un-
derstanding success and opportunities in the current generation of greener buildings can im-
prove the environmental performance of all commercial buildings (Torcellini et al., 2006). 
It is a fact that retailers are making efforts to achieve better environmental performance, es-
pecially through energy savings. However, achieving the higher environmental performance 
typical of a low energy or net zero energy building is still far from retailers’ possibilities, mostly 
for return on investment reasons. 
4 SUSTAINABLE AFFORDABILITY 
It is consensual for most of retailers that energy is the top priority when introducing environ-
mentally friendly high-performance solutions in their buildings, largely because of the potential-
ly high cost savings and also because they are easy to install and operate. The following other 
priorities mentioned by retailers were: lighting, refrigeration, heating, ventilation, and air condi-
tioning (Evans et al., 2006). 
Technologies used in commercial buildings must demonstrate some relative advantage, usual-
ly by being less costly or delivering higher performance. When applied to the refurbishment of a 
building, they also need to be compatible with the existing construction practices and easy to 
manage. 
Affordability versus low cost 
When considering which high-performance solutions are best for their buildings’ refurbish-
ment, the cost is usually one of the top priorities that retailers take into consideration. A cost-
effective solution can be either an affordable solution or a low-cost solution, depending on its 
payback period. As a rule of thumb, one can say that an affordable solution typically has a pay-
back period of 7 to 8 years (which represents at least half of the service life of the proposed 
high-performance solution) while a low-cost solution has a significantly shorter payback period 
- up to 2 to 4 years. 
Case study 
According to their business strategy, many of the retailers reviewed have stories of innovative 
environmental best practices. However, few reveal publicly the financial payback period in-
volved (Evans et al., 2006). 
To better document the high-performance solutions that retailers are willing to use in their 
buildings and to ascertain their affordability, the following case study was selected from one of 
the reviewed retailers and consists of one of its average sized stores located in Portugal. 
This store has 10,000 m² gross floor area and about 8,200 m² net sales area (4,896 m² for the 
food department and 3,346 m² for the non-food department). The energy consumption of this 
commercial building was 3,938,928 kWh in 2008, at an average price of 0.07805 € per kWh. 
Thus the total energy cost in the year 2008 was 307,433 €. The segregation of energy consump-
tion in the building is the following: 38.8% for interior lighting, 3.2% for exterior lighting, 9.4% 
for equipment, 0.7% for heating, 1.8% for cooling, and 46.1% for industrial refrigeration. 
The water consumption in 2008 was 13,025 m³, at an average price of 2.07 € per m³. The to-
tal water cost was 26,961 € per year. The segregation of water consumption in the building is 
the following: 70% for washing, and 30% for sanitary use. 
Table 2 shows which high-performance solutions this retailer has considered in the past 2 
years according to its refurbishment strategy, taking into consideration the payback periods and 
the yearly running costs of the building. 
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Table 2. Case study: high-performance solutions used in a retailer's 10.000 m² store 
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Energy consumption       
Sun pipes 196,800.00 € 23.2% 26,532.00 € 7.42 •  
Free cooling in IT rooms 8,200.00 € 50.0% 9,841.00 € 0.83  • 
LEDs 112,665.00 € 86.5% 35,740.00 € 3.15  • 
TL5 fluorescent lamps 85,468.00 € 41.2% 24,291.00 € 3.52  • 
Waste heat for hot water 18,050.00 € 1.0% 2,748.00 € 6.57 •  
Electrical systems automation  73,500.00 € 10.0% 30,743.00 € 2.39  • 
Water use       
High efficiency faucets 574.00 € 10.0% 2,712.00 € 0.21  • 
Waterless urinals 240.00 € 5.0% 1,356.00 € 0.18  • 
Rainwater harvesting 43,232.00 € 30.0% 8,140.00 € 5.31 •  
Refrigeration       
Glass covers for frozen cabinets 69,341.00 € 14.0% 19,811.71 € 3.50  • 
E-cube¹ 5,760.00 € 6.0% 18,560.00 € 0.31  • 
Smartcool² 17,011.00 € 8.8% 12,518.00 € 1.36   • 
* Payback period less than 8 years. ** Payback period less than 4 years.   
¹Frozen goods' temperature control. ²Automation for compressors   
According to the case study low-cost solutions are more attractive to business managers as 
they pose a smaller risk on return on investment. However, taking into consideration the build-
ings’ life cycle as well as medium-term operating costs, affordable high-performance solutions 
can also be considered and applied in the building’s refurbishment. 
The trend is that once most low-cost solutions are used, the affordable solutions with higher 
payback periods will then start to be analyzed and are likely to become gradually more adopted, 
as they still make good business sense. 
On the other hand, any investment that has a payback of over 8 years has very little chance of 
being considered as it represents too much uncertainty in the fast changing retail market. 
5 CONCLUSION 
The large stock of existing commercial buildings that need refurbishing is both a persistent 
problem and an opportunity to achieve better performance in the commercial building inventory 
and to share the lessons learned within the sector (Andrews & Krogman, 2008). 
Retailers are already searching for better environmental performance. Greater attention can be 
paid to the constraints that they face in their buildings’ management decision process, namely 
by developing models that can correlate which different high-performance solutions are most 
suitable for their business needs, thus helping them to achieve higher performance and afforda-
bility. 
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1 BACKGROUND 
 Buildings in the industrialized world are responsible for more than 40% of the total energy con-
sumption, 30 - 40% of CO2 emissions and the construction sector generates approx. 40% of all 
man-made wastes.  
 
 Concrete is the second most used product on the planet, after water. During the last century 
concrete has developed into the most important building material in the world. The production 
of concrete in the industrialized world annually amounts to 1.5-3 tonne per capita. World ce-
ment production has been 12 times increased in the second half of the last century (Fig. 1).   
 
 Concrete is produced from natural materials, available in all parts of the globe. Concrete is du-
rable and versatile material, enabling structural variability and architectural freedom. 
 
 Cement production is associated with large energy consumption and CO2 emissions. The cement 
industry produces about 5% of global man-made CO2 emissions. 
 
 Improving the sustainability of the concrete technology will result into significant improvements 
in the building sector and will represent important contribution to the solution of global sustain-
ability issues.  
 
Utilization of high performance concrete in the design of 
sustainable buildings 
 
P. Hajek,  C. Fiala, M. Kynclova 
Czech Technical University in Prague, Faculty of Civil Engineering, Prague, Czech Republic 
ABSTRACT:  Concrete is due to its mechanical properties, durability, availability of resources 
and ability of variable design the mostly widespread structural material for construction of build-
ings. The possibility to construct subtile concrete load bearing structures increases the potential 
for the use of concrete also in energy efficient buildings. Utilization of optimized concrete struc-
tures represents a potential for increase of complex quality of construction from the point of view 
of sustainable aspects. New composite high performance silicate materials could be used for con-
struction of more strong, more durable and at the same time slender “shell” structures, enabling 
design with significantly reduced use of materials and leading to reduction of environmental im-
pacts associated with the use of primary natural sources and with depositing and recycling of the 
structure at the end of its life cycle.  Experimental investigation, case studies and experimental 
realizations performed by authors in the frame of long term research, focused to environmental 
optimization of concrete structures, support the expectation that it will be possible to reach factor 
3 or even more while keeping structural reliability on the needed high level.  
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There is an obvious need for the reduction of raw material consumption. The reduction of struc-
tural material consumption can be achieved by the use of concrete (silicate composites) with im-
proved mechanical properties in combination with shape optimization.  
 
 
Figure 1   Tendencies of steel and concrete productions are compared with the 
population growth and its expected development up to the year 2050 (Hajek, 2003)  
 
 
Waffle and ribbed reinforced concrete structures are widely used in building constructions. The 
static advantages are the consequence of the ribbed cross section, bidirectional span structure and 
lower self weight. Waffle floor structures can reduce material consumption to 50% in comparison 
to full reinforced slab while keeping similar static parameters. Another 20% can be saved by util-
izing high performance concrete. The weight reduction of concrete floor structures is recently 
gaining the importance with regards to increasing demands on construction materials savings and 
on further savings related to transportation. Reduced self weight of ribbed shape represents lower 
load and consequently lower reinforcement consumption of floor slab itself and lower load on 
supporting structures.  Additional savings are in transportation cost. The motivation is not based 
only on economical but also on environmental advantages followed from sustainable development 
criteria.  
Partial task of the research was to verify the option of slender waffle and rib floor structures 
design with minimized upper deck thickness (up to 30 mm). The slab of this thickness cannot be 
effectively reinforced by conventional reinforcement and thus the possibility of high performance 
fiber concrete utilization was verified while maintaining structure reliability on high level.   
2 IVESTIGATION OF HIGH PERFORMANCE CONCRETE THIN SLABS  
2.1 Mechanical testing of thin HPC slab specimens 
The first step of the research was to find out optimal concrete mixture from the perspective of 
workability and mechanical properties. The individual series differed in type of cement and fibres. 
Selected types of polypropylene and steel fibres having different shapes with and without ending 
were used. The content of fibres was in all tested cases 1% by volume. Test specimens were in 
the form of slender slabs 700/250/30 mm. In total 12 series were produced and tested (Tab. 1). 
The reference series S-I was reinforced in the middle by conventional reinforcement (steel mesh 
100x100x4).  
Verification of mechanical properties was performed in Experimental Centre of Faculty of Civ-
il Engineering CTU in Prague. A flexural strength was tested using standard 4-point bend test 
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method on 28 days old test specimens (Fig. 2). Resistance strain gauges LY41-50/120 were 
placed on test specimens. Load was applied in 0,25kN steps for period of 60 sec. 
 
 
Table 1. Test specimens series specification and test results 
Series 
No. 
Reinforcement Fibre tensile 
strength 
(MPa) 
Flexural 
strength 
(MPa) 
Compressive 
strength 
(MPa) 
 
S-I Reinforcing steel mesh 4/100/100 550 5.7 46.5  
S-II BeneSteel 50/35 polypropylene 35 mm 660 5.6 54.3  
S-III Fibrex A1 steel 25 mm 350 6.4 55.2  
S-IV Třinec 60 steel 60 mm  1000 7.8 54.1  
S-V Dramix ZP 305 steel 30 mm 1100 6.9 53.6  
S-VI Plain concrete - 6.8 89.6  
S-VII Dramix RC 80/30 BP steel 30 mm 2300 7.2 83.8  
S-VIII Plain concrete - 6.7 59.6  
S-IX Fibrex A1 steel 25 mm 350 8.6 80.0  
S-X Steel microfibres 9 mm  2400 14.8 176.5  
S-XI Dramix RC 80/30 BP steel 30 mm 2300 5.9 92.3  
S-XII Stratec 0,15 steel 13 mm 2400 10.4 136.8  
 
The Table 1 presents comparison of maximum average flexural strength and compressive 
strength in tested series of slab specimens. Series of S-X specimens was produced in Kassel Uni-
versity from their UHPC (thanks to prof. M. Schmidt and his team) (Schmidt & Teichmann 
2007). Series S-XII represent HPC with compressive strength around 140 MPa developed by our 
team at CTU in Prague.  
The tests showed the potential for the use of fibre high performance concrete in construction of 
subtle light concrete structural elements with significantly reduced amount of concrete. Possible 
application is in waffle floor structure with reduced self weight.    
 
Figure 2 Thin slab specimen (thickness 30 mm) subjected to 4 – 
point bending test 
2.2 Environmental profiles 
The environmental efficiency of slender slabs was calculated for each mix design. In this paper 
there are presented results for reference series S-I reinforced by reinforcing mesh, S-IX series 
from HPC concrete reinforced by Fibrex A1 fibres and S-X UHPC series reinforced by steel mi-
crofibres. Embodied energy and emissions were calculated from data for plain concrete C50/60 
(www.bauteilkatalog.ch 2009), data for individual fibres from (Waltjen 2008) and difference in 
cement quality and amount were calculated based on (Schießl & Stengel 2007). 
Chapter 4: High performance sustainable building solutions
373
Environmental impacts considered in this study were embodied energy, embodied CO2 emis-
sions and embodied SOx emissions (Hajek & Fiala 2007).  The ratio of the environmental impacts 
to experimentally measured flexural strength (which is proportional to load capacity, i.e. to its 
mechanical performance) was calculated for a case of assessed slabs. The environmental efficien-
cy of HPC and UHPC concrete is obvious from the following graph (Fig. 3). It is due to their 
outstanding mechanical performance. 
 
 
Table 2. Embodied environmental parameters of different types of materials 
 
Figure 3  Environmental profiles of thin slabs. Reference level 100% 
is presented by a RC slab with reinforcing mesh  
 
 
3 INVESTIGATION OF WAFFLE FLOOR SLAB  
 
3.1 Mechanical testing of representative parts of waffle slab from HPC 
To investigate the structural behaviour of lightened subtle waffle slabs exposed to flexural and 
torsional loads, three specimens (representative parts of waffle slabs) were tested. Based on the 
test results of small slab specimens, it was decided to use the mixture with Fibrex A1 fibres. All 
test specimens had an equal reinforcement. The steel bars R 10505 of 10 mm diameter were used. 
The same class of concrete with compressive strength of approx. 100 MPa was applied. There 
was no shear or torsional reinforcement in the tested structure. The top thin slab (30 mm thick) 
was from fibre concrete without conventional steel mesh.  
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Test specimens were subjected to different combinations of flexural and torsional loads. The 
position of load is apparent from the Figure 4. The first was applied the torsion. At 10 kN the 
forces were kept on that level and the middle force started to bend the sample until the destruction 
of the sample. All samples withstand roughly the same load that was approx. 65 kN induced by 
middle jack and torsion imposed by 10 kN forces. 
Moreover, another 3 samples from HPC with more dense structure were made and tested. The 
mixture had the maximal grain of 0,6 mm and contained Stratec 0,15 steel fibres 1% by volume. 
The compressive strength tested on cubes was approx. 140 MPa. The samples were tested identi-
cally as afore mentioned. They withstood the flexure of 85 kN while being twisted by 10 kN. 
 
 
Figure 4   Testing of representative part of lightened subtle waffle 
slab in CTU Experimental Center 
 
Figure 5  Failure of the specimen loaded by combination of torsion 
and flexural load 
 
3.2 Environmental assessment 
Four alternatives of floor structures have been compared: i) full RC slab from ordinary concrete 
C30/37, ii) waffle floor structure from ordinary concrete C30/37, iii) waffle floor structure from 
fibre reinforced high performance concrete and iv) waffle floor structure from UHPC. All struc-
tures were designed for the same performance – dead load 4kN/m2, live load 1,5 kN/m2, span 5 x 
5 m, same thickness of 200 mm. The waffle floor from ordinary concrete had 60 mm thick upper 
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deck and the thickness of the rib was 80 mm. While waffle slab from HPC and UHPC had di-
mensions: upper deck 30 mm, rib 50/170 mm. The data source used in the analysis was Passive-
haus-Bauteilkatalog (Waltjen 2008).  The graph shows evident environmental advantages of all 
waffle structures. The reduction of concrete consumption in optimized shape of waffle FRC floor 
structure can reach up to 50 to 70 % in comparison with full RC slab. Moreover this results in 
lower load from self weight and consequently lower load on supporting structures (columns, 
walls, foundations). 
The environmental efficiency of waffle floor structure from UHPC is worse than from HPC 
concrete and even from ordinary concrete. When compared to environmental assessment of thin 
slabs it is obvious that structures from UHPC concrete are environmentally effective structures 
only if their mechanical performance is fully utilized.      
 
 
Figure 5 Environmental profiles of RC floor slabs. Reference level 
100% is represented by a full RC slab 
 
4 LIGHT PRECAST RC FRAME FOR PASSIVE HOUSE 
A combination of light subtle RC frame structure with external walls and internal partitions from 
timber elements represents effective structural solution from economical as well as environmental 
point of view. Significant savings in concrete and steel consumption follow from subtle sections 
of precast RC members. Consequently savings in transport and manipulation costs are evident. 
This all makes this structural concept more environmental efficient.  
This approach has been utilized in the construction of passive family house on the suburb of 
Prague. Load bearing structure of the 1
st
 floor is made from precast RC light frame. The section 
of precast columns is 150x250 mm. It was made from common concrete C35-45XC1, reinforce-
ment 4xR12. Edge columns are composed from two column elements creating L shape section. 
Columns support beams having thickness 150 mm. Floor slabs are RC composite with precast 
filligran lower part and cast in site upper part – total thickness 210 mm (Fig. 6).  
Load bearing structure of the 2
nd
 floor and roof structure is timber structure (Fig. 7). Entire 
load bearing structure is covered with timber external wall containing 400 mm of thermal insula-
tion from mineral wool. The total expected energy consumption will be less than 20 kWh/m
2
 per 
year. 
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 Figure 6  Light precast RC frame structure 
 
Figure 7  Timber frame structure on the top of RC precast part. Fix-
ing of timber external wall. 
4.1 Environmental assessment 
Three alternatives of structure applied for construction of the same family house have been as-
sessed in the study. Reference alternative is common structural solution from ceramic brick 
blocks Porotherm 44 P+D (thickness 440 mm) and RC floor structures with ceramic hollow fil-
lers MIAKO (VAR. 1). Second alternative VAR. 2 has also load bearing structure from ceramic 
bricks (Porotherm 24 P+D) and the same type of ceramic floor slab. The external walls are insu-
lated with 300 mm of PPS (polystyrene). VAR. 3 is light RC frame structure with timber external 
walls and timber internal partitions (constructed alternative – Fig. 6 and 7).  
The analysis has been made just for one storey (1
st 
storey). In the Figure 8 are presented results 
- comparison of environmental profiles of described three alternatives. It is evident that alterna-
tive with light RC precast frame and timber external wall show better results in embodied energy 
(10% savings in relation to reference alternative) and embodied CO2 emissions (32% less). The 
thickness of external wall is also the lowest – this can be economically advantages, especially in 
urban regulated areas with high density of houses.  
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Figure 8 Comparison of environmental parameters of three alternatives 
of load bearing structure for passive family house 
 
5 CONCLUSION 
The complex LCA and LCC of optimized HPC structures would show not only environmental 
benefits, but also the cost efficiency - in spite of the fact that HPC is more expensive and has 
higher values of unit embodied parameters. Moreover, high performance material properties 
(higher ductility, fire safety, water tightness, frost resistance, etc.) make structures more durable 
and more resistant against climatic effects and also safer in case of exceptional loads (like climat-
ic disasters or terrorist attacks). There is a big potential for the use of high performance silicate 
materials (application of HPC, UHPC) to form thin shell (ribbed, waffle, etc.) structures with re-
duction of the use of primary raw materials, and correspondent reduction of associated environ-
mental impacts. 
This outcome has been achieved with the financial support of the Grant Agency of the Czech 
Republic Grant Project No. 103/08/1658 and with the financial support of the Ministry of Educa-
tion, Youth and Sports of the Czech Republic, project No. 1M0579. All support is gratefully ac-
knowledged. 
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1 INT RODUCT ION  
T he  ove r a l l  vi s i on of  M a l a ys i a  i s  t o a c hi e ve  de ve l ope d na t i ona l  s t a t us  by ye a r  2020.  In or de r  t o 
a c hi e ve  t hi s  s t a t us , hi ghe r  e duc a t i on i s  t o pl a y a  s i gni f i c a nt  r ol e . Uni ve r s i t y bui l di ngs  a r e  pa r t  of  
t he  uni ve r s i t y’ s  a s s e t s  a nd r e s our c e s ;  t he y a r e  f a c t or s  of  pr oduc t i on. Howe ve r , onc e  a  bui l di ng 
i s  c ompl e t e d ma i nt e na nc e  c omme nc e s . M or e  a nd mor e  s t a ke hol de r s  i n t he  uni ve r s i t y ma na ge -
me nt  a r e  be c omi ng i nvol ve d i n one  wa y or  t he  ot he r  wi t h uni ve r s i t y bui l di ng ma i nt e na nc e . 
Howe ve r , t he r e  i s  a  l a c k of  c ompr e he ns i ve  f r a me wor ks  c ont a i ni ng e s t a bl i s he d gui de l i ne s  t o a d-
dr e s s  ma i nt e na nc e ;  e f f e c t i ve l y a nd e f f i c i e nt l y. T he r e f or e  i t  i s  t he  a i m of  t he  r e s e a r c h whi c h t hi s  
pa pe r  f or m pa r t  of f  t o de ve l op a  mode l  of  r e f e r e nc e  poi nt s  t o e ns ur e  t ha t  e ve r y t i me  ma i nt e n-
a nc e  i s  i ni t i a t e d a nd i mpl e me nt e d, i t  i s  c ons i s t e nt , s ys t e ma t i c , pr oa c t i ve  a nd hol i s t i c . In t hi s  
wa y, i t  wi l l  gui de  i n de f i ni ng t he  s c ope , qua l i t y, a nd e xpe c t a t i ons  of  t he  ma i nt e na nc e  s e r vi c e s  
a s  we l l  a s  i de nt i f yi ng t he  pr oc e dur e s  t o a ppl y. T he  wor d “ mode l ”  i n t he  r e s e a r c h i s  s ynonymous  
wi t h de c i s i on-ma ki ng f r a me wor k or  gui de l i ne  f or  ma na gi ng uni ve r s i t y bui l di ng ma i nt e na nc e . 
T hus  uni ve r s i t y bui l di ng ma i nt e na nc e  ma na ge me nt  mode l  me a n de c i s i on-ma ki ng f r a me wor k 
f or  t he  ma i nt e na nc e  of  uni ve r s i t y bui l di ngs . In t hi s  c ont e xt , mode l  c ons i s t s  of  pe r s onne l , pr oc e -
dur e s , a c t i vi t i e s , r e qui r e me nt s , t a s ks  a nd gui de l i ne s . T hi s  pa pe r  i s  ba s e d on l i t e r a t ur e  r e vi e ws  
a nd que s t i onna i r e  s ur ve y. Ba s e d on e xt e ns i ve  l i t e r a t ur e  r e vi e w, t hr e e  f unda me nt a l s  que s t i ons  
we r e  de ve l ope d t o gui de  t hi s  pa pe r . T he s e  que s t i ons  a r e :  wha t  a r e  t he  pr e s e nt  uni ve r s i t y bui l d-
i ng ma i nt e na nc e  pr a c t i c e s  i n M a l a ys i a ?  ( 1) , a r e  t he r e  a ny pr obl e m ( s )  wi t h t he  c ur r e nt  s ys t e m?  
( 2)  i f  ye s , wha t  i s  /  a r e  t he  pr obl e m wi t h t he  c ur r e nt  s ys t e ms ?  ( 3)  T he  a ns we r s  t o t hos e  que s -
S ys temic b u ild in g  main ten an ce man ag emen t f o r Malays ian  
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l a t e  l e a r ni ng, t e a c hi ng, i nnova t i on, a nd r e s e a r c h a c t i vi t i e s . T hi s  pa pe r  e me r ge d ba s e d on t he  
pr e mi s e s  t ha t  i f  t he r e  i s  i nf or ma t i on on t he  c r i t e r i a  t ha t  i nf l ue nc e  ma i nt e na nc e  of  uni ve r s i t y 
bui l di ngs , c ha r a c t e r i s t i c s  of  de f e c t s  i n uni ve r s i t y bui l di ngs  a nd c r i t e r i a  wi t hi n t he  us e r s ’  va l ue  
s ys t e m, t he  ma i nt e na nc e  ma na ge me nt  of  uni ve r s i t y bui l di ngs  wi l l  be  e f f e c t i ve  a nd e f f i c i e nt  
c ompa r e d t o how i t  i s  c ur r e nt l y e xe c ut e d. T he  pa pe r  i s  pa r t  of  a n ongoi ng r e s e a r c h.  T hi s  pa pe r  
s e e ks  t o pr ovi de  a n ove r vi e w on uni ve r s i t y bui l di ng ma i nt e na nc e  i n M a l a ys i a  a nd t o r e por t  pa r t  
of  a n ongoi ng r e s e a r c h. T he  pa pe r  r e vi e we d r e l a t e d l i t e r a t ur e  a nd pr e s e nt  t he  out c ome  of  a  
que s t i onna i r e  s ur ve y. Que s t i onna i r e s  we r e  a dmi ni s t e r e d on 50 uni ve r s i t y ma i nt e na nc e  or ga ni za -
t i ons . W i t h a  66%  r e s pons e  r a t e , t he  f i ndi ngs  s ugge s t  t ha t  t hough t he  e xpe ndi t ur e  on ma i nt e n-
a nc e  i s  i na de qua t e  but  poor  ma na ge me nt  of  t he  r e s our c e  a nd ma i nt e na nc e  s e r vi c e s  i s  a l s o c on-
t r i but i ng gr e a t l y t o t he  poor  s e r vi c e  de l i ve r y. T he  e mpi r i c a l  s ur ve y a l s o s ugge s t s  t ha t  c ur r e nt  
ma i nt e na nc e  ma na ge me nt  pr a c t i c e s  we r e  not  ve r y good a nd mos t  of  t he  bui l di ngs  us e r s  we r e  
not  ve r y s a t i s f i e d wi t h t he  s e r vi c e s  t he y r e c e i ve .  
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t i ons  wi l l  pr oduc e  a  r e a l i s t i c  a nd c ompr e he ns i ve  unde r s t a ndi ng of  t he  c ondi t i ons  a nd pos s i bl e  
s ol ut i ons  t o t he  pr obl e ms  of  uni ve r s i t y bui l di ng ma i nt e na nc e  m i n M a l a ys i a . T he  obj e c t i ve s  of  
t hi s  pa pe r  a r e  ( 1)  t o pr ovi de  a n ove r vi e w on ki nd, s i ze  a nd na t ur e  uni ve r s i t y bui l di ng ma i nt e n-
a nc e  i n M a l a ys i a  a nd ( 2)  t o r e por t  pa r t  of  a n ongoi ng r e s e a r c h on t he  de ve l opme nt  of  ma i nt e n-
a nc e  ma na ge me nt  mode l  f or  M a l a ys i a n uni ve r s i t y bui l di ngs .  
 
2 T HEORET ICAL FRAM EW ORK  
Educ a t i on i s  ve r y s i gni f i c a nt  a nd i nt e gr a l  pa r t  of  t he  M a l a ys i a n St r a t e gi c  T hr us t . T he  e c onomy 
of  M a l a ys i a  ha s  s i nc e  t he  i nde pe nde nc e  be e n pl a nne d on f i ve  ye a r s  s t r a t e gi c  pl a ns . For  e a c h of  
t he  pl a ns , e duc a t i on s e c t or  f e a t ur e  pr omi ne nt l y i n t e r ms  of  va l ue  a nd pol i c y i mpl e me nt a t i ons . 
T he r e  i s  a n i nc r e me nt  of  mor e  t ha n 420%  on a l l oc a t i on t o t he  e duc a t i on s e c t or  f or  t he  l a s t  20 
ye a r s . Se e  T a bl e  1 f or  t he  f e de r a l  de ve l opme nt  a l l oc a t i ons  t o e duc a t i on s e c t or  f r om 1990 t o 
2010. T he  i nc r e a s e  i n t he  a l l oc a t i ons  i s  a  pr oof  of  t he  Gove r nme nt ’ s  c ommi t me nt s  t o i mpr ove  
t he  pe r f or ma nc e  of  t he  e duc a t i on s ys t e m i n or de r  t o pr oduc e  huma n c a pi t a l  wi t h hi gh qua l i t y 
c a pa bl e  of  c ompe t i ng l oc a l l y a nd i nt e r na t i ona l l y ( M i ni s t r y of  Hi ghe r  Educ a t i on, 2006) . Al l oc a -
t i on t o hi ghe r  i ns t i t ut i ons  of  l e a r ni ng c ons t i t ut e  2.1%  of  t he  GDP ( M i ni s t r y of  Hi ghe r  Educ a -
t i on, 2006)  
 
T a b le  1 : D e ve lo p me nt a llo c a tio ns fo r  the  e d uc a tio na l a nd  tr a ining se c to r s 
( RM  M illio n )  
Se c to r s 6 M P  7 M P  8 M P  9 M P  
E d uc a tio n  7 , 4 6 9 . 8  1 7 , 9 4 8 . 5  1 8 , 6 6 0  4 0 , 3 5 6 . 5  
T r a ining  6 1 5 . 4  2 , 2 3 7 . 3  4 , 0 0 0  4 , 7 9 2 . 6  
T o ta l  8 , 6 2 5 . 2  2 0 , 1 8 5 . 8  2 2 , 6 6 0  4 5 , 1 4 9 . 1  
 ( G o ve r nme nt o f M a la ysia ,  1 9 9 6 ,  2 0 0 1  a nd  2 0 0 6 )  
 
T he  i nc r e a s e  i n t he  a l l oc a t i ons  t o t he  e duc a t i on s e c t or  i s  a t  a l l  l e ve l s . For  i ns t a nc e , unde r  t he  
Ei ght h M a l a ys i a n Pl a n, t he  s um of  RM 8, 900 mi l l i on wa s  a l l oc a t e d t o i ns t i t ut i ons  of  hi ghe r  
l e a r ni ng out  of  t he  RM 18, 660 mi l l i on a l l oc a t e d t o t he  e duc a t i on s e c t or  ( Gove r nme nt  of  M a l a y-
s i a , 2001)  whi l e  unde r  t he  Ni nt h M a l a ys i a n Pl a n, a l l oc a t i on t o i ns t i t ut i ons  of  hi ghe r  l e a r ni ng 
wa s  i nc r e a s e d t o RM 16, 069 mi l l i on ( Gove r nme nt  of  M a l a ys i a , 2006) . T hi s  r e pr e s e nt s  a n i n-
c r e me nt  of  mor e  t ha n 80% . As  a  pe r c e nt a ge  of  t ot a l  publ i c  e xpe ndi t ur e , 4.4%  wa s  a t t r i but a bl e  
t o hi ghe r  e duc a t i on. Se e  T a bl e  2 f or  t he  di s t r i but i ons  of  gove r nme nt  e xpe ndi t ur e  t o hi ghe r  e du-
c a t i on ove r  a  pe r i od of  f i ve  ye a r s . 
 
 
T a b le  2 : P ub lic  highe r  e d uc a tio n institutio ns e xp e nd itur e s ( 2 0 0 1 -2 0 0 5 )  ( millio n)  
Y e a r   2 0 0 1  2 0 0 2  2 0 0 3  2 0 0 4  2 0 0 5  
O p e r a ting 
e xp e nd itur e   2 , 7 4 8 . 0  3 , 8 1 1 . 5  4 , 0 0 1 . 9  4 , 3 9 8 . 9  4 , 7 7 3 . 2  
D e ve lo p me nt 
e xp e n d itur e   1 , 6 1 6 . 8  1 , 9 6 8 . 9  2 , 0 5 2 . 2  8 7 0 , 1 7 7  1 , 3 1 6 . 2  
( M O H E ,  2 0 0 6 )  
 
M a l a ys i a  i s  now a n e duc a t i ona l  de s t i na t i on t o na t i ona l s  f r om di f f e r e nt  c ount r i e s  pa r t i c ul a r l y 
t hos e  f r om Af r i c a , Pa c i f i c  a nd M i ddl e  Ea s t . M a l a ys i a ’ s  que s t  t o t r a ns f or m i nt o knowl e dge  
ba s e d e c onomy ( K -e c onomy)  whe r e  s c i e nc e , t e c hnol ogy, a nd e ngi ne e r i ng a r e  i nt e gr a t e d i nt o 
t he  pr oduc t i on pr oc e s s  a nd whe r e  c r e a t i vi t y, i ma gi na t i on, a nd de s i gn c a pa bi l i t y a r e  e mbodi e d i n 
we l l -e duc a t e d s ki l l e d wor ke r s  a r e  t he  ma i n s our c e  of  na t i ona l  pr os pe r i t y a nd we a l t h i s  not  c om-
pr omi s e -a bl e  ( Gove r nme nt  of  M a l a ys i a , 2006) . In or de r  t o a c hi e ve  t hi s  obj e c t i ve  howe ve r , t he  
a s s e t s  of  t he  uni ve r s i t i e s  mus t  be  a de qua t e . T hi s  i nvol ve s  i mpr ovi ng t he  pe r f or ma nc e  of  t he  
uni ve r s i t y s ys t e ms , i n t e r ms  of  me t hods  of  t e a c hi ng, l e a r ni ng, r e s e a r c hi ng a nd t he  phys i c a l  i n-
f r a s t r uc t ur e s  ( bui l di ngs  a nd e ngi ne e r i ng s e r vi c e s ) .  Re c e nt  s t udi e s  ( Hous l e y, 1997;  Fl e mi ng a nd 
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St or r , 1999;  Ama r a t unga  a nd Ba l dr y, 2000;  Pr i c e , M a t zdor f , Smi t h a nd Aga hi , 2003;  Gr e e n a nd 
T ur r e l l , 2005;  Le ung a nd Fung, 2005;  W ong, Fe l l ows  a nd Li u, 2007;  Fi a nc hi ni , 2007 a nd La vy 
a nd Bi l bo, 2009)  ha ve  a f f i r me d t he  pos i t i ve  c or r e l a t i ons  be t we e n pe r f or ma nc e  of  e duc a t i ona l  
bui l di ngs  a nd qua l i t y of  e duc a t i on.  
Bui l di ngs  l i ke  ot he r  c a pi t a l  a s s e t s  of  uni ve r s i t y or ga ni za t i on r e qui r e  e f f e c t i ve  a nd e f f i c i e nt  
ma i nt e na nc e . Uni ve r s i t y bui l di ngs  a r e  f a c t or s  of  pr oduc t i on. Uni ve r s i t y bui l di ngs  a r e  pr oc ur e d 
t o c r e a t e  s ui t a bl e , c onduc i ve , a nd a de qua t e  e nvi r onme nt  t ha t  c a n s uppor t , s t i mul a t e  a nd e nc our -
a ge  l e a r ni ng, t e a c hi ng, i nnova t i on a nd r e s e a r c h a c t i vi t i e s . A f a i l ur e  i n t he  s uppl y of  t he s e  e s s e n-
t i a l  s e r vi c e s  i s  a  l os s  i n va l ue  t o t he  uni ve r s i t y i ns t i t ut i on, t he  c ommuni t y, t he  s t ude nt s , s t a f f s  
a nd ot he r  s t a ke hol de r s . Cons t r uc t i on of  ne w uni ve r s i t y bui l di ngs  he l p t o upgr a di ng e duc a t i ona l  
f a c i l i t i e s  a nd pr ovi di ng be t t e r  qua l i t y of  e duc a t i on, but  i t  i s  ut mos t  ne c e s s a r y t o ma i nt a i n t he  e x-
i s t i ng bui l di ng t o a c c e pt a bl e  pe r f or ma nc e  s t a nda r d t ha t  i s  c a pa bl e  of  f a c i l i t a t i ng t he  t r a ns f e r  f or  
knowl e dge  a nd c a r r y out  ot he r  a c a de mi c  a c t i vi t i e s . T he  c os t  of  t he  pr ope r t y f unc t i on i n c ompa r -
i s on wi t h t ur nove r  of  uni ve r s i t y i ns t i t ut i on r a nge d f r om 8%  t o 11%  ( Hous l e y, 1997) . Sol ut i ons  
t o na t i on's  e c onomi c , s oc i a l , s c i e nt i f i c  a nd t e c hnol ogi c a l  woe s  l i ve  wi t hi n t he  wa l l s  of  f unc t i on-
a l  c l a s s r ooms , wor ks hop, t he a t r e s  a nd l a bor a t or i e s . As  a  r e s ul t , uni ve r s i t i e s  t he s e  da ys  us e  t he  
na t ur e , de s i gn a nd c ondi t i on of  t he i r  bui l di ngs  t o woo s t ude nt s . In M a l a ys i a , uni ve r s i t i e s  t ha t  i n 
t he  pa s t  r e l i e d on t he  a ppl i c a t i on s e nt  t o t he m t hr ough t he  M i ni s t r y of  Educ a t i on, know us e d 
t he i r  bui l di ngs  a s  a  va r i a bl e  t o a t t r a c t  s t ude nt s  ( Roha i za t , 2002 a nd Yos uf , Ahma d, T a j udi n a nd 
Ra vi ndr a n, 2008) .  Ar gua bl y, t hi s  i s  a l s o t he  c a s e  e l s e whe r e . T o pr ovi de  qua l i t y e duc a t i on, uni -
ve r s i t y bui l di ngs  ha ve  t o be  we l l  ma i nt a i ne d t o e ns ur e  opt i mum ope r a bl e  pe r f or ma nc e  of  t he  
bui l di ngs . T he r e f or e , a  we l l  ma i nt a i ne d bui l di ng i s  c r i t i c a l  t o de l i ve r i ng uni ve r s i t y c or e  bus i -
ne s s  obj e c t i ve s . 
M a i nt e na nc e  me a ns  di f f e r e nt  t hi ngs  t o di f f e r e nt  pe opl e .  T he  t e r m ha s  be e n de f i ne d a nd r e de -
f i ne d by di f f e r e nt  a ut hor s . Howe ve r , c l e a r l y, t he  va r i ous  de f i ni t i ons  s ugge s t  t ha t  ma i nt e na nc e  
r e vol ve  a r ound bui l di ng c a r e . Ne ve r t he l e s s , a s  a  wor ki ng de f i ni t i on, ma i nt e na nc e  i s  de f i ne d a s  
t he  r e qui r e d pr oc e s s e s  a nd s e r vi c e s  t a ke n t o pr e s e r ve , r e pa i r , pr ot e c t  a nd c a r e  f or  bui l di ng’ s  f a -
br i c  a nd e ngi ne e r i ng s e r vi c e s  a f t e r  c ompl e t i on, r e pa i r , r e f ur bi s hme nt  or  r e pl a c e me nt  t o c ur r e nt  
s t a nda r ds  t o e na bl e  i t  t o s e r ve s  i t s  i nt e nde d f unc t i ons  t hr oughout  i t s  e nt i r e  l i f e  s pa n wi t hout  
dr a s t i c a l l y ups e t t i ng i t s  ba s i c  f e a t ur e s  a nd us e  ( Ol a nr e wa j u, 2010) . Fr om t hi s  de f i ni t i on, ma i n-
t e na nc e  doe s  not  i nc l ude s  a c t i vi t i e s  l i ke  r e f ur bi s hme nt , a l t e r a t i on, c onve r s i on, e xt e ns i on, a nd 
r e c ons t r uc t i on, but  i t  doe s  i nc l ude s  r e pa i r s , r e ha bi l i t a t i on, r e nova t i on, r e ne wa l , r e s t or a t i on, r e -
f or ma t i on, r e de c or a t i on a nd t he  ge ne r a l  c l e a ni ng a nd s e r vi c e s . M a i nt e na nc e  i s  howe ve r , uni que  
i n t he  bui l di ng l i f e  c yc l e  a s  c ompa r e d t o i ni t i a t i ve s  l i ke  r e f ur bi s hme nt , c onve r s i on a nd e xt e n-
s i on. For  i ns t a nc e , a s  s oon a s  bui l di ng i s  r e f ur bi s he d, c onve r t e d, a l t e r e d, e xt e nde d or  r e c on-
s t r uc t e d, ma i nt e na nc e  s e t  i n, i f  not  e a r l i e r . W hi l e  ma i nt e na nc e  i s  a  mus t  i n a  bui l di ng l i f e  c yc l e , 
ot he r  i ni t i a t i ve s  a r e  us ua l l y one  of f  i f  i t  a l l  t he y a r e  r e qui r e d. Cl i e nt s  c a n de c i de  not  t o r e f ur bi s h 
or  c onve r t  t he i r  bui l di ngs  t hr oughout  t he  bui l di ng’ s  e c onomi c  or  a nd f unc t i ona l  l i f e  s pa n.  
But , t hi s  i s  not  pos s i bl e  wi t h ma i nt e na nc e  s i nc e  bui l di ng c ompone nt s , ma t e r i a l s  or  e ve n de -
s i gn i s  not  ma i nt e na nc e  f r e e  ( s e e  Se e l e y, 1987) . W he r e a s  onl y a bout  5%  of  a  na t i on’ s  bui l di ng 
s t oc ks  a r e  r e f ur bi s he d, c onve r t e d, r e pl a c e d or  a l t e r e d, mor e  t ha t  95%  of  a ny na t i on’ s  bui l di ng 
s t oc ks  mus t  be  ma i nt a i ne d i n a  ye a r  ( Sha h, 2007) . V a l ue  ba s e d ma na ge me nt , on t he  ot he r  ha nd, 
e mpha s i s  on t he  c ol l a bor a t i ve  a ppr oa c h t owa r ds  t he  c r e a t i on of  va l ue  t o t he  s t a ke hol de r s  
( K ni ght , 1997;  M a r t i n a nd Pe t t y 2000 a nd As hwor t h a nd J a me s , 2001) . T hus  t he  e mpha s i s  he r e  
i s  on us e r  va l ue  ma na ge me nt . T he r e f or e  by e xt e ns i on a nd c ombi na t i on, va l ue -ba s e d ma i nt e n-
a nc e  ma na ge me nt  i nvol ve s  t he  a t t a i nme nt  of  ma i nt e na nc e  ne e ds  e f f e c t i ve l y ( s us t a i n us e r  s a t i s -
f a c t i on)  a nd e f f i c i e nt l y ( wi t h opt i mum ma t e r i a l s , l a bour  a nd c os t s ) . Unl i ke  wi t h t he  t r a di t i ona l  
ma na ge me nt  pr i nc i pl e  t ha t  i s  f i xa t e d on c os t  a nd on t he  i nve s t or  i nt e r e s t s  onl y, t he  va l ue -ba s e d 
ma na ge me nt  c ont a i ns  bot h f i na nc i a l  a nd non-f i na nc i a l  me a s ur e  t o me a s ur e  s t r a t e gi c  pe r f or -
ma nc e  a nd doe s  not  l a i d ul t i ma t e  e mpha s i s  on t he  i nve s t or s ’  i nt e r e s t s  r a t he r  t o t he  c ons ume r s  of  
t he  s e r vi c e s  or  a nd pr oduc t s .  
Ba s e d on t he  da t a  obt a i ne d f r om t he  M i ni s t r y of  Hi ghe r  Educ a t i on, i t  s ugge s t s  t ha t  ma i nt e n-
a nc e  e xpe ndi t ur e  ha d e xpa nde d by ne a r l y 85%  f r om 2004 t o 2008. For  i ns t a nc e , e xpe ndi t ur e  on 
ma i nt e na nc e  wa s  ne a r l y 340 mi l l i on i n 2004 whi l e  i t  i nc r e a s e d t o mor e  t ha n 600 mi l l i on i n 
2008 e ve n t hough t he  f i gur e  f or  2008 wa s  a t  J ul y 2008. T he r e f or e  t he  s i ze  a nd s c ope  of  uni ve r -
s i t y bui l di ngs  ma i nt e na nc e  i s  huge  a nd a t  s a me  t i me  i s  on t he  i nc r e a s e . Howe ve r , c ompa r i ng 
t he s e  a mount s  wi t h t he  t ot a l  e xpe ndi t ur e  on e duc a t i on i t  i mpl i e d t he  gove r nme nt  i s  i nve s t i ng 
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r oughl y 1 %  on uni ve r s i t y bui l di ngs  ma i nt e na nc e . T hi s  i s  howe ve r  i na de qua t e , t o me e t  t he  
ma i nt e na nc e . St udi e s  e l s e whe r e  ha ve  s hown t ha t  or ga ni za t i ons  wi l l  r e qui r e  be t we e n 3 a nd f i ve  
e xpe ndi t ur e  of  t he  mone t a r y va l ue  of  t he i r  c a pi t a l  f or  ma i nt e na nc e  ( V a ni e r  2001)  
Int e ns i ve , l i t e r a t ur e  r e vi e w ( Is ha k, 2006;  Za ka r i a , e t  a l ., 2006 a nd Rus l a n, 2007)  ha ve  l e a d t o 
t he  c onc l us i on t ha t  t he  ma i nt e na nc e  pr a c t i c e s  of  t he  uni ve r s i t y bui l di ngs  a r e  c or r e c t i ve , c yc l i c a l  
a nd c ondi t i on ba s e d. Rus l a n ( 2007)  a l s o a f f i r me d t ha t  t he  ma i nt e na nc e  ma na ge me nt  of  uni ve r -
s i t y c a mpus e s  i s  s t i l l  t r a di t i ona l . Cor r e c t i ve  ma i nt e na nc e  i s  f a i l ur e  ba s e d, i t  i s  i ni t i a t e d a f t e r  t he  
bui l di ng a s  f a i l e d a nd i s  i nt e nde d t o r e s t or e  t he  bui l di ng t o i t  or i gi na l  c ondi t i on. T hi s  me t hod i s  
i n mos t  c a s e s  ve r y e xpe ns i ve , a nd us ua l l y l e a ve s  t he  us e r s  l e s s  s a t i s f i e s . Condi t i ona l  ba s e d 
ma i nt e na nc e  i s  a  pr e ve nt i ve  ma i nt e na nc e  i ni t i a t e d a s  a  r e s ul t  of  s ome  knowl e dge  on t he  c ondi -
t i on of  t he  bui l di ng on t he  ba s i s  of  i ns pe c t i on pr i or  t o f a i l ur e . As  l ong a s  t he  pa r a me t e r  of  t he  
bui l di ng whe r e  f ound t o be  wi t hi n s pe c i f i c a t i on, i t  wi l l  be  c ons i de r e d t o be  f i ne  a nd no a c t i on 
wi l l  be  t a ke n. St oc k c ondi t i on a t  be s t  pr ovi de s  onl y a  s na p s hot  of  t he  c ondi t i on of  bui l di ng dur -
i ng t he  i ns pe c t i on pe r i od. It  i s  di f f i c ul t  t o a s s e s s  t he  a mount  of  r i s k pos e d by a n i de nt i f i e d non-
c r i t i c a l  pr obl e m t o f ut ur e  ope r a t i ons  a nd pr oduc t i vi t y ( Re f f a t , Ge r o a nd Pe ng, 2004) . A non-
c r i t i c a l  pr obl e m dur i ng i ns pe c t i on mi ght  de t e r i or a t e  f ur t he r  or  be c ome s  mor e  s e r i ous  dur i ng t he  
a c t ua l  i mpl e me nt a t i on due  t o t i me  l a ps e  a nd e r r or  of  me a s ur e me nt  a s  a  r e s ul t  of  t he  i ns pe c t i ons .  
Howe ve r , a s  a  r e s ul t  of  t he  a dva nc e me nt  i n t e c hnol ogy a nd c ommuni c a t i on br e a kt hr ough 
c onc ur r e nt  wi t h t he  f a i l i ng i n t he  c or r e c t i ve , c yc l i c a l  a nd c ondi t i on ba s e d s t r a t e gi e s , t he  a ppl i -
c a t i on of  pe r f or ma nc e  ba s e d ma i nt e na nc e  ha s  be e n a dvoc a t e d. In t he  pe r f or ma nc e  ba s e d s t r a t e -
gy mode r n e qui pme nt s  a r e  us e d t o moni t or  t he  pe r f or ma nc e  of  bui l di ng e l e me nt s  a nd t he  a s s o-
c i a t e d s e r vi c e s . Howe ve r , t hi s  pr a c t i c e  i s  mor e  s ui t a bl e  f or  t he  ma nuf a c t ur i ng i ndus t r y a s  
c ompa r e  t o t he  c ons t r uc t i on i ndus t r y. Al t hough i t  i s  a l s o s ui t a bl e  f or  s ome  s pe c i a l i ze d bui l di ng 
e l e me nt s  ( Edwa r ds , Hol t  a nd Ha r r i s , 1998)  a nd e ngi ne e r i ng s e r vi c e s . For  i ns t a nc e  i t  i s  pos s i bl e  
t o e mbe dde d s e ns or s  t ha t  i nc or por a t e  wi r e l e s s  t e c hnol ogy i nt o a  r a nge  of  bui l di ng c ompone nt s . 
Howe ve r , t hi s  ha s  gr e a t  l i mi t a t i on e s pe c i a l l y i n bui l di ng f a br i c s  whe r e  t he  a ppl i c a t i ons  of  ma -
t he ma t i c a l  mode l s  pr ove  una bl e  t o c ope  wi t h t he  c ompl e xi t y of  a  r e a l  l i f e  s i t ua t i on ( Ume a di  a nd 
J one s , 2003) . It  i s  a l s o ve r y e xpe ns i ve  t o i ns t a l l  mos t  of  t he  s ophi s t i c a t e d t ool s  on mos t  bui l d-
i ngs  c ompone nt s  a nd s ys t e ms .  
T he r e f or e , i n mos t  non-ma nuf a c t ur i ng i ndus t r i e s , l i ke  t he  bui l di ng i ndus t r y i t  us e s  i s  of t e n 
l i mi t e d t o t he  hi gh-t e c h e l e c t r i c a l  f i t t i ngs , a ppl i a nc e s  a nd me c ha ni c a l  c ompone nt s . Fr om t he  
f or e goi ng, i t  i s  c onc l ude d t ha t  none  of  t he  c ur r e nt  ma i nt e na nc e  ma na ge me nt  pr a c t i c e s  i s  wi t h-
out  f l a ws  a nd me r i t s . Cor r obor a t i ng, t hi s  vi e w, Lof s t e n ( 2000) , hi ghl i ght e d t ha t  e ve n t he  c or r e c -
t i ve  ma i nt e na nc e  c a nnot  be  e nt i r e l y a voi de d i n a ny or ga ni za t i on’ s  ma i nt e na nc e  pol i c y. Howe v-
e r , i t  i s  a l mos t  unl i ke l y t ha t  a  c ompl e t e  s ol ut i on c a n be  i de nt i f i e d wi t hout  a n i nc r e a s e  i n 
a l l oc a t i on t o t he  ma i nt e na nc e  s e c t or , but  i t  i s  ve r y muc h pos s i bl e  t o i mpr ove  t he  s i t ua t i on by 
e ns ur i ng t ha t  t he  be s t  s ol ut i on i n t he  ma i nt e na nc e  pr ogr a mme  i s  i nt r oduc e d t hough t he  de ve l -
opme nt  of  de c i s i on ma ki ng mode l .   T hi s  i s  pr oba bl y t he  onl y pr a c t i c a l  me a ns  of  a c hi e vi ng be s t  
ma i nt e na nc e  pr a c t i c e s  ( She r wi n, 2002) .T hi s  i s  be c a us e ;  pr obl e m of  i na de qua t e  e xpe ndi t ur e  i s  
not  pe c ul i a r  t o M a l a ys i a  ( Se e l e y, 1987 a nd She n, Lo a nd W a ng, 1998) .  It  i s  c ont e nde d t ha t  a c -
t i ve  pur s ui t  of  t he  de ve l opme nt  of  i ni t i a t i ve s  on ma i nt e na nc e  ma na ge me nt  pr a c t i c e s  wi l l  ke e p 
us  ne a r e r  t he  movi ng t a r ge t . T he r e f or e , a  good s ol ut i on t o t hi s  i s  t he  de ve l opme nt  M a i nt e na nc e  
ma na ge me nt  mode l  i s  e s s e nt i a l  t o e ns ur e  c ont r ol , ga i n knowl e dge  a nd i mpr ove  de c i s i on ma k-
i ng. M ode l  t r i gge r  pr oa c t i ve  de c i s i on ma ki ng pr oc e s s e s . Fr a me wor k i s  r e qui r e d i n or de r  t o a l i gn 
ma i nt e na nc e  r e s our c e  t o us e r s ’  s a t i s f a c t i ons  a nd t o a l s o a l i gn pe r f or ma nc e  wi t h uni ve r s i t y c or -
por a t e  s t r a t e gy.  
Howe ve r , uni ve r s i t y bui l di ng ma i nt e na nc e  i n M a l a ys i a  l a c k l ogi c a l , hol i s t i c  a nd c ons i s t e nt  
f r a me wor k a s  t he  ke y r e f e r e nc e  poi nt  f or  ma i nt e na nc e  ma na ge me nt  de c i s i ons  ma ki ng a nd a c -
t i ons . In pa r t , t hi s  c onc l us i on i s  dr a wn ba s e d on t he  f a c t  t ha t  a c r os s  t he  whol e  bui l di ng ma i n-
t e na nc e  i n M a l a ys i a  l a c k c ons i s t e nc y a nd s ys t e ma t i c ne s s  ( s e e  a l s o M ye da , K a ma r uzza ma n, Ab-
dul  Sa ma d a nd Za wa wi , 2009 a nd M a r i ni e  a nd Za wa wi , 2009) . T he  s hor t c omi ngs  a nd e ve n t he  
f a i l i ngs  of  t he  c ur r e nt  ma i nt e na nc e  ma na ge me nt  pr oc e s s e s  ha ve  be e n we l l  doc ume nt e d but  t he  
bui l di ng ma i nt e na nc e  ma na ge me nt  s ys t e m c a n onl y be  i mpr ove d wi t h t he  a va i l a bi l i t y of  e f f i -
c i e nt  ma i nt e na nc e  ma na ge me nt  f r a me wor k t ha t  gui de  t he  de c i s i on ma ki ng pr oc e s s e s . M a i nt e n-
a nc e  pe r  s e  c a nnot  be  bl a me d i f  t hi ngs  we nt  wr ong r a t he r  i t  i s  t he  ma na ge me nt  t ha t  i s  r e qui r i ng 
s ome  s t e p c ha nge s . T he  va l ue -ba s e d ma i nt e na nc e  ma na ge me nt  mode l  c ompr i s e s  of  f i ve  i nt e r -
c onne c t e d pha s e s :     
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a . Cr i t e r i a  t ha t  i nf l ue nc e  uni ve r s i t y bui l di ng ma i nt e na nc e  ma na ge me nt   
b. Cr i t e r i a  t ha t  i nf l ue nc e  us e r s ’  s a t i s f a c t i ons  i n uni ve r s i t y bui l di ngs  ma i nt e na nc e  s e r vi c e s  
c . M a i nt e na nc e  r e por t i ng s ys t e m 
d. De f e c t s  i n uni ve r s i t y bui l di ngs   
e . Bui l di ng ma i nt e na nc e  pe r f or ma nc e  ma na ge me nt  f or  uni ve r s i t y or ga ni za t i on  
3 RESULT  OF PRELIM INARY SURV EY  
T he  s ur ve y i nvol ve s  50 e s t a bl i s he d uni ve r s i t i e s  i n M a l a ys i a . T he  a na l ys i s  of  t hi r t y t wo r e t ur ne d 
que s t i onna i r e s  we r e  r e por t e d i n t hi s  pa pe r . T he  s ur ve y wa s  di r e c t e d t owa r ds  t he  s e ni or  ma n-
a ge me nt  s t a f f  ( i .e . t hos e  c onc e r ns  wi t h uni ve r s i t y bui l di ng ma i nt e na nc e  ma na ge me nt . T he  s ur -
ve y r e ve a l e d t ha t  mos t  of  t he  r e s ponde nt s  hol d s t r a t e gi c  pos i t i on. Ne a r l y, 32%  of  t he  r e s pon-
de nt s  we r e  a c t ua l l y ma i nt e na nc e  ma na ge r s  whi l e  a bout  19%  we r e  f a c i l i t i e s  ma na ge r s  ( T a bl e  3) . 
Subs t a nt i a l  pa t s  of  t he  “ ot he r ”  a r e  di r e c t or  of  de ve l opme nt  or  a nd ma i nt e na nc e  “ e xe c ut i ve ”  
( t hi s  i s  a not he r  t i t l e  /  t e r m f or  ma i nt e na nc e  ma na ge r ) . T he s e  ba c kgr ounds  pr ovi de  t he  r e s pon-
de nt s  wi t h wi de  e xpe r i e nc e  c a pa bl e  of  pr ovi di ng i nde pe nde nt  opi ni on on i nf or ma t i on t ha t  we r e  
a ddr e s s e d t o t he m. Fr om t he  a na l ys i s  of  t he  s ur ve y, 52%  of  t he  uni ve r s i t i e s  s pe nt  l e s s  t ha n 10 
mi l l i on e a c h on ma i nt e na nc e  a nnua l l y whi l e  a bout  10%  s pe nt  a bout  30 mi l l i on e a c h on ma i n-
t e na nc e  pe r  a nnum. Si mi l a r l y, a bout  22%  of  t he  s ur ve y uni ve r s i t i e s  oc c upi e d l e s s  t ha n 280, 000 
m 2 bui l t  up a r e a  whi l e  mor e  t ha n 40%  oc c upi e d mor e  t ha n 1, 400, 000 m 2  bui l t  up a r e a . M a j or i -
t y ( 42% )  of  t he  bui l di ngs  we r e  a bout  15 ye a r s  ol d whi l e  onl y a bout  10%  we r e  be t we e n 30 t o 50 
ye a r s  ol d. Fr om, t hi s  i t  c oul d be  i nf e r r e d t ha t  mos t  of  t he  uni ve r s i t y bui l di ngs  we r e  not  t ha t  ol d 
pe r  s e e  ye t  c ons i de r a bl e  a mount  of  mone y i s  i nve s t e d f or  t he  ma i nt e na nc e  a l be i t  t he r e  a r e  c on-
s i de r a bl e  c ompl a i nt s  a bout  uni ve r s i t y ma i nt e na nc e  pr a c t i c e s . T hus  t he  i s s ue  t he n i s  wi t h t he  
ma i nt e na nc e  pr a c t i c e . 
In r e l a t i on t o t he  ma i nt e na nc e  pr a c t i c e  i n t he  Uni t e d K i ngdom, Se e l e y ( 1987)  a l s o poi nt e d 
out  t ha t , t hough a va i l a bl e  mone y t ha t  i s  us ua l l y a l l oc a t e d f or  ma i nt e na nc e  mi ght  not  be  e nough, 
but  wi t h e f f e c t i ve  ma i nt e na nc e  pr a c t i c e s  muc h c a n be  done  t o i mpr ove  t he  bui l di ng pe r f or -
ma nc e . In f a c t , i t  i s  obvi ous  t ha t  wi t h e ve r  i nc r e a s e  ma i nt e na nc e  ne e d, t he  mone y t ha t  wi l l  be  
a l l oc a t e d t o ma i nt e na nc e  wi l l  not  be  a de qua t e  t o c a t e r  f or  t he  ma i nt e na nc e  ne e d. Fr om t he  s ur -
ve y, 4.5%  of  t he  ma i nt e na nc e  or ga ni za t i ons  be l i e ve  t ha t  t he i r  c us t ome r s  ( us e r s )  a r e  e xt r e me l y 
s a t i s f i e d wi t h t he  s e r vi c e s  pr ovi de d. About  5%  do not  know how s a t i s f i e d we r e  t he i r  c us t ome r s  
e ve n t hough ma j or i t y ( 77.3% )  be l i e ve  t ha t  t he i r  c us t ome r s  we r e  onl y s a t i s f i e d wi t h t he  s e r vi c e  
be e n pr ovi de d wi t h ( T a bl e  4) . Howe ve r , t hi s  ne e ds  t o be  i nve s t i ga t e d t hr ough que s t i oni ng t he  
us e r s ’  opi ni ons , t hi s  wi l l  i nvol ve  c onduc t i ng a  s t udy whe r e by que s t i ons  wi l l  be  a ddr e s s e d t o t he  
us e r s  t he ms e l ve s  ( c ur r e nt l y, a  s ur ve y i s  ongoi ng t o a c hi e ve  t hi s  obj e c t i ve ;  t he  r e s ul t  of  whi c h 
wi l l  a l s o be  publ i s he d e l s e whe r e ) . Inf or ma t i on r e c e i ve s , wi l l  be  c ompa r e d wi t h t he  opi ni on of  
t he  ma i nt e na nc e  or ga ni za t i ons . Howe ve r , a va i l a bl e  l i t e r a t ur e  poi nt  t o t ha t  f a c t , t ha t  us e r s  we r e  
not  ve r y s a t i s f i e d wi t h t he  pe r f or ma nc e  a nd c ondi t i on of  t he  bui l di ngs  a nd i n f a c t , wi t h t he  
ma i nt e na nc e  or ga ni za t i ons . 
 
T a b le 3  Re sp o nd e nt’s c ur r e nt p o sitio n 
P o sitio n  Fr e q ue nc y  P e r c e nta ge  
Fa c ility ma na ge r   6  1 8 . 8  
M a inte na nc e  ma na ge r  1 0  3 1 . 2  
G e ne r a l ma na ge r  2  6 . 2  
Ad ministr a tio n ma na ge r  1  3 . 1  
O the r  1 3  4 0 . 6  
T o ta l  3 2  1 0 0  
So ur c e : ( P r ima r y sur ve y,  2 0 0 9 )  
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 T a b le  4  Le ve l o f use r s’ sa tisfa c tio ns with se r vic e  d e live r y 
Le ve l O f Sa tisfa c tio ns Fr e q ue nc y P e r c e nta ge  
E xtr e me ly sa tisfie d  1  4 . 5  
V e r y sa tisfie d  3  1 3 . 6  
Sa tisfie d  1 7  7 7 . 3  
D o  no t kno w  1  4 . 5  
T o ta l  2 2  1 0 0  
So ur c e : ( P r ima r y sur ve y,  2 0 0 9 )  
 
M os t  of  t he  uni v e r s i t i e s  e mpl oye d l e s s  t ha n 30 e mpl oye e s  e a c h on f ul l  t i me  ba s i s . Onl y 16%  
of  t he m a c t ua l l y e mpl oye d 140-170 f ul l  t i me  e mpl oye e s  e ve n t hough 6.2%  of  t he  or ga ni za t i on 
ha s  60 – 90 a nd 110m - 140 on t he i r  f ul l  t i me  pa y r ol l s  e a c h. T hi s  f i ndi ng c a n be  i nt e r pr e t e d t o 
me a n, t ha t  mos t  we r e  i n f a vour  of  out s our c i ng t he i r  ma i nt e na nc e  s e r vi c e s . Ne ve r t he l e s s , a not h-
e r  pa r t  of  t he  s ur ve y r e ve a l e d t ha t  66%  pr e f e r  t o c ombi ne  out s our c i ng wi t h i n s our c i ng. M a j or i -
t y ( 46.9% )  of  t he  or ga ni za t i on r a t e  t he i r  c ur r e nt  ma i nt e na nc e  pr a c t i c e s  a s  good whi l e  44%  r a t e d 
t he i r  a s  f a i r l y good. M i ni mum of  6.2%  r a t e d t he i r  a s  ve r y good ( T a bl e  5) . T he r e  i s  di s c r e pa nc y 
wi t h t hi s  f i ndi ng whe n c ompa r e  wi t h t he  f a c t  t ha t  77%  of  t he  ma i nt e na nc e  or ga ni za t i on c l a i me d 
t ha t  t he i r  us e r s  we r e  s a t i s f i e d wi t h t he  s e r vi c e s  qua l i t y. About  53%  of  t he  or ga ni za t i ons  ha ve  
c onduc t e d us e r s ’  s a t i s f a c t i ons  be f or e  whi l e  40%  ha ve  not  but  t he  r e ma i nde r s  do not  know. In 
c a s e , t he  ma i nt e na nc e  or ga ni za t i on r a n i nt o de f i c i t , 61.3%  a ppl y f or  mor e  mone y f r om t he i r  r e -
s pe c t i ve  uni ve r s i t y ma na ge me nt  whi l e  32. 3%  c ut  f r om mone y a l l oc a t e d f or  ot he r  pur pos e . It  i s  
onl y t hr ough us e r  s a t i s f a c t i on e va l ua t i on t ha t  c a n be  ma de . Us e r s  ne e d t o be  que s t i one d on t he  
s e r vi c e s  t he y a r e  pr ovi de d wi t h. T he  f i ndi ngs  of  t he  e va l ua t i on or  s ur ve y s houl d t he  ba s i s  of  a ny 
me a ni ngf ul  or ga ni za t i on ma i nt e na nc e  pe r f or ma nc e  me a s ur e me nt  be nc hma r k.   
 
T a b le  5  H o w o r ga niz a tio n r a te  the ir  c ur r e nt p r a c tic e  
Ra te  Fr e q ue nc y  P e r c e nt  
V e r y go o d  2  6 . 2  
G o o d  1 5  4 6 . 9  
Fa ir ly go o d  1 4  4 3 . 8  
D o  no t kno w  1  3 . 1  
T o ta l  3 2  1 0 0  
So ur c e : ( P r ima r y sur ve y,  2 0 0 9 )  
 
W hi l e  mos t  ( 66% )  of  t he  or ga ni za t i ons  pr e f e r  t o c ombi ne  i n-s our c i ng a nd out s our c i ng, c on-
s i de r a bl e  a mount  ( 22% )  pr e f e r  t o out s our c e  t he i r  s e r vi c e  t o e xt e r na l  s pe c i a l i s t . Fe we r  t ha n 10%  
pr e f e r  t o i n-s our c e  t he i r  ma i nt e na nc e  s e r vi c e s . T hi s  f i ndi ng i s  i n t a nde m, wi t h t he  out c ome  on 
t he  numbe r  of  t he i r  f ul l  t i me  e mpl oye e s . T he s e  t wo f i ndi ngs  onl y poi nt e d t o t he  f a c t  t he , uni -
ve r s i t y or ga ni za t i ons  i n M a l a ys i a  pr e f e r  t o out s our c e  t he i r  ma i nt e na nc e  s e r vi c e s .  Of t e n, uni ve r -
s i t y or ga ni za t i ons  ha ve  f a i l e d t o r e a l i ze  t ha t  ma i nt e na nc e  i s  a l s o pa r t  of  t he i r  c or e  s e r vi c e s . 
Bui l di ng ma i nt e na nc e  i s  ve r y c r i t i c a l  t o t he  s ur vi va l  of  uni ve r s i t y or ga ni za t i ons . St ude nt s  a nd 
f a c ul t y me mbe r s  s pe nd mos t  i f  not  a l l  of  t he i r  pr oduc t i ve  t i me  i n or  a r ound t he  c l a s s r ooms , l a -
bor a t or i e s , or  t he a t r e s  or  a nd t ut or i a l  r ooms . Out s our c i ng ma i nt e na nc e  f unc t i on r e duc e s  ma i n-
t e na nc e  t o c or r e c t i ve  ma i nt e na nc e . T he r e  a r e  a l s o s ome  or ga ni za t i ona l  pol i t i c a l -pr opr i e t a r y da t a  
t ha t  t he  uni ve r s i t y woul d not  l i ke  t o e xpos e  t o e xt e r na l  pa r t i e s . T s a ng ( 2002)  wa r ne d a ga i ns t  or -
ga ni za t i ons  out s our c i ng f a c i l i t a t i ng f unc t i on l i ke  ma i nt e na nc e . He  a l s o c a ut i one d or ga ni za t i ons  
not  t o c ons i de r  out s our c i ng a c t i vi t i e s  t ha t  a r e  c r i t i c a l  t o t he i r  c or e  a c t i vi t i e s . No doubt  bui l di ng 
ma i nt e na nc e  i s  ve r y c r i t i c a l  t o t he  c ont i nuous  e xi s t e nc e  of  a  uni ve r s i t y. Howe ve r , de c i s i ons  on 
wha t  t o out s our c e  s houl d be  ba s e d on obj e c t i ve  a nd qua nt i t a t i ve  f a c t s  e ve n t hough a  s i t ua t i on 
whe r e  a  uni ve r s i t y out s our c e s  s ubs t a nt i a l  pa r t s  of  i t  s e r vi c e  ma y not  be  e nt i r e l y he a l t hy f or  a ny 
or ga ni za t i on. Ac c or di ng t o She r wi n ( 2002) , i t  i s  s t i l l  t oo e a r l y t o s a y out s our c i ng ma i nt e na nc e  
s e r vi c e s  i s  a n a l t e r na t i ve  a ppr oa c h t o ma i nt e na nc e  s e r vi c e  de l i ve r y.  
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Howe ve r , t i me s  ha ve  c ha nge d. It  i s  hi gh t i me , uni ve r s i t y or ga ni za t i ons  a c c e pt  a nd t a ke  c a r e  
of  t he i r  bui l di ngs  ( vi s -à -vi s  t he  ma i nt e na nc e  pr a c t i c e s )  e f f i c i e nt l y. It  i s  no l onge r  a c c e pt a bl e  f or  
uni ve r s i t y t o i nve s t  onl y on i mpr ovi ng me t hods  of  t e a c hi ng a nd l e a r ni ng wi t hout  i mpr ovi ng 
ot he r  a s s e t s . T he y s houl d a l s o i nve s t  on t r a i ni ng t he i r  ma i nt e na nc e  s t a f f e r s  a s  t he y woul d f or  
a c a de mi c  s t a f f s . Subs t a nt i a l  c ommi t me nt  i s  r e qui r e  f or  c ont i nuous  pr of e s s i ona l  pr ogr a mme s  f or  
t he  ma i nt e na nc e  ope r a t i ve s . Af t e r  a l l  e nor mous  r e s our c e s  a r e  c ommi t t e d t o pr oc ur e  t he i r  bui l d-
i ngs . In f a c t , i t  i s  f a i l i ng on t he  pa r t  of  t he  uni ve r s i t y ma na ge me nt  t o c ons i de r  t he  ma na ge me nt  
of  t he i r  bui l di ngs  a s  non-c or e  a c t i vi t i e s . M a i nt e na nc e  i s  a l s o c or e  a c t i vi t y of  t he  uni ve r s i t y or -
ga ni za t i ons , s i nc e  wi t hout  i t  t he  uni ve r s i t y woul d not  s ur vi ve . Uni ve r s i t y mus t  t a ke  c a r e  of  t he i r  
i nt e r r e l a t e d a s s e t s  na me l y;  bui l di ngs , t e c hnol ogy a nd huma n r e s our c e .  Out s our c i ng i f  not  pr op-
e r l y ma na ge d of t e n l e d t o ma i nt e na nc e  ba c kl ogs , unne c e s s a r y i nc r e a s e  on ma i nt e na nc e  c os t . It  
i s  a r gue  he r e  i n t ha t  uni ve r s i t y or ga ni za t i on s houl d not  out s our c e  t he  ma na ge me nt  of  t he i r  
ma i nt e na nc e  s e r vi c e , a l be i t  pa r t  of  t he  ma i nt e na nc e  i mpl e me nt a t i on c oul d be  our -s our c e d whe r e  
e xt r e me l y ne c e s s a r y.  Howe ve r , i t  wi l l  be  mor e  pr of i t a bl e  i f  uni ve r s i t y c oul d i n-hous e  mos t  of  
t he i r  ma i nt e na nc e  s e r vi c e s . Ext e r na l  ma i nt e na nc e  or ga ni za t i on c oul d hol d t he i r  c l i e nt s  t o r a n-
s om. It  a l s o l e a ve s  t he  i n-hous e  ma i nt e na nc e  or ga ni za t i on s t a f f  l e s s  c ompe t e nt  a nd i na c t i ve  due  
t o r e dunda nc y.  
4 CONCLUSIONS 
Bui l di ngs  onl y ha ve  va l ue  i f  t he y c ont i nue  t o pr ovi de  t he  i nt e nde d s e r vi c e s  a de qua t e l y, f a i l ur e  
of  whi c h wi l l  r e nde r  t he  e xi s t e nc e  of  t he  bui l di ng i ns i gni f i c a nt  i f  not  e ve n us e l e s s . T he  c or po-
r a t e  obj e c t i ve s  of  a  uni ve r s i t y pl a c e  bui l di ng pe r f or ma nc e  i n a  s t r a t e gi c  pos i t i on. T he r e f or e , 
ma i nt e na nc e  i s  i ne vi t a bl e , a nd i n or de r  t o i mpr ove  a nd s us t a i n pr oduc t i vi t i e s , s e r vi c e  de l i ve r y 
a nd s a t i s f a c t i on of  t he  us e r s , ma i nt e na nc e  mus t  be  pos i t i ve l y ma na ge d. T he  a na l ys i s  of  t he  s ur -
ve y s uppor t  t he  ma j or  t he me s  of  t he  pa pe r ;  t ha t  uni ve r s i t y bui l di ngs  we r e  not  r e c e i vi ng t he  r e -
qui r e  a t t e nt i on. T he  pa pe r  onl y r e por t  t he  opi ni on of  t he  ma i nt e na nc e  or ga ni za t i ons , but  t he  
f i ndi ngs  r e ve a l e d t ha t  t he  ma i nt e na nc e  or ga ni za t i ons  f e e l  t he  us e r s  a r e  onl y s a t i s f i e d i t  i s  ve r y 
pos s i bl e  t ha t  t he  us e r s  wi l l  r a t e  t he m l ow a nd onl y 2%  of  t he  ma i nt e na nc e  or ga ni za t i on f e e l  t ha t  
t he i r  c ur r e nt  pr a c t i c e  i s  ve r y good. Al l  t hi s  i s  l e a di ng t o t he  f a c t  t ha t  ma i nt e na nc e  ma na ge me nt  
of  t he  uni ve r s i t y bui l di ngs  a r e  not  e f f e c t i ve  a nd e f f i c i e nc y t hus  l e a di ng t o poor  s e r vi c e  de l i ve r y, 
poor  us e r  s a t i s f a c t i on, i nc r e a s e  i n ma i nt e na nc e  ba c kl ogs  a nd i nc r e a s e  i n ma i nt e na nc e  c os t . Uni -
ve r s i t y mus t  be  ve r y c r i t i c a l  of  t he i r  pr oc ur e me nt  s ys t e ms . W ha t  t o out -s our c e  or  i n-hous e  
ne e ds  t o be  l ooke d a t  c r i t i c a l l y be f or e  ma ki ng de c i s i on on t he  de l i ve r y me t hod t o a ppl y a nd on 
wha t  a nd wha t  not  t o out s our c e  a nd t o wha t  e xt e nt  t o out -s our c e . In a ny c a s e , or ga ni za t i on mus t  
not  out s our c e  f a c i l i t a t i ng f unc t i ons  t o t he i r  c or e  bus i ne s s  obj e c t i ve s .  
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1 INTRODUCTION 
Control of thermal inertia during the summer season plays a fundamental role in achieving both 
living comfort and energetic saving within the field of the design of sustainable building con-
structions, especially in Mediterranean regions.  
To this day in fact, the high insulation levels prescribed by existing standards and aimed at 
minimizing winter consumption do not guarantee a similar comfort level (and, hence, similar 
energetic savings) in the summer seasons; in fact, they may lead to situations of  overheating in 
the presence of significant thermal contributions within buildings. This case is anything but iso-
lated if we consider the possibility  that solar radiation hits internal building components 
through the glazed surfaces of envelopes or that inhabitants generate supplementary thermal 
loads such as, for example, those tied to common activities such as cooking or working (illumi-
nation systems and computers, for instance). 
Faced with this scenario, a possible solution consists in the realization of high thermal inertia 
by means of phase change materials (PCM) which operate around comfort temperatures and al-
low energy accumulation at almost constant temperature levels, such that the overheating of 
built elements is avoided.  
This paper reports about fining tune and testing PCM-based slabs capable of coping with the 
thermal comfort problems that normally characterize ‘high insulation’ architecture.  The pro-
posed uses are innovative and they regard both the intrinsic characteristics of PCMs (heat avail-
able when needed, heat stored and emitted at a constant temperature) and the considerable flex-
ibility of use (various strategies can be used at the same time; the quantity of storable heat can 
be changed over time with little impact on the construction). This technology will exploit the la-
tent heat storing property of PCMs in order to optimize the management of thermal flux over-
load in internal environments; typically occurring in mid-seasons. 
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ABSTRACT: Control of thermal inertia during the summer season plays a fundamental role in 
energy efficient building design, especially in Mediterranean regions, where high insulation le-
vels aimed at minimizing winter consumption can lead to situations of overheating in other sea-
sons and nocturnal high temperature do not permit the usage of natural ventilation. A possible 
solution consists in the realization of high thermal inertia by means of phase change materials 
(PCM). This paper reports about fining tune and testing PCM-based slabs integrated with com-
mon radiant comfort systems, hypothesizing the use of water at aqueduct temperature sufficient 
for discharging PCM containing components, rather than cooled fluid. Two technological solu-
tions were designed and analyzed by means of finite element analysis simulation. Two types of 
floor prototypes were then produced: a traditional screed and a dry screed one. The experimen-
tal data confirmed the building element’s high potential and constituted the basis for the re-
search development. 
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The use of PCMs in buildings has been highly investigated in recent years and a quite com-
plete overview of the state of the art can be found in (Zalba et al. 2003) and (Zhang et al. 2007). 
PCMs containing materials were developed as slurries (Schossig et al. 2005) and floor tiles (Lee 
and Hittle 2004). The research was interested initially in supporting heating devices but, in later 
years, many applications of PCM for cooling aims were investigated. The insertion of PCMs in 
buildings’ external envelopes performs well in lowering temperature peaks in internal environ-
ments and shifting their occurrence in time as many studies report (Lemma et al., 2006) (Ahmad 
et al., 2006) (Lemma et al., 2007) (IP et al., 2008) (Miller et al., 2008) (Lazaro et al., 2009). The 
use of PCMs in internal building elements has increased during recent years, when the high lev-
el of insulation contained within building envelopes are making “isolated environments” of  in-
ternal zones and internal thermal dynamics are becoming more relevant than outdoor exchanges. 
A thermally activated PCM containing ceiling panel for application in lightweight and retrofit-
ted buildings has been developed by (Koschenz et al. 2004) and indoor wallboards have been 
analyzed and tested by (Kuznik et al. 2008). In regards to floor elements, a shape-stabilized 
PCM floor was optimized for reducing winter consumptions (Xu et al. 2005) (Zhang et al., 
2006). Finally, (Takeda et al. 2004) and (Nagano et al., 2006) propose the use of PCMs to in-
crease building mass thermal storage and optimize floor supply air conditioning systems. 
In this case, we will deal with the integration of PCMs in common radiant comfort systems, 
hypothesizing the sole use of aqueduct temperature water for discharging PCM containing com-
ponents, rather than cooled fluid. In fact, the application of PCM in internal building compo-
nents requires planning in order to provide strategies for the removal of stored heat as well, in 
order to avoid its being re-emitted within the same spaces. Mediterranean climatic conditions 
make the use of night ventilation ineffective, because of the high nocturnal temperature of out-
door air.  
The first phase consisted in the design of a set of technological solutions and the identifica-
tion and characterization of the technological variables via thermal behavior simulation using 
specific software-based finite element analysis. In a second phase, two floor prototypes based 
on different technological solutions were produced; a traditional mortar screed and a dry screed 
one. The experimental data confirmed the building element’s high potential and constituted the 
basis for the research development.  
2 AN HIGH-TECH COMPONENT 
2.1 Functional model 
The strategy we aimed to pursue was an active type strategy which required the constructive in-
tegration of a number of plant installations (coils capable of containing fluids in movement) in 
order to optimize the loading and discharge phases of the PCM containing components.  
Hypothesizing the detailed functioning of this building technology, it is characterized by two 
principal processes. During the loading process, the insertion in the floor slab of a layer containing 
change phase material that allows the floor to store heat coming from thermal flows due to solar 
radiation and/or internal contribution without the increase of its own temperature (latent heat sto-
rage), thus allowing the reduction of daily temperature peaks on the extrados surface of the same. 
During the discharge process, the thermal energy stored by the PCM during the phase transition is 
released thanks to the cooling of the layer itself by means of the passage of lower temperature flu-
ids which remove the stored heat and avoid re-irradiation within the environment. The convective 
thermal exchange had in the cooling phase will allow the PCM to solidify to prepare for a new fu-
sion cycle. 
In a real context, these two processes are foreseen to occur concurrently and not subsequently.  
In fact, the cooling fluids employed are common liquids circulating in building plants, such as sa-
nitary and aqueduct water. In this way, the system constantly removes energy from the indoor en-
vironment, reducing the thermal load surplus little by little as it accumulates. 
2.2 Technological hypothesis 
From a technological point of view, the integration of the PCM layer and the plant elements fo-
resees the design of opportunely molded elements for housing channeling for the passage of flu-
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ids, in order to also contain the PCM and to favor the thermal exchange between it and the 
channeling. So far we hypothesized deriving our system from common radiant floor systems: 
from a constructive point of view, PCMs was integrated in two different technological typolo-
gies of screed: 
 a traditional mortar screed, incorporating PCMs in the concrete matrix, 
 a dry floor screed, foreseeing the insertion of PCMs in molded elements capable of con-
taining water pipes as well.  
The decision to base this research on radiant floor system technologies was due mainly to 
three factors: 
 the possibility of integrating a sort of system which is quite diffuse for winter use, with 
a further use in other seasons, by simply adding PCMs applications; 
 the possibility of using water from waterworks at its usual temperature, without the 
need for further cooling. In fact, the temperatures (16-20 degrees) are sufficient for the 
solidification of PCMs, thus avoiding further cooling, with all the benefits in terms of 
energetic costs and floor condensation problems; 
 the possibility of foreseeing, in case of heavier thermal loads, its use as a complementa-
ry passive and active system, still providing a reduction of the energetic costs incurred.  
The water used was drawn from the water supply network, at its own temperature, and it was 
subsequently re-used for sanitary use. Daily water consumption models were analyzed, in this 
perspective, for different building typologies, and furnished interesting findings in terms of the 
availability of water availability as a “cooling fluid for PCMs”.           
3 NUMERICAL ANALYSIS 
The models hypothesized were evaluated through numerical analysis, using common finite 
element method software that allowed in-scale simulations of the single built element providing 
detailed data regarding the state of every part of the built component in every instant.  
3.1 Numerical method used 
The enthalpy method (Comini et al, 1974 ) was used in order to simulate the materials’ change 
of phase.  In fact, the comprehension of the phase changing phenomenon requires the analysis 
of the main related processes and, in a macroscopic perspective, heat transfer is the most impor-
tant one; Even if heat transfer becomes more complex in this case because of the sto-
rage/discharging of fusion latent heat in the solid-liquid interface. The enthalpy method uses a 
unique equation for the solution of both solid and liquid domains. It consists in the definition of 
a new variable H(enthalpy) as an integral of the ρc – T curve, and the estimation of the average 
heat capacity values, based on well-known enthalpy properties, solving in this way a non linear 
problem. 
In this case the equation of conservation of energy can be written: 

  

  (1) 
where H is the enthalpy function, or total heat content, that in the case of  an isothermal phase 
changing is defined as:  
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For a  phase changing in a temperature interval from 
fication temperature and Tl the fusion temperature, it becomes: 
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where cf is the specific heat in the freezing interval, 
temperature, not minor than T
By definition we have ρc =


of the PCM, that varies in the temperature domain and it depends 
heat contribute. It can be directly derived from eq
!  
!    "
#$ !  
3.2 Model simulation 
The evaluation of the model hypothesized required the analysis of the thermal performance of 
the two different typologies and a contrast among them, 
ters. A solar radiation-like load was simulated and the water was hypothesized to circulate only 
a set number of hours during the afternoon.
Figure 1. Numerical analysis of a traditional screed with different composition
More specifically, the following design parameters were analyzed in order to evaluate the 
principal functioning methods, starting from the specific boundary conditions: 
• the type of external layers and finishing;
• the solar radiation intensity;
• the water circulation schedule;
• the PCM fusion temperature needed to guarantee proper functioning;
• the quantity of PCMs, in terms of PCM percentage for the traditional screed and in 
terms of  the thickness of the PCM layer for the dry screed one;
Ts to Tl, being respectively T
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The performance evaluation parameter considered was the PCMs’ upper surface temperature 
and its reduction relative to a reference case. 
Numerical results highlighted a great potentiality for these kinds of technologies, with peak 
temperature reduction around 4°C for both the constructive technologies in the cases having 
PCM fusion temperature around 24-28°C (fig. 1). 
4 EXPERIMENTAL ANALYSIS 
4.1 Testing environment 
Numerical results justified and guided an experimental testing, in order to verify the expected 
performances. For each constructive typology, 40x40 cm prototypes were built, both in the 
PCM containing version and in the reference version that is identical to the first except for the 
fact that it is without PCM applications. 
The PCM used was paraffin-based in a granulate form, thus the phase change material was con-
tained within a secondary supporting structure, in this specific case, a natural porous mineral par-
ticle ensured that the PCM, when in the liquid form, did not leak out of the granulate. The result 
was that the bound PCM was always a solid in its macroscopic form. The granulate dimension va-
ried among 1-3 mm.  
The radiant system was made up of with pipes measuring 13 mm as internal diameter and 100 
mm as interaxis and it was connected to the laboratory’s water supply.  
The testing environment was air-conditioned to 25°C and the solar radiation simulated through 
300 W lamps (fig. 2). Temperature and heat flux sensor were placed in the prototypes. Tests were 
conducted with and without water circulation. 
Figure 2. The testing environment  
4.2 PCM containing traditional screed 
For the traditional screed prototype different PCM percentage prototypes were built. A mixture 
workability analysis led to the choice of 40% PCM content for high conductivity mortar 
screeds. 
The test schedule consisted in two main processes:  
 Radiation, through lamps, lasting 6 hours; 
 PCM solidification, through water circulation, lasting 4 hours and starting 1 hour before 
the switching off the artificial lighting (1 hour overlap). 
A comparative reading of the temperature and heat flux graphics (fig. 4) highlights the fea-
ture phases of the prototype’s behavior. The heat storage occurred during the fusion – phase 2;In 
fact, the temperature line varies its inclination and the flux is very high and positive. By com-
paring the PCM prototype with the reference one it becomes evident that in this phase there is a 
reduction of the surface temperatures. In phase 3, the temperature inclination is similar to that in 
phase 1, meaning that the phase change is completed and the screed is now storing sensible heat. 
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Figure 3. Traditional screed prototype cross section  
Figure 4. Experimental data of one of the tests on traditional screed: temperature and heat flux graphs 
The water circulation starts in phase 4, cooling both the prototypes, but as we can see, the 
PCM containing prototype has minor temperature surface range - this is a good comfort feature. 
Note that the water circulation increases the heat flux storing, because the radiation is still ongo-
ing and with the water circulation the temperature difference increases. The collapse of the heat 
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flux, which indicates the end of the heat storage, corresponds to the lamps being switched off 
(thermal load disappears), in phase 5. Finally, the peak temperature reduction appears at around 
2°C on the PCM upper surface and 4°C on the PCM lower surface. 
4.3 PCM containing dry floor layer 
The behavior model of the dry floor layer resulted similar to the traditional one, even if the 
thermal fluxes and effects were minor because of the type of dry screed used; high thermal ca-
pacity that lowers the thermal flux entering in the PCM layer. Note that the temperature peak 
reduction varies between 2-6 degrees, increasing with the thermal loads (see example in fig. 6). 
An interesting result, however, was obtained from the comparison of two subsequent tests, 
the first one with a single lamp for the radiation, the second using two lamps. Figure 5 shows 
that while the energy stored (integral area of the positive heat flux line) changes with the ther-
mal load increasing, the energy delivered by the prototype (not discharged, area of the negative 
part of the line) is constant in the two tests. This means that there are some portions of the proto-
type that cannot be “cooled” by the water circulation and it happens regardless of the variation 
of the load entity and  probably depending on the prototype section geometry, which is the far-
thest from the pipes. This may depend on the low conductivity of the PCM layer (0.2 W(m*K)).   
Figure 5. Dry floor prototype cross section  
Figure 6. Experimental data of two subsequent tests on dry floor: temperature and heat flux graphs 
5 CONCLUSIONS 
This study addresses a research which regards the design of high-tech building components ca-
pable of managing the surplus of thermal loads in indoor environment, through the introduction 
of high thermal inertia. 
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The technology used consists in the application of PCMs in radiant comfort systems compo-
nents, in order to define a latent heat storing/discharging system, to integrate in common heating 
system technologies. Simulations and laboratory tests showed the high potentiality for this kind 
of system, in terms of temperature peak reduction (around 2-4 °C) and energy discharge. Never-
theless, this preliminary study made it clear that the design and optimization of these integrated 
components is a complex process, and the identification of the best quantity, dimension and per-
formance strongly depend on the thermal load entity and on the entire design context (finishing 
features, water circulation schedule and so on). 
In this perspective, a detailed knowledge of the main design parameters’ sensibility to differ-
ent thermal load classes is required, considering parameters such as PCM fusion temperature, 
the possible melting of different PCMs, the PCM layer’s thickness, the diameter of pipes. In 
particular, technological solutions that increase the conductivity of PCM containing layers – 
supporting the heat flux transfer - look very promising.  
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1 INT RODUCT ION 
Bui l di ngs  ha ve  be e n one  of  t he  l a r ge s t  s our c e s  of  e nvi r onme nt a l  de gr a da t i on i n t he  l a s t  de c a de s , 
due  t o r e s our c e  c ons umpt i on, e ne r gy us e  a nd ma t e r i a l  i nvol ve d, not  onl y i n c ons t r uc t i on, but  a l -
s o i n bui l di ng ma i nt e na nc e  dur i ng i t s  us e f ul  l i f e .  
Ac c or di ng t o Ca mpa r i  ( 2006) , Br a zi l  ha s  a  c ons t r uc t i on c ul t ur e  c ha r a c t e r i ze d by t he  us e  of  
r e i nf or c e d c onc r e t e  a s  t he  s t r uc t ur a l  s ys t e m a nd of  t r a di t i ona l  ma s onr y f or  i t s  ve r t i c a l  c l os i ng. 
Conc r e t e  pr e pa r a t i on a nd ma s onr y wa l l s  a t  t he  wor k s i t e  do not  r e qui r e  s ki l l e d l a bor , whi c h i s  
i mpor t a nt  i n Br a zi l  whe r e  t he r e  i s  a n a bunda nc e  of  l a bor . Inde pe nde nt  of  i t s  t e c hni c a l  a nd pl a s -
t i c  qua l i t i e s , r e i nf or c e d c onc r e t e  i s  t he  c he a pe s t  ma t e r i a l  f or  s t r uc t ur a l  us e  a nd ne e ds  ma nua l  
l a bour  a nd c he a p l a bor  t o be  f e a s i bl e , qua l i t i e s  t ha t  a da pt  t o t he  ne e ds  of  a n unde r -de ve l ope d 
c ount r y. 
Re s i due s  a r e  ge ne r a t e d dur i ng t he  bui l di ng c ons t r uc t i on pr oc e s s , by de mol i t i ons  a nd r e s t or a -
t i on. In Br a zi l , 98%  of  t he  j obs  us e  t r a di t i ona l  me t hods . T he  t ypi c a l  r ubbl e , he a vy ma t e r i a l  l e f t  
f r om t he  c ons t r uc t i on, i s  a  gr e a t  pa r t  i n t he  f or m of  mor t a r , a r ound 60%  ( Ca mpa r i  2006) .  
In a  c ount r y l i ke  Br a zi l , wi t h i t s  ma gni t ude , l e ve l  of  de ve l opme nt  a nd r e s our c e s , i t  s e e ms  i n-
e vi t a bl e  t ha t  t he r e  woul d be  a  c ha nge  of  va l ue s  f or  a r c hi t e c t ur e  t o i nc l ude  s us t a i na bi l i t y, be -
c a us e  t he r e  i s  not  s us t a i na bl e  de ve l opme nt  wi t hout  s us t a i na bl e  c ons t r uc t i on. 
T he  f a c t  t ha t  c ons t r uc t i on c ont i nue s  t o us e  pr i mi t i ve  a nd pol l ut i ng me t hods  i ndi c a t e s  t ha t  a  
gr e a t  pa r t  of  t he  pr of e s s i ona l s  c onne c t e d wi t h c i vi l  c ons t r uc t i on a r e  not  f a mi l i a r  wi t h t he  a dva n-
t a ge s  of  i ndus t r i a l i ze d c ons t r uc t i on, a nd a s  s uc h, do not  c ont r i but e  t o t he  a ppe a r a nc e  of  ne w 
t e c hnol ogy r e l a t e d t o a voi d e ne r gy wa s t e  a nd s oi l  pol l ut i on wi t h r e s i due s . 
S u s tain ab le en v iro n men t in  s teel s tru ctu res  an d  in d u s trialized  
in s u latio n s  
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ABST RACT :  T he  c ons t r uc t i on i ndus t r y pl a ys  a n i mpor t a nt  r ol e  i n s us t a i na bl e  de ve l opme nt , 
ma i nl y by t he  i mpa c t s  on e nvi r onme nt a l  i s s ue s . T he  e mpl oyme nt  of  s t e e l  s t r uc t ur e s  a nd i ndu-
s t r i a l i ze d i ns ul a t i ons  i n bui l di ng i s  c ons i de r e d one  of  t he  s us t a i na bl e  a l t e r na t i ve s  f or  c ons t r uc -
t i on. T he  obj e c t i ve  f or  t hi s  r e s e a r c h i s  t o e va l ua t e  how bui l di ngs  wi t h s t e e l  s t r uc t ur e s  a nd i ndu-
s t r i a l i ze d ve r t i c a l  i ns ul a t i ons  c a n c ont r i but e  t o di mi ni s hi ng e nvi r onme nt a l  i mpa c t s . T he  
me t hodol ogy i nc l ude s  a  bi bl i ogr a phi c  r e s e a r c h a bout  t he  ma i n pa r a me t e r s  us e d i n t he  pr oc e s s  of  
s us t a i na bl e  c ons t r uc t i on ma t e r i a l  s e l e c t i on, a nd i nve s t i ga t i on of  t he  pr oduc t i on a nd a ppl i c a t i on 
pr oc e s s e s  of  t he  ma i n ve r t i c a l  i ns ul a t i on pa ne l s  f ound i n Br a zi l . W i t h t he  c ol l e c t e d da t a , a n 
a na l ys i s  wa s  pe r f or me d on t he  e nvi r onme nt a l  i mpl i c a t i ons  f or  t he  us e  of  i ns ul a t i on pa ne l s  a nd 
t he  unpr e pa r e dne s s  of  t he  Br a zi l i a n i ndus t r y i n r e l a t i on t o s us t a i na bi l i t y. Es t a bl i s he d he r e i n a r e  
s ome  s ugge s t i ons  t o a i d t hos e  i nvol ve d i n c i vi l  c ons t r uc t i on i n i nc or por a t i ng e nvi r onme nt a l  s us -
t a i na bi l i t y i n de s i gn of  bui l di ngs  wi t h s t e e l  s t r uc t ur e s .  
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T he  e mpl oyme nt  of  s t e e l  s t r uc t ur e s  a nd i ndus t r i a l i ze d i ns ul a t i ons  i n bui l di ngs  i s  i ndi c a t e d a s  
one  of  t he  s us t a i na bl e  a l t e r na t i ve s  f or  c ons t r uc t i on be c a us e  i t  c ombi ne s  s pe e d, qua l i t y a nd r a -
t i ona l e , a nd r e move s  a n a r r a y of  pr e c a r i ous  a nd pr i mi t i ve  a c t i vi t i e s  f r om t he  wor k s i t e . 
T he  ma j or i t y of  t he  de ve l ope d c ount r i e s  us e  i ndus t r i a l i ze d pa ne l s  f or  ve r t i c a l  c l os i ng of  t he  
c ons t r uc t i on. In t hi s  c a s e , c ons t r uc t or s  pl a n t he  j ob a s  i f  t he y we r e  a s s e mbl e r s , gr oupi ng t he  pa r t  
s uppl i e r s  wi t hi n t he  wor k s i t e  a nd mi ni mi zi ng t he  e nvi r onme nt a l  i mpa c t s . Pr omot i on of  mor e  
i ndus t r i a l i ze d pr a c t i c e s  a nd t e c hni que s  a nd mor e  e f f i c i e nt  ma na ge me nt  of  r e s our c e s  a nd r e s i -
due s  be c ome  t he  c ons t r uc t i on mor e  e nvi r onme nt a l l y s us t a i na bl e . 
T hi s  r e s e a r c h ha d a s  i t s  obj e c t i ve  t o e va l ua t e  how bui l di ngs  wi t h s t e e l  s t r uc t ur e s  a nd i ndu-
s t r i a l i ze d ve r t i c a l  pa ne l s  c a n c ont r i but e  t o t he  l e s s e ni ng of  t he  e nvi r onme nt a l  i mpa c t s  c a us e d by 
Br a zi l i a n c i vi l  c ons t r uc t i on. 
2 M ET HODS AND M AT ERIAL 
T he  f i r s t  s t a ge  of  t he  me t hodol ogy i nvol ve d a  bi bl i ogr a phi c  r e s e a r c h a bout  t he  c r i t e r i a  a dopt e d 
by t he  ma j or  c e r t i f i c a t i ons  of  s us t a i na bl e  pe r f or ma nc e  us e d i n Br a zi l  f or  t he  s e l e c t i on of  ma t e -
r i a l s . T hi s  wa s  done  t o i de nt i f y t he  i s s ue s  a s s oc i a t e d wi t h t he  c r i t e r i a  of  c hoi c e  of  ma t e r i a l s  
f r om t he  pe r s pe c t i ve  of  s us t a i na bi l i t y i n or de r  t o e s t a bl i s h a  r e f e r e nc e  f or  r e s e a r c h on i ndus t r i a l  
pa ne l s  a nd t he  e nvi r onme nt a l  be ne f i t s  whe n t he y a r e  us e d. T he  i nve s t i ga t e d c r i t e r i a  we r e  s t r uc -
t ur e d on t he  r e f e r e nc e s :  Nor t h Ame r i c a n LEED ( Le a de r s hi p i n Ene r gy & Envi r onme nt a l  De -
s i gn)  Ce r t i f i c a t i on, Br a zi l i a n t e c hni c a l  r e f e r e nc e  Aqua  ( Hi gh Envi r onme nt a l  Qua l i t y)  a nd t he  
Br a zi l i a n c e r t i f i c a t i on Sus t e nt a X . 
T he  s e c ond s t a ge  of  t he  me t hodol ogy i nvol ve d i nve s t i ga t i ng t he  pr oduc t i on a nd a ppl i c a t i on 
pr oc e s s e s  of  t he  pr i nc i pa l  t ype s  of  i ndus t r i a l i ze d ve r t i c a l  i ns ul a t i on pa ne l s  a va i l a bl e  i n t he  Br a -
zi l i a n ma r ke t . T he  i nf or ma t i on wa s  obt a i ne d by bi bl i ogr a phi c  r e s e a r c h, vi s i t s  t o f a c t or i e s , a nd 
i nt e r vi e ws  wi t h s uppl i e r s . T he  pa ne l s  a na l yze d we r e :  Pl a s t e r boa r d ( a l s o c a l l e d gyps um boa r d)  
f r om t he  K na uf  c ompa ny, c e me nt  boa r d f r om Br a s i l i t , OSB ( Or i e nt e d St r a nd Boa r d)  pa ne l s  
f r om LP Br a s i l , a nd r e i nf or c e d c onc r e t e  pa ne l s  f r om Pr e mo a nd Pr e c on c ompa ni e s . 
3 RESULT S AND DISCUSSION 
3.1 Criteria for choosing materials for sustainable buildings 
T he  LEED s ys t e m i s  a  Nor t h Ame r i c a n e va l ua t i on mode l  t ha t  wa s  e s t a bl i s he d f or  us e  i n t he  
Uni t e d St a t e s . W hi l e  a da pt a t i ons  of  t hi s  s ys t e m we r e n´t  a ppr ove d i n Br a zi l , LEED i s  be i ng us e d 
a s  a n a uxi l i a r y t ool  f or  de s i gn a nd c e r t i f i c a t i on f or  s us t a i na bl e  bui l di ngs  i n t he  c ount r y ( US 
Gr e e n Bui l di ng Counc i l  2005) .  
AQUA, t he  f i r s t  c e r t i f i c a t i on f or  s us t a i na bl e  c ons t r uc t i on a da pt e d t o t he  Br a zi l i a n r e a l i t y, i s  
i ns pi r e d on t he  Fr e nc h HQE ( Ha ut e  Qua l i t é  Envi r onne me nt a l )  c e r t i f i c a t i on me t hodol ogy. T he  
a da pt a t i on of  t hi s  c e r t i f i c a t i on f or  Br a zi l i a n pa r t i c ul a r i t i e s  wa s  pr e s e nt e d i n 2007, by Funda ç ã o 
V a nzol i ni , a  non-pr of i t  pr i va t e  i ns t i t ut i on. T he  t e c hni c a l  r e f e r e nt i a l  f or  c e r t i f i c a t i on a va i l a bl e  i n 
t he  Br a zi l i a n ve r s i on i s  t he  “ Bui l di ngs  f or  t he  s e r vi c e  s e c t or  – Pr oc e s s  AQUA. Of f i c e s  a nd 
s c hool  bui l di ngs ”  ( Re f e r e nc i a l  2007) . 
T he  Br a zi l i a n c e r t i f i c a t i on Sus t e nt a X , f ur ni s he d by t he  Br a zi l i a n c ompa ny Sus t e nt a X  t ha t  
a na l yze s  pr oduc t s  a c c or di ng t o s us t a i na bl e  s oc i o-e c onomi c  c r i t e r i a , a t t e s t e d qua l i t y, a nd s oc i o-
e nvi r onme nt a l  r e s pons i bi l i t y of  t he  pr oduc e r . T he  c e r t i f i c a t i on i s  c onf e r r e d on pr oduc t s  t ha t  
me e t  t he i r  r e qui r e me nt s  ( Gr upo Sus t e nt a x 2009) . 
T he  r e l a t i ve  c r i t e r i a  f or  c hoi c e  of  c ons t r uc t i on ma t e r i a l  f r om t he  t hr e e  mode l s  of  c e r t i f i c a t i on 
a na l yze d a r e  pr e s e nt e d be l ow:  
− M e e t i ng of  t he  s t a nda r ds  i n vi gor  f or  qua l i t y a nd pr oduc t  s pe c i f i c a t i ons  
− Low e mi s s i on of  vol a t i l e  or ga ni c  c ompounds  ( V OCs )   
− M i ni mum wa t e r  c ons umpt i on 
− Empl oyme nt  of  r e gi ona l  ma t e r i a l  
− T he r ma l  a nd a c ous t i c  i ns ul a t i on  
− Us e  of  non-t oxi c  s our c e s  i n t he  c ompos i t i on of  t he  pr oduc t s  
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− Pr oduc e r ’ s  e nvi r onme nt a l  r e s pons i bi l i t y 
− Re us e  of  r a w ma t e r i a l  
− Sa l ubr i ous ne s s  of  t he  pr oduc t s  
− Us e  of  r e c yc l e d c ont e nt  a nd pos t -c ons ume r  r e c yc l e d c ont e nt   
− Us e  of  c e r t i f i e d wood  
− Us e  of  ma t e r i a l  c l a s s i f i e d a s  r a pi dl y r e ne wa bl e  
− Gr e a t  dur a bi l i t y, a da pt a bi l i t y, di s mount a bi l i t y a nd pot e nt i a l  of  r e us e  
− Ea s y ma i nt e na nc e  a nd c ons e r va t i on  
− Di mi ni s hme nt  of  t he  s oc i o-e nvi r onme nt a l  i mpa c t s  c a us e d by c ons t r uc t i on 
− Opt i mi za t i on of  t he  ma na ge me nt  c ons t r uc t i on r e s i dua l s  – mi ni mi za t i on of  r e s i dua l  pr o-
duc t i on a nd r e c yc l i ng or  r e ut i l i za t i on of  t he  ma t e r i a l  
− Re duc t i on of   t he  a nnoya nc e s , pol l ut i on a nd r e s our c e  c ons umpt i on a t  t he  wor k s i t e  
For  t he  a na l ys e s  of  t he  pr i nc i pa l  i ndus t r i a l i ze d ve r t i c a l  pa ne l s  e xi s t e nt  i n t he  Br a zi l i a n ma r -
ke t , t he  f ol l owi ng a s pe c t s  we r e  i nve s t i ga t e d:  pr oduc t i on pr oc e s s , e nvi r onme nt a l  i mpa c t , c ompo-
s i t i on, c e r t i f i e d qua l i t y pr oduc t i on pr ogr a m, e xi s t i ng pr oduc t i on s t a nda r ds , f l e xi bi l i t y a nd po-
t e nt i a l  f or  r e us e , f ur ni s he d di me ns i ons , t he r ma l  a nd a c ous t i c  i ns ul a t i on, f i ni s hi ng pos s i bi l i t i e s , 
l oc a l  e xt r a c t i on of  r a w ma t e r i a l , pl a nt  l oc a l i za t i on a nd di s t a nc e  f r om t he  pl a c e  of  r a w ma t e r i a l  
e xt r a c t i on, or i gi n of  t he  ot he r  c ompone nt s , r e c yc l e d c ont e nt  f r om t he  pl a nt  a nd pos t -c ons ume r , 
pr oduc t i on r e s i dua l s , dur a bi l i t y, ma i nt e na nc e , ma t e r i a l  t oxi c i t y, a s s e mbl y a nd t r a ns por t  t o t he  
wor k s i t e , a nd f i na l l y, t he  a mount  of  wa t e r  a nd e ne r gy us e d i n pr oduc t i on. Be s i de s  t hi s  da t a , t he  
s pe c i f i c  a dva nt a ge s  a nd di s a dva nt a ge s  i n t he  ut i l i za t i on of  e a c h pa ne l  we r e  s t udi e d. 
3.2 Analysis of industrialized vertical panels –Plasterboard 
T he  pl a s t e r boa r ds  a r e  us e d a s  pa r t  of  t he  s ys t e m Dr ywa l l , s ui t a bl e  f or  f e nc i ng ve r t i c a l  i ndoor s  
a nd l ow-humi di t y s pa c e s  of  bui l di ngs . Dr ywa l l  a r e  l i ght we i ght  c l os i ngs  a nd do not  ha ve  a  s t r uc -
t ur a l  f unc t i on. T he y a r e  c ompos e d of  a  r i gi d s t r uc t ur e  f r om by ga l va ni ze d s t e e l  f r a me  t o whi c h 
a r e  bol t e d one  or  mor e  pa ne l s  on bot h s i de s . T he  s t e e l  s t r uc t ur e  i s  f i xe d t o e xi s t i ng c ons t r uc t i on 
e l e me nt s . Be s i de s  t he  pa ne l  a nd t he  s t r uc t ur e , s c r e ws , j oi nt i ng pr oduc t s , t a pe s  a nd me t a l  a c c e s -
s or i e s  a r e  ne c e s s a r y f or  i ns t a l l a t i on. 
Ca l c i um s ul f a t e , t he  pr i nc i pa l  r a w ma t e r i a l , i s  e xt r a c t e d i n mi ne s  a nd t r a ns por t e d by t r uc k t o 
t he  f a c t or y. T he  mi ne r a l  i s  f e d i nt o a n i mpa c t  c r us he r  t ha t  r e duc e s  i s  s i ze . Af t e r wa r ds , i t  goe s  
t hr ough a  gr i ndi ng a nd c a l c i na t i ons  s t a ge , whe r e  i t  l os e s  75%  of  i t s  wa t e r , a nd be c ome s  a  
powde r  known a s  pl a s t e r . It  i s  t he n mi xe d wi t h wa t e r  a nd a ddi t i ve s , f or mi ng a  pa s t e  t ha t  i s  f e d 
be t we e n t wo s he e t s  of  r e c yc l e d pa pe r  i n a  c ont i nuous  r ol l i ng pr oc e s s . Fi na l l y, t he  pa ne l s  a r e  
dr i e d, c ut  a nd s a nde d. T he  whol e  pr oc e dur e  i s  hi ghl y a ut oma t i c . Dur i ng t he  pr oduc t i on pr oc e s s , 
t he  f a c t or y l i be r a t e s  wa t e r  va por  i nt o t he  a t mos phe r e ;  a  r e s ul t  of  t he  dr yi ng pr oc e s s . Al s o, t he r e  
i s  a  s ma l l  a mount  of  pr oduc t i on r e s i due s  t ha t  c a n be  r e c yc l e d. T he  gr e a t e s t  e nvi r onme nt a l  i m-
pa c t  oc c ur s  i n t he  r a w ma t e r i a l  e xt r a c t i on pr oc e s s  a nd i n t he  t r a ns por t  t o t he  f a c t or y. 
In t he  pos t -c ons ume r  r e c yc l i ng of  t he  pl a s t e r boa r d, t he  pa ne l s  s houl d be  s e pa r a t e d f r om t he  
ot he r  ma t e r i a l  a nd s t or e d i n a  dr y pl a c e . T he  r e s i dua l s  s houl d be  di r e c t e d t o t he  s or t i ng a nd di s -
t r i but i on a r e a s  t ha t  us e  t he  ma t e r i a l  a ga i n i n t he  pr oduc t i on c ha i n. T he r e  a r e  a t  l e a s t  t hr e e  wa ys  
t o r e us e  a nd r e c yc l e  t he  ma t e r i a l :  a )  i n t he  c e me nt  i ndus t r y – t he  pl a s t e r  i s  a  ne c e s s a r y ma t e r i a l  
t ha t  a c t s  a s  a  s e t t i ng r e t a r da nt  f or  t he  c e me nt ;  b)  i n t he  a gr i c ul t ur a l  s e c t or  – t he  pl a s t e r  i s  us e d 
a s  a n a c i d c or r e c t or  f or  s oi l ;  a nd c )  i n t he  pl a s t e r  i ndus t r y – t he  pr oduc t i on pr oc e s s  f or  i t  c a n 
r e i nc or por a t e  i t s  r e s i dua l s  ( Dr ywa l l  2009) . Cons i de r i ng t he  K na uf  pl a s t e r boa r d pa ne l s  t he  pr i n-
c i pa l  c ha r a c t e r i s t i c s  a r e  pr e s e nt e d be l ow:  
− Us a ge  l i mi t a t i on:  ut i l i ze d i n i nt e r na l  a r e a s ;  wi t hout  a  s t r uc t ur a l  f unc t i on. 
− Compos i t i on:  c a l c i um s ul f a t e  ( gyps um) , r e c yc l e d pa pe r , wa t e r  a nd a ddi t i ve s  ( l i qui f i e r , 
s t a r c h, f oa mi ng a ge nt s , di s pe r s a nt s , e t c .) . 
− Qua l i t y c ont r ol  pr ogr a ms :  SPQ-Dr ywa l l  ( Se c t or i a l  Pr ogr a m f or  Dr ywa l l  Qua l i t y) , ISO 
9001: 2000- Qua l i t y ma na ge me nt  s ys t e ms -Re qui r e me nt s . 
− Pr oduc t i on s t a nda r ds :  NBR 14715: 2001 – Pl a s t e r boa r d- r e qui s i t e s ;  NBR 14716: 2001 – 
Pl a s t e r -boa r d– V e r i f i c a t i on of  ge ome t r i c  c ha r a c t e r i s t i c s ;  a nd NBR 14717: 2001 – Pl a s t e r -
boa r d – De t e r mi na t i on of  phys i c a l  c ha r a c t e r i s t i c s . 
− Fl e xi bi l i t y a nd r e ut i l i za t i on:  t he  dr ywa l l  s ys t e m c a n e a s i l y be  mount e d a nd di s mount e d, 
a nd c a n be  r e ut i l i ze d. 
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− Us e d di me ns i ons :  wi dt h- 1.20 m a nd 0.6 m;  l e ngt h- va r i e s  f r om 1.8 m t o 3.6 m;  t hi c kne s s - 
9.5 mm, 12.5 mm a nd 15.0 mm. 
− T he r ma l  i ns ul a t i on:  t he r ma l  c onduc t i vi t y of  0.16 kc a l / h.m² .º C. 
− Ac ous t i c  i ns ul a t i on:  35 t o 37 dB ( f r a me  s t r uc t ur e  of  48 mm a nd 2 pa ne l s  of  12.5 mm) . 
− Fi ni s hi ng:  a c c e pt s  a ny ki nd of  f i ni s hi ng. 
− Loc a t i on of  t he  pr i nc i pa l  r a w ma t e r i a l  e xt r a c t i on:  Ar a r i pi na - Pe r na mbuc o. 
− Pl a nt  l oc a l i za t i on/ di s t a nc e  f r om r a w ma t e r i a l  s our c e :  i ndus t r i a l  di s t r i c t  of  Que i ma dos - Ri o 
de  J a ne i r o/  2.150 km. 
− Compone nt s  a nd or i gi n:  r e c yc l e d pa pe r - Ge r ma ny;  s t a r c h- M i na s  Ge r a i s ;  a nd l i qui f i e r - 
Sã o Pa ul o. 
− Re c yc l e d c ont e nt s  f r om pr oduc t i on a nd pos t -c ons ume r :  t he  pa pe r  i s  r e c yc l a bl e - i t  ma ke s  
up a r ound 0.5%  of  t he  t ot a l  we i ght  of  t he  pr oduc t . T he  pl a s t e r , i n pos t  c ons ume r  i s  100%  
r e c yc l a bl e . 
− Pr oduc t i on wa s t e :  s ma l l  a mount  of  pr oduc t i on r e s i dua l s ;  a  good pa r t  i s  r e c yc l a bl e . T he  
wa t e r  ut i l i ze d i n t he  pr oc e s s  i s  r e c yc l e d or  e va por a t e d i n t he  dr yi ng pr oc e s s . 
− Dur a bi l i t y:  mi ni mum of  30 ye a r s  wi t h a de qua t e  ma i nt e na nc e  a nd us a ge . 
− M a i nt e na nc e :  c l e a ni ng – done  wi t h a  s ponge  a nd de t e r ge nt  ( a voi d t he  us e  of  gr e a t  
a mount s  of  wa t e r ) . Sma l l  r e pa i r s  a r e  ma de  wi t h mor t a r , f or  t r e a t i ng j oi nt s  or  pl a s t e r . 
− T oxi c i t y of  t he  pr oduc t :  no-odor , non-t oxi c  pa ne l . 
− As s e mbl y:  s i mpl e , us i ng s ma l l  t ool s . 
− T r a ns por t a t i on t o t he  wor k s i t e :  t he  s ys t e m i s  c ompos e d of  l i ght we i ght  ma t e r i a l - di mi -
ni s he s  c os t  a nd pol l ut i on. 
− Adva nt a ge s :  f l e xi bl e , l i ght we i ght  pa ne l , pl a s t e r  i s  100%  r e c yc l a bl e , s ma l l  a mount  of  pr o-
duc t i on r e s i dua l s . 
− Di s a dva nt a ge s :  r a w ma t e r i a l  i s  not  r e ne wa bl e , mode r a t e  us e f ul  l i f e , ut i l i ze s  onl y i n i nt e r -
na l  a r e a s , r a w ma t e r i a l  e xt r a c t e d f a r  f r om t he  pr oc e s s i ng pl a nt . 
3.3 Analysis of industrialized vertical panels – Cement board  
T he  s ys t e m t ha t  s uppor t s  c e me nt  boa r d c a n s e r ve  a s  e i t he r  a  s t r uc t ur a l  e l e me nt  or  a  t ype  of  c l os -
i ng a nd i t  i s  c ompos e d of  ga l va ni ze d s t e e l  f r a me  ( Dr ywa l l  or  Li ght  St e e l  Fr a mi ng) , f i xa t i on 
e l e me nt s , mor t a r  a nd t a pe  f or  t he  j oi nt  t r e a t me nt . 
T he  c e me nt , whi c h i s  t he  pr i nc i pa l  ma t e r i a l  ut i l i ze d i n t he  pa ne l  pr oduc t i on, c ome s  pr oc e s s e d 
f r om t he  Hol c i m f a c t or y a nd us e s  r a w ma t e r i a l  f r om t he  St a t e  of  Sã o Pa ul o r e gi on. T he  e xt r a c -
t i on of  t he  r a w ma t e r i a l  f or  t he  ma nuf a c t ur e  of  c e me nt  ( l i me s t one , c l a y, s i l i c a  a nd pi r i t e )  i s  
done  by de t ona t i on or  s c r a ppi ng. Dur i ng t he  pr oduc t i on pr oc e s s , t he  f a c t or y pr oduc e s  a  mi ni -
mum qua nt i t y of  r e s i dua l s , whi c h c a n be  r e i nt r oduc e d i n t he  ma nuf a c t ur i ng pr oc e s s . T he  ma t e -
r i a l s  t ha t  c a nnot  be  r e c yc l e d a r e  di s pos e d of  i n a n a de qua t e  ma nne r  by out s our c e d f i r ms . T he  
ut i l i ze d wa t e r  i s  t r e a t e d a nd r e us e d i nt e r na l l y. T he  gr e a t e s t  e nvi r onme nt a l  i mpa c t  oc c ur s  i n t he  
r a w ma t e r i a l  e xt r a c t i on pr oc e s s  f or  t he  ma nuf a c t ur e  of  c e me nt  a nd i t s  t r a ns por t . 
T he  ma nuf a c t ur e  of  t he  pa ne l s  i s  a ut oma t i c  a nd done  i n s e r i e s . T he  r a w ma t e r i a l  i s  mi xe d a u-
t oma t i c a l l y a nd t he  e qui pme nt  us e d r e duc e s  t he  t i me , a nd numbe r  of  e mpl oye e s  ne e de d f or  t he  
pr oc e s s . It  a l s o pr ovi de s  a  mor e  uni f or m c ompos i t e  c ont r ol  a nd a  be t t e r  ove r a l l  pr oduc t  qua l i t y, 
pr oduc i ng a  s moot h s ur f a c e  a nd hi gh r e s i s t a nc e . Af t e r  de ns i f i c a t i on, t he  pa ne l s  pa s s  t hr ough a  
c ur i ng pr oc e s s . Cons i de r i ng t he  Br a s i l i t  c e me nt  boa r d pa ne l s  t he  pr i nc i pa l  c ha r a c t e r i s t i c s  a r e  
pr e s e nt e d be l ow:  
− Us a ge  l i mi t a t i on:  ut i l i ze d i n i nt e r na l  a nd e xt e r na l  a r e a s ;  t he  s ys t e m c a n be  s t r uc t ur a l  f unc -
t i on. 
− Compos i t i on:  wa t e r , c e me nt , a ggr e ga t e s  of  na t ur a l  c e l l ul os e  a nd s ynt he t i c  pol ypr opyl e ne  
f i be r . 
− Qua l i t y c ont r ol  pr ogr a ms :  pr ovi s i ons  be i ng ma de  t o obt a i n ISO 9001: 2008 c e r t i f i c a t i on i n 
2010. 
− Pr oduc t i on s t a nda r ds :  t he r e  a r e  no s pe c i f i c  Br a zi l i a n s t a nda r ds  ( Ame r i c a n s t a nda r ds  a r e  
a dopt e d) . 
− Fl e xi bi l i t y a nd r e ut i l i za t i on:  t he  s ys t e m c a n e a s i l y be  mount e d a nd di s mount e d a nd r e ut i -
l i ze d. 
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− Us e d di me ns i on:  wi dt h-1.20 m;  l e ngt h-va r i e s , c a n be  2.0 m, 2.4 m or  3.0 m;  t hi c kne s s e s - 
6.0 mm, 8.0 mm, 10 mm a nd 12 mm. 
− T he r ma l  i ns ul a t i on:  t he r ma l  c onduc t i bi l i t y i s  0.35 W / m.K . 
− Ac ous t i c  i ns ul a t i on:  45 dB ( f r a me  s t r uc t ur e  wi t h 90 mm a nd 2 pa ne l s  of  10 mm, one  on 
e a c h s i de ) . 
− Fi ni s hi ng:  pe r mi t s  t he  a ppl i c a t i on of  va r i ous  t ype s  of  f i ni s hi ng. 
− Loc a t i on of  t he  pr i nc i pa l  r a w ma t e r i a l  e xt r a c t i on:  t he  Por t l a nd c e me nt  i s  pr oc e s s e d i n So-
r oc a ba - Sã o Pa ul o. T he  r a w ma t e r i a l  f or  t he  pr oduc t i on of  t he  c e me nt  i s  e xt r a c t e d i n t he  St a t e  
of  Sã o Pa ul o. 
− Pl a nt  l oc a l i za t i on/  di s t a nc e  f r om r a w ma t e r i a l  s our c e :  Ca pi va r i -Sã o Pa ul o/  75 km ( f r om 
t he  c e me nt  pl a nt ) . 
− Compone nt s  a nd or i gi n:  pol ypr opyl e ne  f i be r  – J a c a r e i - Sã o Pa ul o;  c e l l ul os e  - St a t e  of  Pa -
r a ná  ( of  c ont r ol l e d a nd c e r t i f i e d or i gi n) . 
− Re c yc l e d c ont e nt s  f r om pr oduc t i on a nd pos t -c ons ume r :  t he  ut i l i ze d c e me nt  ha s  pa r t  of  i t s  
r a w ma t e r i a l  c omi ng f r om r e c yc l e d pr oduc t s , s uc h a s  pl a s t e r  a nd s l a g. Re c yc l a bl e  pot e nt i a l  
be f or e  c ons umpt i on:  t he  pa ne l  c a n c ont a i n up t o 2%  of  t he  r e s i dua l s  f r om i t s  own ma nuf a c -
t ur i ng pr oc e s s . In t he  r e c yc l e d pos t -c ons ume r  ma t e r i a l  c a n a l s o be  us e d, r e s pe c t i ng t he  2%  
l i mi t  of  t he  c ompos i t i on. 
− Pr oduc t i on wa s t e :  i t s  ma nuf a c t ur e  pr oduc e s  onl y a  s ma l l  a mount  of  r e s i dua l s ;  a  good pa r t  
c a n be  r e c yc l e d. T he  ut i l i ze d wa t e r  i s  r e c yc l e d i n t he  pl a nt . T he  r e s i dua l  not  r e us e d a r e  c or -
r e c t l y di s pos e d of  by out s our c e d c ompa ni e s . 
− Dur a bi l i t y:  mor e  t ha n 50 ye a r s  wi t h pr ope r  ma i nt e na nc e  a nd us e . 
− M a i nt e na nc e :  ge ne r a l l y oc c ur s  i n t he  c oa t i ng of  t he  pa ne l s . 
− T oxi c i t y of  t he  pr oduc t :  non-t oxi c  pr oduc t . 
− As s e mbl y:  s i mpl e , us i ng s ma l l  t ool s . 
− T r a ns por t a t i on t o t he  wor k s i t e :  t he  s ys t e m i s  c ompos e d of  l i ght we i ght  ma t e r i a l - di mi -
ni s he s  c os t  a nd pol l ut i on. 
− Adva nt a ge s :  f l e xi bl e , l i ght we i ght  pa ne l , l ong us e f ul  l i f e , c a n be  r e c yc l e d, mode r a t e  bui l t -
i n e ne r gy, r a w ma t e r i a l  e xt r a c t e d c l os e  t o t he  pr oc e s s i ng pl a nt . 
− Di s a dva nt a ge s :  r a w ma t e r i a l  i s  not  r e ne wa bl e ;  hi gh e mi s s i on of  pol l ut a nt s  i n t he  ma nuf a c -
t ur e  of  c e me nt . 
3.4 Analysis of industrialized vertical panels– OSB (Oriented Strand Board) panels 
T he  OSB pa ne l s  a r e  i ndi c a t e d f or  wa l l  i ns ul a t i ons , t oge t he r  wi t h a  Li ght  St e e l  f r a mi ng s ys t e m, 
c ompos e d of  s t e e l  f r a me s , f i xa t i on e l e me nt s , mor t a r  a nd t a pe  t o t r e a t  t he  j oi nt s . T he  e xt e r na l  
pa ne l  s houl d a l wa ys  r e c e i ve  a  ba r r i e r  a ga i ns t  wa t e r  a nd wi nd, whi c h a f t e r wa r ds , c oul d a c c e pt  
wha t e ve r  t ype  of  f i ni s hi ng.  
T he  pr i nc i pa l  r a w ma t e r i a l  us e d t o ma nuf a c t ur e  OSB i s  r e f or e s t e d Pi ne  wood, a  r e ne wa bl e  
s our c e  a nd ge ne r a t or  of  c a r bon c r e di t s . T he r e  i s  no r e c yc l e d ma t e r i a l  i n i t s  pr oduc t i on a nd t he  
pa ne l s  a r e  not  r e c yc l a bl e  a f t e r  us a ge . Howe ve r , i t  c a n be  r e us e d. 
T he  f a c t or y ha s  r e s e r voi r s  t ha t  s t or e  r a i n wa t e r , whi c h i s  t r e a t e d a nd us e d i n t he  ma nuf a c t ur -
i ng pr oc e s s e s . It  a l s o us e d e va por a t e d wa t e r . T he  pr i nc i pa l  e nvi r onme nt a l  i mpa c t  f r om t he  
ma nuf a c t ur e  of  OSB pa ne l s  i s  t he  s ynt he t i c  r e s i n us i ng f or ma l de hyde , whi c h i s  us e d t o gl ue  t he  
wood f i be r s . T he s e  r e s i ns  c a n be  t he  s our c e  of  f or ma l de hyde  va por  t ha t  i r r i t a t e  t he  e ye s , nos e  
a nd t hr oa t  ( Roa f  2006) . 
T he  a t mos phe r i c  e mi s s i ons  ge ne r a t e d by t he  f a c t or y c ome s  f r om pa r t i c ul a t e  ma t e r i a l  ( r a w 
ma t e r i a l  t ha t  a c c umul a t e s  i n unc ove r e d a r e a s  s ubj e c t  t o a  hi gh i nc i de nc e  of  s t or ms )  a nd f r om 
t he  bur ni ng of  f os s i l  f ue l .  
T he  ma nuf a c t ur i ng pr oc e s s  of  t he s e  i ns ul a t i on pa ne l s  i s  c ompl e t e l y a ut oma t i c . W he n t he  t r e e  
t r unks  a r r i ve  a t  t he  f a c t or y, t he y a r e  c l e a ne d, de ba r ke d, a nd t r a ns f or me d i nt o t he  s t r i ps  t ha t  
c ompos e  OSB. T he  s t r i ps  a r e  t he n dr i e d, s i e ve d a nd s pr a ye d wi t h r e s i n f or  gl ui ng. Af t e r wa r ds , 
t he y a r e  di s t r i but e d i n l a ye r s  a nd pr e s s e d a t  hi gh t e mpe r a t ur e , f or mi ng s he e t s  r e a dy f or  c ut t i ng. 
T he  pr oduc t i ve  pr oc e s s  ma ke s  us e  of  a l l  t he  r e s i due s , s uc h a s  ba r k a nd l e f t  ove r  wood. It  i s  us e d 
t o f e e d t he  f ur na c e s  t ha t  ge ne r a t e  t he  e ne r gy a nd ne c e s s a r y he a t . Cons i de r i ng t he  LP Br a s i l  
OSB pa ne l s  t he  pr i nc i pa l  c ha r a c t e r i s t i c s  a r e  pr e s e nt e d be l ow:   
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− Us a ge  l i mi t a t i on:  ut i l i ze d i n i nt e r na l  a nd e xt e r na l  a r e a s ;  t he  s ys t e m c a n be  a  s t r uc t ur a l  
f unc t i on. 
− Compos i t i on:  Pi ne  wood, M DI ( bi phe nyl  me t ha ne  di -i s oc ya na t e ) , phe nol ogi c a l  r e s i n ( s yn-
t he t i c  r e s i n a l l oy)  a nd a ddi t i ve s  ha vi ng a  c i f l ut r i ne  ba s e . 
− Qua l i t y c ont r ol  pr ogr a ms :  ne w f a c t or y, unde r goi ng c e r t i f i c a t i on pr oc e s s e s . 
− Pr oduc t i on s t a nda r ds :  t he r e  a r e  no s pe c i f i c  Br a zi l i a n s t a nda r ds  ( Nor t h Ame r i c a n s t a n-
da r ds  a r e  a dopt e d) . 
− Fl e xi bi l i t y a nd r e ut i l i za t i on:  c a n be  e a s i l y mount e d a nd di s mount e d wi t h a  Li ght  St e e l  
f r a mi ng s ys t e m. Be s i de s  t hi s , i f  t he r e  i s  a  pol ye t hyl e ne  me mbr a ne  or  ot he r  t ype  of  f i ni s h-
i ng, t he s e  t oo, s houl d be  di s mount e d. 
− Us e d di me ns i ons :  wi dt h-1.22m;  l e ngt h-2.44m;  t hi c kne s s -9.5 mm, 11 mm, 15 mm or  18 
mm. 
− T he r ma l  i ns ul a t i on:  not  f ur ni s he d by t he  ma nuf a c t ur e r . 
− Ac ous t i c  i ns ul a t i on:  not  f ur ni s he d by t he  ma nuf a c t ur e r . 
− Fi ni s hi ng:  i n e xt e r na l  i ns ul a t i ons , t he  pa ne l s  s houl d be  pr ot e c t e d a ga i ns t  t he  we a t he r . 
Ge ne r a l l y, a  hi gh-de ns i t y pol ye t hyl e ne  me mbr a ne  i s  us e d. T he  f i na l  f i ni s hi ng c a n be :  
mor t a r  c oa t i ng, br i c k, t e xt ur e , vi nyl  s i di ng, wood s i di ng or  f i be r  c e me nt  s i di ng. 
− Loc a t i on of  t he  pr i nc i pa l  r a w ma t e r i a l  e xt r a c t i on:  Pi ne  wood c ome s  f r om r e f or e s t e d f a r ms  
t ha t  pr a c t i c e  s us t a i na bl e  ma na ge me nt  a nd a r e  l oc a t e d i n a  ma xi mum r a di us  of  150 km 
f r om t he  f a c t or y. 
− Loc a l i za t i on of  t he  f a c t or y/ di s t a nc e  f r om pr i nc i pa l  r a w ma t e r i a l :  Pont a  Gr os s a - Pa r a ná /  
150 km. 
− Compone nt s  a nd or i gi n:  t he  or i gi n of  t he  ot he r  c ompone nt s  wa s  not  i nf or me d. 
− Re c yc l e d c ont e nt s  f r om pr oduc t i on a nd pos t -c ons ume r :  r e c yc l e d ma t e r i a l  i s  not  us e d i n 
t he  pr oc e s s  a nd t he  pa ne l s  a r e  not  r e c yc l a bl e  a f t e r  us a ge , howe ve r , i t  c a n be  r e us e d. 
− Pr oduc t i on wa s t e :  100%  of  t he  r a w ma t e r i a l  i s  ut i l i ze d. T he  wa t e r  ut i l i ze d i n t he  f a c t or y i s  
pl uvi a l , c ol l e c t e d i n we l l s . 
− Dur a bi l i t y:  10-ye a r  gua r a nt e e  a ga i ns t  t e r mi t e s  a nd 20-ye a r  gua r a nt e e  f or  t he  s t r uc t ur e . 
− M a i nt e na nc e :  ge ne r a l l y i nvol ve s  pa ne l  f i ni s hi ng. 
− T oxi c i t y of  t he  pr oduc t :  non-t oxi c  pr oduc t . It  ha s  a  l ow e mi s s i on of  f or ma l de hyde , whi c h 
doe s  not  a f f e c t  t he  we l l -be i ng a nd he a l t h of  t he  pe opl e . 
− As s e mbl y:  s i mpl e , us i ng s ma l l  t ool s . In e xt e r na l  i ns ul a t i ons , a f t e r  t he  pa ne l s  a r e  mount e d, 
t he  OSB s houl d be  c ove r e d wi t h a  pol ye t hyl e ne  me mbr a ne  a nd a f t e r wa r ds , f i ni s he d a s  de -
s i r e d. 
− T r a ns por t  t o t he  wor k s i t e :  T he  s ys t e m i s  c ompos e d of  l i ght we i ght  ma t e r i a l - di mi ni s he s  
c os t  a nd pol l ut i on. 
− Adva nt a ge s :  f l e xi bi l i t y, l i ght we i ght , us e s  r e ne wa bl e  r e s our c e s , l ow e ne r gy pr oc e s s , 100%  
r a w ma t e r i a l  us a ge , CO 2  s e que s t r a t i on, r a w ma t e r i a l  e xt r a c t i on c l os e  t o t he  f a c t or y. 
− Di s a dv a nt a ge s :  mode r a t e  us e f ul  l i f e , c a nnot  be  r e c yc l e d, ne e ds  pr e s e r va t i ve  t r e a t me nt , 
c ont a i ns  f or ma l de hyde . 
3.5 Analysis of industrialized vertical panels – reinforced concrete panels 
Re i nf or c e d c onc r e t e  pa ne l s  a r e  ve r t i c a l  i ns ul a t i ons  t ha t  c a n be  i ndus t r i a l l y pr oduc e d or  pr o-
duc e d a t  t he  wor k s i t e . T he s e  pa ne l s  ha ve  s ome  c ha r a c t e r i s t i c s  t ha t  di f f e r e nt i a t e  t he m f r om t he  
ot he r s  a na l yze d pr e f a br i c a t e d pa ne l s , s uc h a s :  t he y’ r e  he a vi e r ;  t he y a r e  not  us e d a s  c ompone nt s  
i n s t r uc t ur a l  s ys t e ms  of  t he  Li ght  St e e l  Fr a mi ng or  dr ywa l l  t ype ;  t he y c a n be  us e d a s  s t r uc t ur a l  
e l e me nt s  or  c l os i ng;  t he y c a n be  ma nuf a c t ur e d i n va r i ous  di me ns i ons ;  a nd t he  f i ni s he s  c a n be  
i nc or por a t e d i n t he  ma nuf a c t ur i ng pr oc e s s , e l i mi na t i ng e xt r a  f i ni s hi ng c os t s , r e s our c e  wa s t e  a nd 
pol l ut i on a t  t he  wor k s i t e . 
T he  c e me nt  ut i l i ze d i n t he  pr oduc t i on c ome s  pr oc e s s e d f r om t he  Hol c i m pl a nt , l oc a t e d i n a n 
i ndus t r i a l  a r e a  ne a r  t he  f a c t or i e s . T he  ot he r  c ompone nt s  f or  t he  ma nuf a c t ur e  of  c onc r e t e , s uc h 
a s  s a nd a nd gr a ve l , c ome  f r om r e gi ons  c l os e  t o t he  pl a nt . T he  gr e a t e s t  e nvi r onme nt a l  i mpa c t  
oc c ur s  i n t he  r a w ma t e r i a l  e xt r a c t i on pr oc e s s  f or  t he  ma nuf a c t ur e  of  c onc r e t e  a nd i t s  t r a ns por t .  
T he  pr oduc t i on pr oc e s s  be gi ns  wi t h t he  de t e r mi na t i on a nd ma ki ng of  t he  f or ms  or  mol ds . Af -
t e r wa r ds , t he  s t e e l  f r a me s  a r e  pos i t i one d. In t he  c a s e  whe r e  t he  f i ni s hi ng i s  i nc or por a t e d i n t he  
pr oduc t , t he  f i ni s hi ng l a ye r  i s  pos i t i one d a t  t he  bot t om of  t he  mol d, f ol l owe d by a n a dhe r e nc e  
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ba r r i e r  a nd t he n a  f r a me  a nd a t  l a s t , t he  c onc r e t e  i s  pour e d. T he  f i ni s hi ng c a n a l s o be  done  wi t h 
a n a c i d a t t a c k, s pr a yi ng t he  s a nd or  c e me nt  s e t t i ng i nhi bi t or s  t ha t  di s gui s e  t he  i r r e gul a r i t i e s  a nd 
s l i ght l y e xpos e s  t he  a ggr e ga t e . T he  pa ne l s  c a n a l s o r e c e i ve  a  pol i s hi ng or  i nc or por a t e  f i ni s hi ng 
wi t h or na me nt a l  s t one s , t e xt ur e , c ol or , r i bs  or  f a l s e  j oi nt s  ( Si l va  & Si l va  2004) . Af t e r  a  c e r t a i n 
t i me , t he  pa ne l  c a n be  r e move d f r om t he  f or m a nd s houl d be  s ubmi t t e d i t  a  humi di t y c ur e . 
T he  l a c k of  s t a nda r ds  f or  t he  c l os i ng pa ne l s  c a n r e s ul t  i n t he  wa s t e  of  t he  f or ms . It  i s  i mpor -
t a nt  t ha t  i n t he  pha s e  of  de s i gn, t he  numbe r  of  t ype s  of  pa ne l s  t o be  ut i l i ze d s houl d be  mi ni -
mum, gua r a nt yi ng a  gr e a t e r  s t a nda r di za t i on of  t he  pr oduc t i on, r e duc i ng c os t s  a nd ope r a t i ona l  
a nd i nc r e a s i ng t he  s pe e d of  ma nuf a c t ur e  ( Si l va  & Si l va  2004) . Cons i de r i ng t he  Pr e mo a nd Pr e -
c on r e i nf or c e d c onc r e t e  pa ne l s  t he  pr i nc i pa l  c ha r a c t e r i s t i c  a r e  pr e s e nt e d be l ow:  
− Us a ge  l i mi t s :  t he y a r e  mor e  ut i l i ze d e xt e r na l l y, due  t o t he i r  we i ght . Ca n ha ve  s t r uc t ur a l  
f unc t i on. 
− Compos i t i on:  wa t e r , c e me nt , s a nd, gr a ve l , s t e e l , non-t oxi c  a ddi t i ve s  ( c he mi c a l l y ne ut r a l  
e l e me nt s ) , s t one s  ( i n t he  c a s e  of  pa ne l s  wi t h e xpos e d a ggr e ga t e d)  a nd i n s ome  c a s e s , pi g-
me nt a t i on. 
− Qua l i t y c ont r ol  pr ogr a ms :  ISO 9001:  2000 c e r t i f i e d. 
− Pr oduc t i on s t a nda r ds :  no e xi s t i ng i n e f f e c t  i n Br a zi l . 
− Fl e xi bi l i t y a nd r e ut i l i za t i on:  t he y a r e  he a vywe i ght  pa ne l s  a nd be c a us e  of  t hi s , t he y a r e  di f -
f i c ul t  of  ma ne uve r  a nd t r a ns por t . T he  ope ni ng of  ne w ga ps  or  t he  pl a c i ng of  ne w wi ndow 
or  door  f r a me s  a f t e r  ma nuf a c t ur e d a nd i ns t a l l e d i s  i nf e a s i bl e . 
− Us e d di me ns i ons :  di me ns i ons , f or ms  a nd ge ome t r y a r e  de t e r mi ne d i n f unc t i on of  t he  c us -
t ome r ’ s  ne e ds . T he  di me ns i ons  c a n va r y:  l e ngt h i n up t o 12 m, he i ght  i n up t o 3.5 m a nd 
t hi c kne s s  f r om 10 c m t o 18 c m. 
− T he r ma l  i ns ul a t i on:  not  f ur ni s he d by ma nuf a c t ur e r . 
− Ac ous t i c  i ns ul a t i on:  not  f ur ni s he d by t he  ma nuf a c t ur e r . 
− Fi ni s hi ng:  t he  f i ni s hi ng c a n be  i nc or por a t e d i n t he  ma nuf a c t ur i ng s t a ge . 
− Loc a t i on of  t he  pr i nc i pa l  r a w ma t e r i a l  e xt r a c t i on:  c e me nt , t ha t  c ome s  a l r e a dy pr oc e s s e d 
f r om t he  Hol c i m Compa ny l oc a t e d i n t he  r e gi on of  Pe dr o Le opol do- M i na s  Ge r a i s  ( M G) . 
In s ome  c a s e s , whi t e  c e me nt  i s  us e d- f r om Egypt . 
− Pl a nt  l oc a l i za t i on/ di s t a nc e  f r om r a w ma t e r i a l  s our c e :  Pr e mo, Pe dr o Le opol do- M G/  10 km 
( f r om t he  c e me nt  f a c t or y) ;  Pr e c on, V e s pa s i a no- M G/  30 km ( f r om t he  c e me nt  f a c t or y) . 
− Compone nt s  a nd or i gi n:  Pr e c on – i ndus t r i a l i ze d a r t i f i c i a l  qua r t z s a nd, Ca c hoe i r a  da  Pr a t a - 
M G;  gne i s s  s t one  a nd gr a ve l , Be t i m- M G;  s t e e l  e l e me nt s , Be l go Compa ny, J ui z de  For a - 
M G;  pi gme nt s , Sã o Pa ul o r e gi on. Pr e mo – gr a ve l  a nd s a nd, f r om t he  r e gi on ( r a di us  of  a p-
pr oxi ma t e l y 10km f r om t he  f a c t or y) ;  s t e e l  e l e me nt s , Be l go Compa ny, J ui z de  For a - M G. 
− Re c yc l e d c ont e nt s  f r om pr oduc t i on a nd pos t -c ons ume r :  t he  ut i l i ze d c e me nt  ha s  a s  pa r t  of  
i t s  r a w ma t e r i a l  s ome  r e c yc l e d pr oduc t s , s uc h a s  pl a s t e r  a nd s l a g. T he  s t e e l  us e d i n t he  
pa ne l s  c a n ha ve  a  r e c yc l e d or i gi n. In t he  pos t -c ons ume r , t he  pa ne l s  c a n be  r e c yc l e d a s  a  
ba s e  f or  pa ve me nt s , a f t e r  c r us hi ng. 
− Pr oduc t i on wa s t e :  onl y a  s ma l l  a mount  of  r e s i dua l s  a r e  ge ne r a t e d dur i ng t he  ma nuf a c t ur -
i ng pr oc e s s  a nd t he s e  a r e  us e d i n t he  pr oc e s s  i t s e l f . In t he  c a s e  of  pa ne l s  wi t h ma nuf a c t ur -
i ng de f e c t s , t he s e  pa ne l s  a r e  di s c a r de d i n a n a ppr opr i a t e  de pos i t . W a t e r  i s  t r e a t e d. T he  
me t a l  f r om t he  f or ms  c a n be  s ol d t o t he  r e c yc l i ng pl a nt  or  r e -us e d. 
− Dur a bi l i t y:  t he  pa ne l s  ha ve  a  50-ye a r  gua r a nt e e , but  c a n l a s t  l onge r . 
− M a i nt e na nc e :  t he  pr i nc i pa l  ma i nt e na nc e  pr obl e ms  a r e  t he  t r e a t me nt s  ne c e s s a r y t o c l e a n 
t he  s ur f a c e . T he  j oi nt s  ne e d t o be  c ons t a nt l y c he c ke d a nd r e pl a c e d whe n ne c e s s a r y. 
− T oxi c i t y of  t he  pr oduc t :  non-t oxi c . 
− As s e mbl y:  t he  pa ne l s  a r e  c r a ne -mount e d be c a us e  of  t he i r  we i ght . T he y c a n be  mount e d on 
s l a bs , pi l l a r s  or  be a ms  us i ng me t a l l i c  i ns e r t s  a nd s c r e ws , bol t s  or  s ol de r e d or  e l s e , us i ng 
c onc r e t e  c ons ol e s . 
− T r a ns por t a t i on t o t he  wor k s i t e :  t he  he a vywe i ght  pa ne l s  i nc r e a s e  c os t s  a nd pol l ut i on. 
− Adva nt a ge s :  l ong us e f ul  l i f e , c a n be  r e c yc l e d, bui l t -i n mode r a t e  e ne r gy, l e s s  wa s t e , f a c t o-
r y-f i ni s he d, c a n c hoos e  t he  di me ns i ons  a c c or di ng t o t he  j ob. 
− Di s a dva nt a ge s :  he a vywe i ght  pa ne l s , l a c k of  f l e xi bi l i t y, non-r e ne wa bl e  r a w ma t e r i a l , hi gh 
e mi s s i on of  pol l ut a nt s  f r om c e me nt  ma nuf a c t ur e , l a c k of  s t a nda r d s i ze s  a nd wa s t e  f r om 
f or ms . 
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4 CONCLUSIONS 
Not i c e a bl e  a r e  t he  f ol l owi ng pos i t i ve  i mpl i c a t i ons  i n t he  us e  of  i ndus t r i a l i ze d pa ne l s  a nd s t e e l  
s t r uc t ur e s :  l e s s  wa t e r  c ons umpt i on a nd r e s our c e  wa s t e  a t  t he  wor k s i t e ;  c l e a n j ob;  l e s s  pol l ut i on 
a nd wa s t e  i n ge ne r a l  a nd a s  s uc h, l e s s  s oc i o-e nvi r onme nt a l  i mpa c t ;  i mpr ove d qua l i t y a s  t he y a r e  
mor e  e xa c t  a nd l e s s  de f e c t i ve ;  e a s y mount i ng a nd di s mount i ng a nd r e us e  of  pa ne l s  wi t hout  
c a us i ng r e s i due s  ( i n t he  c a s e  of  pa ne l s  us e d i n t he  Li ght  St e e l  f r a mi ng or  Dr ywa l l  s ys t e ms ) ;  a t  
t he  e nd of  us e f ul  l i f e , t he  me t a l l i c  c ompone nt s  c a n be  di s mount e d a nd r e us e d or  r e c yc l e d wi t h-
out  di mi ni s hi ng t he i r  pr ope r t i e s ;  f a s t e r  c ons t r uc t i on;  a nd pos s i bi l i t y of  be t t e r  a c ous t i c a l  a nd 
t he r ma l  i ns ul a t i on whe n us e d wi t h i ns ul a t i ons  s uc h a s  gl a s s  wool  or  r oc k wool  be t we e n t he  pa -
ne l s . 
Al t hough t he y a r e  a n e xc e l l e nt  s ol ut i on, t he  i ndus t r i a l i ze d pr oduc t s  ha ve  a  hi gh c os t  whe n 
c ompa r e d t o t r a di t i ona l  me t hods  f or  c ons t r uc t i on a nd r e qui r e  mor e  s ki l l e d l a bor  f or  mount i ng. 
T hi s  ma ke s  t he  s ys t e m i nf e a s i bl e  f or  gr e a t e r  pa r t  of  t he  Br a zi l i a n c ons t r uc t i ons . 
Al s o, i t  c a n be  c onc l ude d f r om t hi s  r e s e a r c h t ha t  t he  Br a zi l i a n i ndus t r y i s  unpr e pa r e d t o de a l  
wi t h s us t a i na bl e  pr oduc t i on a nd t he  di s pos a l  of  t he  f i na l  pr oduc t s . It  wa s  f ound t ha t  a  ma j or i t y 
of  t he  ma nuf a c t ur e r s  do not  ha ve  a l l  t he  i nf or ma t i on ne c e s s a r y t o e va l ua t e  t he  s us t a i na bi l i t y de -
gr e e  of  t he  pr oduc t s  t he y of f e r . None  of  t he  pr oduc e r s  we r e  a bl e  t o i nf or m t he  a mount  of  wa t e r  
a nd e ne r gy s pe nt  i n t he  pa ne l s  pr oduc t i on. Some  di d not  ha ve  pr e c i s e  i nf or ma t i on a bout  t he  
or i gi n of  t he  c ompone nt s  i nvol ve d i n pr oduc t i on or  a bout  t he  t he r ma l  a nd a c ous t i c a l  pr ope r t i e s  
of  t he  ma t e r i a l .  
T he  s uppl i e r s  s houl d ha ve  a c c ur a t e  i nf or ma t i on a bout  e nvi r onme nt a l  i ni t i a t i ve s , r e s our c e  
c os t s  f or  pr oduc t i on a nd t he  t he r ma l  a nd a c ous t i c a l  pr ope r t i e s  of  t he  i ndus t r i a l i ze d pa ne l s , s o a s  
t o f a c i l i t a t e  t he  s e l e c t i on a nd s pe c i f i c a t i ons  f or  t he  mos t  i de a l  c ons t r uc t i ve  ma t e r i a l  f or  e a c h 
c ons t r uc t i on. Be s i de s  t hi s , t he  ma nuf a c t ur e r s  s houl d a dopt  me a s ur e s  t o i nc r e a s e  t he  e nvi r on-
me nt a l  pe r f or ma nc e  of  t he  pr oduc t s , s uc h a s :  r e t a i n a nd ut i l i ze  r a i n wa t e r  i n t he  pr oduc t i on 
pr oc e s s ;  i nve s t  i n r e ne wa bl e  s our c e s  of  e ne r gy;  pr omot e  i ni t i a t i ve s  t ha t  c ompe ns a t e  e nvi r on-
me nt a l  i mpa c t s  f r om pr oduc t i on;  gi ve  pr e f e r e nc e  t o t he  us e  of  CPIII c e me nt , whi c h i s  c ompos e d 
of  60 t o 70%  of  s ub-pr oduc t s  f r om ot he r  i ndus t r i e s  a nd ha s  l e s s  bui l t -i n e ne r gy, e t c . 
He r e i n a r e  s ome  s ugge s t i ons  f or  t he  i nc or por a t i on of  e nvi r onme nt a l l y s us t a i na bl e  c onc e pt s  i n 
de s i gn of  s t e e l -s t r uc t ur e d bui l di ng:  e xpos e  t he  s t r uc t ur e  a nd a s  s uc h, r e duc e  t he  a mount  of  ma -
t e r i a l  a ppl i e d i n t he  f i ni s hi ng;  ut i l i ze  i ndus t r i a l i ze d i ns ul a t i on c ompone nt s ;  r e s e a r c h f or ms  of  
r e us e  a nd r e c yc l i ng of  c ompone nt s  be f or e  ma ki ng t he i r  c hoi c e ;  de s i gn f or  de c ons t r uc t i on, r e us e  
a nd r e c yc l i ng of  t he  ma t e r i a l ;  de s i gn modul a r  c ons t r uc t i on us i ng pr e f a br i c a t e d uni t s  ( t a ki ng i nt o 
c ons i de r a t i on t he  di me ns i ons  of  t he  s uppl i e d pa ne l s , t o a voi d c ut s  i n pa ne l s  a nd r e s i dua l s  a t  t he  
wor k s i t e ) ;  pr oc ur e  pa ne l  s ol ut i ons  t ha t  a r e  c l os e  t o t he  wor k s i t e  t o a voi d t r a ns por t  pol l ut i on;  
t hi nk a bout  f l e xi bi l i t y a nd a da pt a bi l i t y of  t he  bui l di ng a mbi e nc e  ( c a n be  f a c i l i t a t e d wi t h t he  us e  
of  c l os i ng s ys t e ms  of  t he  Li ght  St e e l  f r a me  or  Dr ywa l l  t ype ) ;  c ons i de r  t he  c ompa t i bi l i t y of  a r c -
hi t e c t ur a l  de s i gn a nd t he  di me ns i oni ng a nd de t a i l i ng of  t he  i ndus t r i a l i ze d c ons t r uc t i on s ys t e m. 
M os t  di f f i c ul t  i s  t o f i nd a l l  t he  s us t a i na bl e  a s pe c t s  i n one  ma t e r i a l . T he  pr i or i t y s houl d be  t o 
de c i de  whi c h i s  mos t  s ui t a bl e  f or  e a c h s i t ua t i on, s e a r c hi ng f or  s ol ut i ons  wi t h t he  l e a s t  a mount  
of  e nvi r onme nt a l  i mpa c t s  t ha t  woul d be  c ompa t i bl e  wi t h t he  c ont e xt  a nd ne e ds  of  t he  bui l di ng 
de s i gn. 
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1 INTRODUCTION 
During industrialization period, industrial plants have radically changed landscape, causing in-
creased pollution and environmental degradation, threatening the consistency of historic cities 
(Figueira, 2005), contrary to the thesis of modern city, which indicated zoning and rationaliza-
tion of urban land.  
The evolution of industrial buildings can then be characterized by (Grube, 1972):  
 
− Improvement of health conditions in working areas, in terms of lighting, ventilation, hygiene 
and work safety;  
− Improved construction techniques (brick, stone and wood, gave rise to iron, zinc, steel, glass 
and concrete, and to innovative, economic and rational construction methods (Tietz, 2000));  
− Relocation of industry, from major urban areas to peripheral accessible industrial areas;  
− Increased energy consumption from natural resources, derived from the automation of pro-
duction processes;  
− Growth of business, resulting from the globalization of markets. 
 
The development achieved at present didn´t appear in a sustainable way, which led to serious 
environmental problems such as climate change, biodiversity loss, increasing pollution and lack 
of standards for sustainable production and consumption. However, is growing a worldwide 
concern with environmental protection.  
The economic growth and technological development reflects in current industry whose pro-
duction logic is based on speed, simplicity, mass and low cost production. 
However, the relationship of buildings with environmental performance still requires action 
from designers. The search for new architectural strategies can lead to the promotion of an in-
dustrial building industry more sustainable, innovative, competitive and profitable.  
Sustainable architecture must be innovative as the architecture itself requires.  
Today´s architects have the responsibility to assess social, economic and aesthetic relations 
between industrial complex and environment (Grube, 1972). They must ensure the necessary 
Environmental architecture design applied to high performance 
industrial buildings – Ladoeiro industrial production of alcohol  
M. Manso & M. Pinheiro 
Instituto Superior Técnico, Universidade Técnica de Lisboa, Lisboa, Portugal 
ABSTRACT:  Over the last century, industry suffered significant changes in construction meth-
ods, production processes and implementation planning. Despite it has strong impact on sur-
rounding environment, territory and development of urban areas. However industrial buildings 
architecture not always contribute to environmental performance.  
It´s possible, nowadays, to integrate in architecture sustainable strategies to ensure environ-
mental comfort, reducing environmental loads, and guarantee efficient energy, water and mate-
rials consumption. Proper environmental management and implementation of innovative strate-
gies may also contribute to greater productivity. 
There are design solutions that can be applied to any industrial building based on Portuguese 
environmental certification system LiderA 2.0b. These support the development of an architec-
tural project as case study for Ladoeiro industrial production of alcohol. Therefore, were devel-
oped several efficiency analysis, promoting architecture environmental integration, reduction in 
resource consumption and environmental comfort of buildings, to determine the level of per-
formance achieved by LiderA system. 
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conditions of comfort, energy efficiency, environmental quality, architectural form and mate-
rials, introducing design strategies for environmental performance. 
The aim of this work is to systematize and analyze different sustainable design solutions and 
environmental criteria that can be applied to any industrial building. 
2 ENVIRONMENTAL PERFORMANCE OF INDUSTRIAL BUILDINGS 
The industrial architecture has evolved considerably in recent years, however it was noticed that 
the universe of buildings that incorporate sustainable strategies is still very limited. 
 Large companies have come to realize that the application of sustainability measures allows 
them to produce more efficiently, enhancing its brand image and differentiate them from com-
petition (Gauzin-Müller, 2003).  
To meet new market demands, industry begins to integrate issues of environmental perform-
ance in its activities, adopting cleaner production technologies, creating products with better en-
vironmental performance, environmentally certifying their processes, products and services.  
Currently there are also several voluntary assessment and classification systems that evaluate 
and promote environmental performance of buildings. Each country has developed its own sys-
tem with different forms of analysis and criteria. These were developed to promote sustainable 
construction, based on checklists associated with tables of performance certification. 
The implementation of recent environmental performance systems, is motivating voluntary 
action of industries, although its accomplishment not always induce to architectural quality. 
For the environmental certification of built environment in Portugal, there is the voluntary 
system LiderA version 2.00b (LiderA, 2009), adapted to the country’s reality. This system 
brought to Portugal the incentive of sustainability in buildings, although it still didn´t certificate 
any building or industrial complex. 
Industrial buildings by their shape and size can greatly contribute to the implementation of 
sustainability measures, thus reducing the environmental impact of buildings while contributing 
to the improvement of design features in order to achieve the desired comfort.  
Nevertheless the environmental impact of each industry varies, depending on its type, con-
sumed resources, manufactured processes and products.  
The application of sustainability measures in planning and analysis of the entire lifecycle of 
built environment (design, construction, renovation and demolition) can significantly contribute 
to improve its environmental performance. This is why the evaluation systems of environmental 
performance can have a strong contribution to achieving sustainability in industrial buildings.  
The identification of sustainability criteria to assess the industry is a key factor in the evalua-
tion and planning of sustainable construction. These criteria must be intrinsic to the creative 
process, being underpin in the projects decisions and serving as support for the recognition of 
sustainable building practices. To improve the structure of these measures were defined differ-
ent strategies based on sustainability criteria of LiderA version 2.00b.  
3 CASE STUDY – LADOEIRO INDUSTRIAL PRODUCTION OF ALCOHOL 
This work develops a design concept for a distillery to install in the Portuguese industrial area of 
Ladoeiro, Idanha-a-Nova. This is an author’s proposal whose development has been accompa-
nied by research on sustainability strategies applied to industrial buildings.  
The investment is based on a project in development, unique in Europe, pioneer in the study 
and production of new crops for ethanol (sorghum and sugar cane). This is an ambitious project 
to be undertaken by Mr Dilipcumar Dulobdas. This project aims to encourage the culture of new 
energetic species adapted to this region.  
The complex intends to install in a strategic area of proximity to production areas of raw ma-
terial, along the road linking the Ladoeiro the Idanha-a-Nova, a ground infrastructure outside 
the city.  
It was established a detailed program of built and non built-up areas for this industrial com-
plex which was systematized according to the spatial needs of buildings and equipment. The 
functional organization and size of the building are closely linked with the production cycle.  
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Given the extension program it was decided to present the points that support creative think-
ing in architectural design. To this end, it was first a wider range of analysis of overall strate-
gies, evaluating the potential for integration of the architecture in the environment. Next, it was 
evaluated the implementation of the building proposal, seeking to understand the functional 
strategies of the buildings.  
The analysis that follow are designed to determine how the proposed architecture solution re-
spond to climate and environmental issues in each major area of LiderA system version 2.00b, 
and further determine the level of environmental performance of the proposed project. 
 
 
 
Figure 1. Proposal plan for Ladoeiro industrial production of alcohol. 
 
 
Each area contains different functional requirements of comfort, and should be considered sepa-
rately, so there will be develop architectural solutions covering a building or equipment for each 
type of building. It was chosen the industrial building of crushing and clarification, the support 
building, and honey tank storage, because they are elements of greater size and architectural in-
terest. 
The aim is to identify the design features applied to each of them and propose architectural 
solutions that improve their environmental performance. 
The mill tandem and clarification warehouse is the building of larger proportions of this in-
dustrial complex, therefore has a strong impact on site. To better integrate the building were 
proposed several coatings and passive design strategies to make it more efficient.  
The support building integrates all areas for employees. This building includes the reception 
for entry and exit of employees, offices, changing rooms, infirmary and cafeteria. It is build 
with ship containers with the association of sustainable strategies. 
Given the large proportion of the syrup storage tank is proposed an external structure that mi-
nimizes visual impact, inserting a surrounding vegetation structure fed by rainwater collected 
from the roof. 
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Figure 4. Architectural proposal for syrup storage tank.
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Figure 3. Architectural proposal for support building.
Figure 2. Architectural proposal for mill tandem and clarification warehouse.
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3.1 Bioclimatic considerations 
In order to identify the bioclimatic measures to integrate in buildings were proposed to the arc-
hitectural solutions some of the bioclimatic strategies adapted to local climate.  
Based on thermal and hygrometric data for an approximate area were built the Olgyay and 
Givoni diagrams of comfort. 
The analysis determined that comfort can be reached during some hours in the period from 
May to October. However, it is recommended that during summer, to be used thermal inertia, 
evaporative cooling and natural ventilation indoors. In winter it becomes necessary to use solar 
active and passive systems to higher indoor temperatures and can be guaranteed the desired 
comfort conditions.  
The industrial crushing and clarification building is a space of constant circulation of prod-
ucts and difficult to warm, therefore, there is the chance to naturally ventilate the interior, but 
whenever it´s too warm, above the comfort limit, it is proposed to provide evaporative cooling. 
In the support building relies on the natural ventilation to cool the interior spaces.  In summer 
it is essential to shade the openings with awnings or overhangs outside, which were designed 
according to the latitude of the site. But, because of the large temperature range, is necessary to 
complement with active solar systems that promote internal thermal comfort.  
To restrict the losses and gains by conduction is intended to isolate the whole environment of 
the buildings with a material of national origin, cork. In support building the finish of containers 
is complemented with cork and ventilated facades. 
3.2 Construction materials 
The construction of industrial warehouses with steel structures is important to the normalization 
of the spacing between supports, minimizing cuts and waste material, which also simplifies the 
extension of buildings.  
The integration of an extensive garden cover improves the thermal efficiency of the building. 
For the facades of the warehouse and tank was proposed the insertion of vegetation in order to 
minimize visual impact. The green walls act as ventilated façades, which shade the most ex-
posed area to direct sunlight in summer and reduces the temperature of the facade through the 
evaporative effect of the plants. During winter is important to ensure greater exposure, which is 
possible through the adoption of deciduous plants. 
 It is also proposed the use of ship containers for the construction of support services. The 
main advantages of this system is the possibility of expanding space, simply by attaching new 
containers, serving many formal solutions suited to the needs of the company. 
3.3 Water 
To minimize primary water consumption it´s proposed the underground collection and storage 
in deposits of rainwater collected from building roofs.  
By analysing the estimated annual captured rainwater of the roofs, it can be concluded that 
there is great potential for recovery of rainwater to support the solutions of vegetation and gar-
den areas without using primary water. 
 Supported by the recent certification of water efficiency products was established a compari-
son of conventional water devices with devices category A, classified by this system. For this 
analysis were evaluated only the sanitary devices from the support building to be used by all 
workers. It´s estimated that the inclusion of category A systems reduces to 52% of water con-
sumption which corresponds to a reduction in annual consumption of 82,204 liters of water. 
 
 
Table 1. Volumes of annual captured rainwater 
Building Roof area (m2) Volume (m3) 
Mill tandem and clarification  warehouse 1872 108,333 
Support building 215 12,442 
Chapter 4: High performance sustainable building solutions
411
Table 2. Comparison of water consumption between conventional and category A systems. 
Estimated consumption for 136 employees. 
Product Consume (l/s) 
Use 
/person 
(min) 
Day 
consumption 
(l/day) 
Monthly 
consumption 
(m3/month)
Annual 
consumption
(m3/year)
Total 
consumption 
(m3/year) 
Total  
consumption  
(%) 
Shower 
0,15 5 6.120 184 67.014 
169.769 100 
0,08 5 3.264 98 35.741 
Sink 
0,10 4 3.264 98 35.741 
0,03 4 979 29 10.722 
Urinal* 
6,00 3 2.448 73 26.806 
82.204 48 
2,00 3 816 24 8.935 
Flush* 
9,00 3 3.672 110 40.208 
6,00 3 2.448 73 26.806 
* Consumption in l/use and number of daily uses.  
3.4 Natural and artificial lighting 
To determine the best natural lighting were tested two solutions of North oriented windows us-
ing models developed in Ecotect software. It brought to the conclusion that the cover 2 is more 
efficient, managing to achieve the desired luminance that the cover 1 does not reach. The best is 
to adopt solutions that reduce the need for artificial lighting and ensure the thermal comfort in-
side. In this case it´s proposed a prefabricated solution, efficient and economic, which facilitates 
the introduction of natural light into spaces of great depth, the solar tubes.  
To determine the need for artificial lighting in the crushing and clarification warehouse were 
made several simulations of lighting in RELUX software. This study aimed to determine the po-
tential for installation of lamps with Led bulbs, more efficient and durable, replacing the com-
mon bell equipped with metal halide lamps (HPI-BU). The lamps with Led can achieve the 
same brightness and greater uniformity with less power. This requires a much higher initial in-
vestment but ensures a reduction of annual consumption. Because Led lamp contains an in-
creased level of protection and incorporates newer technology, its cost is very high, which still 
makes this equipment less competitive. 
 
Table 3. Comparative analysis of luminaires 
Use (h): 1440 Electricity (€/kW): 0,27 
Luminaire 
(units):   39 
Unit 
consumption 
(W) 
Unit annual
consumption 
(kW/year)
Total
consumption
(kW/year)
Electricity
annual cost* 
(€/year)
Luminaire 
cost** 
(€) 
Total
installation 
cost (€)
“RUUD” Led 207 298 11.625 3.139 2.920 117.019 
"ARCLUCE" Radio 256 369 14.377 3.882 205 11.877 
Difference 49 71 2.752 743 2.715 105.142 
* Data provided by EDP, 2009           
** Data provided by INOVODECOR, 2009 
3.5 Thermal analysis 
To test the comfort conditions inside the mill tandem and clarification warehouse were devel-
oped several models in Ecotect software based on coating solutions proposed for this building.  
The determination of the contribution to thermal comfort was based on analysis of mean ra-
diant temperature, for 15 September at midday, of four different solutions: simple coating plate, 
cover with garden isolation, total isolation of the environment, integration of a green facade.  
Among the solutions proposed were detected improvements in the thermal comfort of the 
building. 
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3.6 Rating the environmental performance by LiderA system 
The design concept developed was able to achieve a satisfactory classification - Class A, but 
with the outcome and greater definition of the requirements it will be possible to have new pos-
sibilities for improvement.  
As the analysis of the criteria of LiderA held this industrial complex it appears that the meas-
ures required framing this project in terms of the classification, which means they propose 
measures for improvement of 50% compared to current building practices.  
This is indeed a Preliminary Study project, but the progression of this project using the crite-
ria of LiderA makes architectural approach more conscious and sustainable.  
It is noteworthy that the measures taken do not intend to introduce additional costs to the 
project but to integrate a new approach to industrial architecture, making it more flexible and 
reducing its impact on environment. 
4 CONCLUSIONS AND RECOMMENDATIONS 
The functional organization is very effective for separating the various functions within the 
plant and ensures a well organized production cycle.  
The proposed buildings are suitable for the local climate by incorporating the bioclimatic 
strategies, favoring indoor thermal. 
The chosen coatings provide to buildings an aesthetic component that normally does not ap-
pear in most of the building industry, but simultaneously give it a value of functional improve-
ment of environmental conditions.  
The measures provide a considerable reduction in water and energy consumption which bene-
fit company costs. It can be assumed that the described strategies guarantee the sustainability of 
Ladoeiro Alcohol Distillery, which becomes more efficient than the common industries. 
It appears that some measures require a higher initial investment in the implementation phase 
however guarantee a return in near or medium term, besides improve the quality of buildings 
and minimize their impact on environment. 
With the analysis of sustainable strategies for industrial built environment according to the 
criteria of LiderA version 2.00b becomes possible to systematize a set of strategies appropriate 
to the industrial Portuguese context. These measures came as a basis for design concept devel-
oped in the case study, serving as tools for the integration of sustainability in industry. 
In future work would be important to define the weight and number of interventions for each 
criteria, and thus create a LiderA with thresholds adapted to the analysis of this building type.  
The identification of sustainability criteria in the proposed architecture proved to be essential 
for the classification of LiderA. It has also deepened understanding of conceptual issues that 
must be prevalent in the architectural design of industrial buildings.  
Monitoring of all phases of architectural design with sustainable solutions can lead to the 
promotion of a beneficial, innovative, competitive and profitable industrial activity. 
It´s recommended as future work, the analysis and economic viability of this approach to oth-
er industrial buildings, so other investors be aware of the viability of strategies for environmen-
tal performance and the advantages of cost-benefit they may bring.   
This lead to the conclusion that measures of environmental performance can make the indus-
trial sector more competitive nationally and internationally. It´s essential to adopt environmental 
architecture design in industry, to differentiate it from international market. 
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1 INT RODUÇÃO 
No pr e s e nt e  t r a ba l ho e f e c t uou-s e  o e s t udo da  i mpl a nt a ç ã o de  um novo e di f í c i o e s c ol a r  na  l oc a -
l i da de  de  Al c oba ç a , e m Por t uga l . Fe z-s e  um ba l a nç o e ne r gé t i c o do e di f í c i o ut i l i za ndo t é c ni c a s  
pa s s i va s , da s  qua i s  s e  de s t a c a  a  i nc or por a ç ã o de  e ne r gi a s  r e nová ve i s , c ompl e me nt a da s  por  t é c -
ni c a s  a c t i va s  e  ge s t ã o t é c ni c a  c e nt r a l i za da , a na l i s a ndo-s e  a s s i m, o pot e nc i a l  de  a ut o-
s us t e nt a bi l i da de  do e di f í c i o ( Ri be i r o, 2008) . A a ná l i s e  da  a c ç ã o do ve nt o é  pr e ponde r a nt e  pa r a  
a  c a r a c t e r i za ç ã o da  ve nt i l a ç ã o na t ur a l . Ut i l i zou-s e , ne s s e  s e nt i do os  va l or e s  r e c ol hi dos  na  e s t a -
ç ã o me t e or ol ógi c a  de  Al c oba ç a . Pa r a  de f i ni ç ã o da  pr ot e c ç ã o a os  ve nt os  domi na nt e s  e  di mi nui -
ç ã o da  t e mpe r a t ur a  r a di a nt e  f oi  ut i l i za da  ve ge t a ç ã o de  f ol ha  pe r s i s t e nt e , f or ma ndo uma  s e be  
vi va , c onf or me  e s que ma  da  Fi gur a  1. A T ui a , da  f a mí l i a  da s  Cupr e s s a c e a s , pos s ui  um a l t o dé bi -
t o de  e va pot r a ns pi r a ç ã o, a  qua l  r e gul a r i za  e  e qui l i br a  a s  c ondi ç õe s  c l i má t i c a s  e xt r e ma s , c r i a ndo 
um mi c r oc l i ma . Foi  a  e s pé c i e  na t i va  e s c ol hi da , de vi do à  ba i xa  por os i da de  c ons e gui da  na  
i mpl e me nt a ç ã o de  uma  s e be  vi va , di mi nui ndo a  ve l oc i da de  do ve nt o a t é  90%  ( Br a ndl e  e t  a l . 
2005, D. L. 565/ 99) .   
 
C o n cep ção  e Au to matização  d e S is temas  P as s iv o s  e Activ o s  p ara 
u ma Es co la Net Zer o  En erg y B u ild in g  
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ABST RACT :  A ut i l i za ç ã o de  t é c ni c a s  pa s s i va s  e m e di f í c i os  e s c ol a r e s , da s  qua i s  s e  de s t a c a  a  
i nc or por a ç ã o de  e ne r gi a s  r e nová ve i s , c ompl e me nt a da  por  t é c ni c a s  a c t i va s , c onf e r e  a  e s s e s  e di -
f í c i os  um e l e va do pot e nc i a l  de  a ut o-s us t e nt a bi l i da de . A s ua  a ut oma t i za ç ã o, a t r a vé s  de  ge s t ã o 
t é c ni c a  c e nt r a l i za da , c om a  i nt e gr a ç ã o de  a c t ua dor e s  c om pe r s pe c t i va s  i nova dor a s  nos  s i s t e ma s  
de  ve nt i l a ç ã o na t ur a l  e  de  s i s t e ma s  de  pr oduç ã o de  e ne r gi a  r e nová ve l , pot e nc i a  a  c l a s s i f i c a ç ã o 
de s s e s  e di f í c i os  c omo NZEB ( Ne t  Ze r o Ene r gy Bui l di ng) . O a r t i go a pr e s e nt a  a  a ná l i s e  de  um 
novo e di f í c i o e s c ol a r  pa s s í ve l  de s s a  c l a s s i f i c a ç ã o. Pa r a  t a l , a l é m do e nqua dr a me nt o bi oc l i má t i -
c o, de u-s e  pa r t i c ul a r  a t e nç ã o à  c ompone nt e  da  i l umi na ç ã o na t ur a l , a os  s i s t e ma s  de  a r r e f e c i me n-
t o e  a que c i me nt o a t r a vé s  de  ve nt i l a ç ã o c om pe r mut a dor  de  c a l or  a r -s ol o, c ol e c t or  de  a r  e  e f e i t o 
c r uza do ou e f e i t o c ha mi né , ga r a nt i ndo uma  e xc e l e nt e  qua l i da de  do a r  e  c onf or t o i nt e r i or . 
Enc ont r a -s e  a i nda  pr e vi s t a  a  i nt e gr a ç ã o de  s i s t e ma s  a uxi l i a r e s  qua ndo a  c ompone nt e  pa s s i va  
nã o c ons i ga  s upr i r  a s  ne c e s s i da de s  e ne r gé t i c a s  do e di f í c i o. 
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Figur e  1 .  E sq ue ma  d e  ve ge ta ç ã o  e m p e r fil p a r a  p r o te c ç ã o  d o s ve nto s d o mina nte s.  
 
O e di f í c i o t e m c omo e s pa ç o pr i nc i pa l  uma  zona  c om s a l a s  de  a ul a , c om 56 m 2  c a da . Aí  e xi s t e  
um s i s t e ma  de  ve nt i l a ç ã o na t ur a l , c ompos t o por  um c ol e c t or  de  a r  na  f a c ha da  c om qua t r o a be r -
t ur a s  ( r e gi s t os  de  f a c ha da  a ut oma t i za dos )  e m c a da  s e c ç ã o de  s a l a  de  a ul a , dua s  no ní ve l  i nf e r i or  
a  20 c m do pa vi me nt o e  dua s  no ní ve l  s upe r i or  a  50 c m do t e c t o f a l s o. O c ol e c t or  é  a i nda  c om-
pos t o por  6 módul os  PV , mont a dos  s obr e  uma  e s t r ut ur a  e m a l umí ni o, di s pos t os  no s e nt i do N-S, 
di s t a nc i a dos  de  10 c m da  pa r e de . Os  r e gi s t os  de  f a c ha da  a qui  i mpl e me nt a dos  f or a m de s e nvol -
vi dos  por  ( Gonç a l ve s  2005) , no e di f í c i o Sol a r  X X I, t e ndo ne s t e  e di f í c i o a pe na s  a c t ua ç ã o 
ma nua l , de i xa ndo a o c r i t é r i o dos  ut i l i za dor e s  a  s ua  ma ni pul a ç ã o. Ne s t e  e s t udo a ut oma t i zou-s e  o 
f unc i ona me nt o dos  r e gi s t os , a t r a vé s  de  doi s  a c t ua dor e s , um l i ne a r  e  out r o r ot a c i ona l , e m c a da  
r e gi s t o, opt i mi za ndo a  s ua  ut i l i za ç ã o. Pa r a  s e  e f e c t ua r  a  ve nt i l a ç ã o c r uza da  f oi  c ol oc a da  uma  
ba nde i r a  de  l a me l a s  de  vi dr o or i e nt á ve i s  s obr e  a  por t a  de  c a da  s a l a  de  a ul a , a s  qua i s  s ã o a be r t a s  
ou f e c ha da s  e m f unç ã o da  t e mpe r a t ur a , humi da de  e  qua l i da de  do a r  i nt e r i or , e m c ompa r a ç ã o 
c om a  t e mpe r a t ur a  e  humi da de  e xt e r i or , me di da s  por  s e ns or e s  a í  i ns t a l a dos . O e f e i t o da  ve nt i l a -
ç ã o c r uza da  pode  s e r  c ompl e me nt a do c om o e f e i t o de  c ha mi né , ut i l i za ndo os  c or r e dor e s  de  c i r -
c ul a ç ã o a dj a c e nt e s , os  qua i s  t ê m um duc t o que  os  i nt e r l i ga  na  ve r t i c a l  e m t odo o c ompr i me nt o e  
f or ma ndo uma  s a l i ê nc i a  na  c obe r t ur a , na  qua l  s ã o i mpl a nt a da s  a s  gr e l ha s  de  ve nt i l a ç ã o na  s ua  
f a c e  Sul  ( Fi gur a  2) . 
. 
 
 
 
Figur e  2 .  Siste ma  inte gr a d o  d e  ve ntila ç ã o  e  ilumina ç ã o  na tur a l c o m siste ma s d e  fa c ha d a  P V  e m c o le c to r  
d e  a r  e  p e r muta d o r  d e  c a lo r  a r -so lo .  
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A c ol oc a ç ã o de  um r e ve s t i me nt o nos  úl t i mos  2 m do duc t o, e m c ha pa  de  a l umí ni o pol i do, 
pe r mi t e  e l e va r  a  t e mpe r a t ur a  ne s s a  zona , pot e nc i a l i za ndo o e f e i t o de  c ha mi né . É a i nda  i nc or po-
r a do um pe r mut a dor  de  c a l or  a r -s ol o que  ut i l i za  ma ni l ha s  de  be t ã o e nt e r r a da s  à  pr of undi da de  de  
3 m. Es t e  pos s i bi l i t a  a  i nt r oduç ã o de  a r  novo na  s a l a  de  a ul a  pa r a  a que c i me nt o ou a r r e f e c i me n-
t o, c onf or me  a  e s t a ç ã o do a no, uma  ve z que  a s  c ondi ç õe s  de  t e mpe r a t ur a  a o ní ve l  do s ol o s ã o 
pr a t i c a me nt e  c ons t a nt e s . Obt ê m-s e  da í  va nt a ge ns  e vi de nt e s  t a nt o pa r a  o pr oc e s s o de  a que c i -
me nt o c omo de  a r r e f e c i me nt o c ont r ol a do por  a c t ua dor e s  s obr e  r e gi s t o de  c ondut a s  c i r c ul a r e s  de  
ve nt i l a ç ã o. A di f us ã o é  e f e c t ua da  por  um ve nt i l a dor , mont a do a xi a l me nt e  numa  c ondut a  me t á l i -
c a  c i r c ul a r , c om e i xo a  65 c m a c i ma  do pa vi me nt o ( Fi gur a  3) , s e r vi ndo uni c a me nt e  c omo me i o 
c ompl e me nt a r  pa r a  a s s e gur a r  a  qua l i da de  do a r  i nt e r i or , na s  s i t ua ç õe s  de  i ne xi s t ê nc i a  de  ve nt o 
no e xt e r i or  ou qua ndo o ní ve l  de  CO 2 , e s t i ve r  pa r a  a t i ngi r  os  va l or e s  l i mi t e s  r e gul a me nt a r e s  
( EN13779, 2003) . T oda  e s t a  ma ni pul a ç ã o é  e f e c t ua da  a ut oma t i c a me nt e  pe l a  ge s t ã o t é c ni c a  c e n-
t r a l i za da , s e ndo uni c a me nt e  pe r mi t i do a os  ut i l i za dor e s  modi f i c a r e m a l guns  pa r â me t r os  dur a nt e  
um c ur t o pe r í odo de  t e mpo, f i m do qua l  a  ge s t ã o a s s ume  o c ont r ol o. O s i s t e ma  s ol a r  t é r mi c o 
pr oj e c t a do é  c ompos t o por  c ol e c t or e s  i nt e r l i ga dos  pe l a  r e de  de  t uba ge m pr i má r i a , na  c obe r t ur a . 
Es t e  é  c ompos t o por  c ol e c t or e s  pa r a ból i c os  c ompos t os  ( CPC) , c om uma  á r e a  de  1,99m 2 , di s pos -
t os  s e gundo a  or i e nt a ç ã o E-W  e m s upor t e  me t á l i c o de  mont a ge m e m c obe r t ur a  pl a na  e  c om uma  
i nc l i na ç ã o de  60º , de  modo a  obt e r  o má xi mo r e ndi me nt o pa r a  o pe r í odo de  Inve r no e  mi ni mi za r  
os  ga nhos  nos  me s e s  de  J ul ho e  Agos t o. Ne s t e  pe r í odo a s  ne c e s s i da de s  de  á gua  que nt e  s ã o pr a -
t i c a me nt e  nul a s .  
 
 
 
Figur e  3 .  P o r me no r  c o m vista  fr o nta l ( e sq . )  e  c o r te  ( d ir . ) ,  d o  d uc to  e  d ifusã o  d e  a r  d o  siste ma  d e  p e r muta -
d o r  a r -so lo  no  p iso  0 .  
 
Os  64 c ol e c t or e s  s e r ã o a l i nha dos  c om o a zi mut e  Sul , e m pa r a l e l o de  c a na i s , f or ma ndo ba t e -
r i a s  de  4, c om uma  i nt e r di s t â nc i a  mí ni ma  de  2,5m, pa r a  que  no di a  ma i s  de s f a vor á ve l , 21 de  
De ze mbr o, à s  12hor a s , ne nhuma  á r e a  do c ol e c t or  e s t e j a  c om s ombr e a me nt o. Es t e  s i s t e ma  s e r á  a  
f ont e  pr i nc i pa l  de  a que c i me nt o a mbi e nt e  e  AQS do e di f í c i o. No a que c i me nt o f or a m ut i l i za dos  
doi s  s i s t e ma s  di s t i nt os , pi s o r a di a nt e  na  zona  da s  s a l a s  de  a ul a  e  t e r move nt i l a ç ã o c om ba t e r i a s  
de  á gua  que nt e  na  zona  de  s e r vi ç os  e  gi ná s i o do pi s o 2. Es t a  t e r move nt i l a ç ã o é  e xe c ut a da  e m 
doi s  pa t a ma r e s . A pr i me i r a  numa  uni da de  de  t r a t a me nt o de  a r  novo ( UT AN) , a o ní ve l  da  c obe r -
t ur a , onde  s e  e f e c t ua  um pr é -a que c i me nt o pa r a  uma  t e mpe r a t ur a  de  18º C. A s e gunda  c om pós -
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a que c i me nt o e m e s pa ç os  de  c ont r ol o i ndi vi dua l , onde  s e  pe r mi t e  um s a l t o de  + 3º C. Es t a  me di -
da , por  s i  s ó ge r a  e c onomi a  no c ons umo e ne r gé t i c o a s s oc i a do a o f unc i ona me nt o da  UT AN, be m 
c omo a  ut i l i za ç ã o de  ba t e r i a s  de  á gua  que nt e , c uj a  e ne r gi a  t é r mi c a  pr ove m pr i mor di a l me nt e  do 
s i s t e ma  s ol a r  t é r mi c o, t or na  o s i s t e ma  de  a que c i me nt o e xt r e ma me nt e  e c onómi c o. O a poi o à s  
AQS e  AQP é  e f e c t ua do, num pr i me i r o ní ve l  e m f unc i ona me nt o de  t a r i f a  bi -hor á r i a , por  uma  
r e s i s t ê nc i a  e l é c t r i c a  de  9kW  e m c a da  um dos  3 de pós i t os , e  no úl t i mo ní ve l  uma  c a l de i r a  de  
c onde ns a ç ã o c om pot ê nc i a  de  85 kW  e  r e ndi me nt o de  c ombus t ã o de  109% , l i ga da  a o de pós i t o 
de  AQS, na  pa r t e  s upe r i or  do me s mo e  di r e c t a me nt e  à  s a í da  pa r a  o a que c i me nt o, no pr i má r i o do 
s e pa r a dor  hi dr á ul i c o. Es t e  e vi t a  i nt e r f e r ê nc i a s  e nt r e  c i r c ui t os  pe l o f unc i ona me nt o dos  c i r c ul a -
dor e s , t or na ndo-os  i nde pe nde nt e s , poi s  o di f e r e nc i a l  de  pr e s s ã o e nt r e  c ol e c t or e s  de  i da  e  r e t or no 
é  pr a t i c a me nt e  nul o. O s i s t e ma  de  a r r e f e c i me nt o a c t i vo pr e vê -s e  de  ut i l i za ç ã o e s por á di c a  e  de s -
t i na -s e  à s  zona s  do pi s o 2 e  a udi t ór i o no pi s o 1. É c ons e gui do pe l a  i ns t a l a ç ã o de  uma  ba t e r i a  de  
á gua  f r i a  na  UT AN, a  qua l  é  a l i me nt a da  por  um chiller  de  c ompr e s s or  c om bomba  s i mpl e s , 
va s o de  e xpa ns ã o e  de pós i t o de  i né r c i a . Es t a  t e r move nt i l a ç ã o é  e xe c ut a da  e m doi s  pa t a ma r e s , o 
pr i me i r o na  uni da de  de  t r a t a me nt o de  a r  novo ( UT AN) , onde  s e  e f e c t ua  um a r r e f e c i me nt o pa r a  
uma  t e mpe r a t ur a  de  23º C e  o s e gundo, c om pós -a que c i me nt o e m e s pa ç os  de  c ont r ol o i ndi vi -
dua l , onde  s e  pe r mi t e  um s a l t o de  + 3º C. A pot ê nc i a  de  a r r e f e c i me nt o do chiller  é  de  22,5kW , 
c om uma  pot ê nc i a  a bs or vi da  de  8,74kW  e  um EER de  2,57. Nos  ga nhos  pa s s i vos  br ut os , pode m 
s e r  c ont a bi l i za dos  t odos  os  s i s t e ma s  pa s s i vos  c a pa ze s  de  c ont r i bui r  pa r a  a s  ne c e s s i da de s  de  
a que c i me nt o. Ne s t e  c a s o f or a m c ons i de r a dos  c omo pos s í ve i s  de  c ont r i bui ç ã o, os  ga nhos  s ol a r e s  
t é r mi c os  i nt r oduzi dos  nos  s i s t e ma s  de  a que c i me nt o, pi s o r a di a nt e  e  t e r move nt i l a ç ã o, ga nhos  
br ut os  do pe r mut a dor  de  c a l or  a r -s ol o e  ga nhos  pe l o c ol e c t or  de  a r  na  f a c ha da . A pr ot e c ç ã o 
s ol a r  dos  e nvi dr a ç a dos  é  c ons e gui da  pe l a  ut i l i za ç ã o de  e s t or e s  e xt e r i or e s  c om l a me l a s  or i e nt á -
ve i s , pe r mi t i ndo a  modul a ç ã o da  l uz na t ur a l  pa r a  o i nt e r i or  s e m c r i a ç ã o de  e nc a nde a me nt o, 
mi ni mi za ndo os  ga nhos  s ol a r e s  no ve r ã o, a t r a vé s  do s e u f a c t or  g= 0,09, qua ndo na  pos i ç ã o de  
f e c ha do. Na  s i mul a ç ã o PV  f oi  ut i l i za ndo o pr ogr a ma  de  c á l c ul o, “ Sunny De s i gn”  ( Sunny 
De s i gn 2008) , di s poni bi l i za do pe l o f a br i c a nt e  do i nve r s or , a  SM A, na  l oc a l i za ç ã o de  Li s boa , 
l oc a l  ma i s  pe r t o e xi s t e nt e  na  ba s e  de  da dos . Pa r a  e s t e  s i s t e ma  f or a m ut i l i za dos  doi s  t i pos  de  
mont a ge m, um e m c ol e c t or  de  a r  na  f a c ha da , c om uma  i nc l i na ç ã o de  90º  e  out r o s obr e  a  c obe r -
t ur a  do gi ná s i o, onde  c a da  l i nha  t e m uma  i nt e r di s t â nc i a  de  2,5m e  uma  i nc l i na ç ã o de  30º . Ne s t a  
úl t i ma  t i pol ogi a  a pr ove i t ou-s e  a  di s pos i ç ã o ze ni t a l  da  c obe r t ur a , pa r a  na  f a c e  Sul  s e  e f e c t ua r  a  
mont a ge m PV  e  na  f a c e  Nor t e  a  i nt r oduç ã o de  i l umi na ç ã o na t ur a l  a  e s s e  e s pa ç o. A qua l i da de  da  
e ne r gi a  di s poní ve l  no e di f í c i o NZEB é  de  e xt r e ma  i mpor t â nc i a  pa r a  que  no c ont e xt o gl oba l  
a que l e  t e nha  uma  e l e va da  e f i c i ê nc i a  e ne r gé t i c a . For a m s e l e c c i ona dos  e qui pa me nt os  e l é c t r i c os  
de  e l e va da  e f i c i ê nc i a  na  c onc e pç ã o de  um e di f í c i o e s c ol a r , t e ndo s i do da da  pa r t i c ul a r  a t e nç ã o à  
UPS, ut i l i za ndo uma  uni da de  “ On-Li ne ”  de  dupl a  c onve r s ã o c om “ Supe r  Ec o M ode ” , va r i a do-
r e s  de  ve l oc i da de  dos  mot or e s  da s  uni da de s  de  AV AC e  El e va dor , c om e s t e s  a  t e r e m a  c l a s s e  
EFF1 de  e f i c i ê nc i a  e ne r gé t i c a  e m mot or e s . As s i m o gr a u de  t ol e r â nc i a  à s  ha r móni c a s  num s i s -
t e ma  de  a l i me nt a ç ã o de pe nde  da  s us c e pt i bi l i da de  da  c a r ga . T e ndo e m a t e nç ã o e s t e s  a s pe c t os  f oi  
i mpl e me nt a da  no QG, uma  ba t e r i a  de  c onde ns a dor e s  a ut omá t i c a  a nt i -ha r móni c a s  de  50kV Ar , 
que  e m t r ê s  pa t a ma r e s  i nj e c t a  de  f or ma  pr ogr e s s i va , e ne r gi a  r e a c t i va  na  r e de , pa r a  que  o s i s t e ma  
t e nha  um c os ϕ pr óxi mo de  1 e  e l i mi na  a s  ha r móni c a s  a t r a vé s  de  f i l t r os . Es t e  s i s t e ma  é  de  c om-
pe ns a ç ã o pa s s i va  e  a  s ua  e s c ol ha  de ve u-s e , por  um l a do à  t i pol ogi a  da  i ns t a l a ç ã o nã o ne c e s s i t a r  
de  um e qui pa me nt o s of i s t i c a do pa r a  a  c ompe ns a ç ã o do f a c t or  de  pot ê nc i a , t a l  c omo o e xi s t e nt e  
e m c ompe ns a dor e s  a c t i vos , por  out r o, a  s ua  e s c ol ha  de ve u-s e  à s  me nor e s  pe r da s  do s i s t e ma  
pa s s i vo c ompa r a t i va me nt e  c om um a c t i vo, a s  qua i s  s ã o r e s pe c t i va me nt e  de  15W  e  2100W . 
2 RESULT ADOS 
O funcionamento do sistema de permuta será controlado pela gestão técnica centralizada, segundo 
critérios que evitem um sobre-aquecimento ou sobre-arrefecimento no interior do espaço servido, 
mediante as necessidades actuais. Tirando partido da amplitude térmica entre o exterior e o solo à 
profundidade de enterramento da tubagem, que em média ronda os 10ºC, o fluxo de ar fresco 
introduzido no interior do edifício pelo permutador de calor ar-solo, e a sua difusão por efeito tér-
mico com arrastamento por ventilação cruzada para o ducto no corredor ou colector de ar na 
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fachada, cria as condições de conforto interiores, sem necessidade de utilização de sistemas mecâ-
nicos de arrefecimento.  
Na  s i mul a ç ã o da  i l umi na ç ã o na t ur a l  e  i nt e gr a ç ã o c om a  i l umi na ç ã o a r t i f i c i a l , f oi  ut i l i za do o 
pr ogr a ma  de  c á l c ul o “ Di a l ux”   e  e f e c t ua da  a  a va l i a ç ã o de  e ne r gi a  s e gundo a  EN 15193 
( EN15193, 2006) . Al é m do c á l c ul o l umi not é c ni c o onde  s e  de t e r mi nou o pos i c i ona me nt o da s  
l umi ná r i a s  de  modo a  s e  c ons e gui r  um ní ve l  mé di o de  l ux, c or r e s ponde nt e  a  c a da  t i pol ogi a  de  
e s pa ç o e  s ua  ut i l i za ç ã o, f oi  a va l i a da  a  e ne r gi a  dos  s i s t e ma s  i nt e r ve ni e nt e s , a  qua l  é  obt i da  pe l a  
ponde r a ç ã o da s  hor a s  de  ut i l i za ç ã o di ur na s  e  noc t ur na s  a nua i s , c onj uga da s  c om os  f a c t or e s  de  
r e gul a ç ã o, ma nut e nç ã o, pr e s e nç a , a us ê nc i a , e f i c i ê nc i a , a ba s t e c i me nt o de  l uz do di a , c ont r ol o da  
l uz a r t i f i c i a l  e  t r a ns mi s s ã o l umi nos a  dos  e nvi dr a ç a dos .  
A r e gul a ç ã o “ Da yl i ght ”  ( St a f f  , 2004) , que  f oi  i mpl e me nt a da  na s  s a l a s  de  a ul a , i r á  pe r mi t i r  
um a j us t e  a ut omá t i c o na  i l umi na ç ã o a r t i f i c i a l , ma xi mi za ndo a  c ompone nt e  na t ur a l  a t r a vé s  da  
i nt e r a c ç ã o do c ont r ol o s ol a r  nos  e s t or e s  de  l a me l a s  de  l â mi na s  or i e nt á ve i s , nos  doi s  pr i me i r os  
e s pa ç os . 
Na  Fi gur a  4, a pr e s e nt a m-s e  os  r e s ul t a dos  obt i dos  pe l o c á l c ul o no pr ogr a ma  “ Di a l ux” , numa  
s a l a  de  a ul a  t i po. Os  va l or e s  c or r e s ponde m a  uma  ut i l i za ç ã o a  100%  de  i l umi na ç ã o na t ur a l  e  a  
uma  ut i l i za ç ã o da  i l umi na ç ã o a r t i f i c i a l  a  100% , c ompl e me nt a da  pe l a  i l umi na ç ã o na t ur a l . Se  
c ons i de r a r mos  i s ol a da me nt e  os  va l or e s  e ne r gé t i c os  c a l c ul a dos  pe l a  a va l i a ç ã o e ne r gé t i c a  do 
pr ogr a ma  “ Di a l ux” , pe l a s  á r e a s  i l umi na da s  e  nã o i l umi na da s , t e mos  r e s pe c t i va me nt e , 
139,62kW h/ a no e  180,99kW h/ a no, c om o LENI ( EN15193, 2006)  r e s pe c t i vo a  s e r  de  
3,93kW h/ a no.m 2  e  9,08kW h/ a no.m 2 , s e ndo a s  á r e a s  de  c á l c ul o, r e s pe c t i va me nt e  de  35,51m 2  e  
19,93m 2 , pa r a  c a da  s a l a  de  a ul a . O LENI ( EN15193, 2006)  gl oba l  é  de  5,78 kW h/ a no.m 2 , mui -
t í s s i mo i nf e r i or  a o l i mi t e  de  38,1 kW h/ a no e s t a be l e c i do pa r a  e s t a  t i pol ogi a .  
 
 
 
Figur e  4 .  C e ná r io  1  –  1 0 0 % ilumina ç ã o  a r tific ia l; Ce ná r io  2  –  1 0 0 % ilumina ç ã o  na tur a l.  
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Com a  di s pos i ç ã o f i na l  da  c obe r t ur a  ( Si c k 1996, La uka mp e t  a l . 2001) , c ons e gui u-s e  que  a  
i l umi na ç ã o na t ur a l  do gi ná s i o f i c a s s e  c om uma  me l hor  uni f or mi da de  e , a l é m di s s o, f os s e  pos s í -
ve l  a  di s pos i ç ã o de  módul os  na  s upe r f í c i e  or i e nt a da  a  Sul , c om uma  i nc l i na ç ã o i de a l  de  30º , 
s e m obs t r uç õe s  ( Fi gur a  5) . Es t e s  módul os  a l é m da  c ompone nt e  e l e c t r opr odut or a , f a vor e c e m 
a i nda  o e di f í c i o, na  c ompone nt e  t é r mi c a , poi s  c om um U me nor , e xi s t e  uma  c ons e que nt e  r e du-
ç ã o da s  pe r da s  t é r mi c a s  pe l a  c obe r t ur a . Es t a  s ol uç ã o é  t a mbé m ma i s  va nt a j os a , pe l o a ume nt o da  
pr odut i vi da de  e ne r gé t i c a  e  t a mbé m pe l a  di mi nui ç ã o da s  pe r da s  nos  i nve r s or e s , que  s e  t r a duzi u 
numa  pr oduç ã o e ne r gé t i c a  gl oba l  de  84372 kW h/ a no. O c á l c ul o do RSECE ( D.L. 79/ 2006)  na  
t i pol ogi a  monozona , ba s e ou-s e  no mé t odo s i mpl i f i c a do do f a c t or  gl oba l  de  c onve r s ã o, t e ndo 
pa r a  i s s o s i do e s t i ma da s  a s  hor a s  de  f unc i ona me nt o de  c a da  e qui pa me nt o a  i ns t a l a r  no e di f í c i o, 
onde  c om a s  r e s pe c t i va s  pot ê nc i a s , f oi  de t e r mi na do c ons umo e ne r gé t i c o a nua l , c onve r t i da s  pa r a  
e ne r gi a  pr i má r i a . 
 
 
 
Figur e  5 .  Co nfigur a ç ã o  d a  c o b e r tur a  P V  d o  giná sio .  
 
Ne s t e  c á l c ul o obt i ve r a m-s e  os  va l or e s  de  Ce i  =  -0,01 ( kge p/ m 2 .a no)  e  um IEE =  -0,01. A pr e -
vi s ã o do c ons umo de  e ne r gi a  pa r a  os  r e s t a nt e s  e qui pa me nt os  f oi  e f e c t ua da  a t r a vé s  da  e l a bor a -
ç ã o de  um pa dr ã o de  f unc i ona me nt o de  e qui pa me nt os  ( c l i ma t i za ç ã o, t oma da s  e  e qui pa me nt os  
di ve r s os ) , numa  ba s e  a nua l  e m f ol ha  de  c á l c ul o, onde  s e  pr e vê  por  s e c t or e s  o r e s pe c t i vo c ons u-
mo e ne r gé t i c o. Es s a  pr e vi s ã o e m pr oj e c t o é  de  i mpor t â nc i a  e xt r e ma  e  de  gr a nde  di f i c ul da de  
pa r a , c omo é  o c a s o, s e  a t i ngi r  o obj e c t i vo de  t e r  um e di f í c i o c om a  c l a s s i f i c a ç ã o NZEB ( V os s , 
2008) . 
3 CONCLUSÕES 
No pr e s e nt e  t r a ba l ho e f e c t ua -s e  o e s t udo da  i mpl a nt a ç ã o de  um novo e di f í c i o e s c ol a r  na  l oc a l i -
da de  de  Al c oba ç a , e m Por t uga l . Fe z-s e  um ba l a nç o e ne r gé t i c o do e di f í c i o ut i l i za ndo t é c ni c a s  
pa s s i va s , da s  qua i s  s e  de s t a c a  a  i nc or por a ç ã o de  e ne r gi a s  r e nová ve i s , c ompl e me nt a da s  por  t é c -
ni c a s  a c t i va s  e  ge s t ã o t é c ni c a  c e nt r a l i za da , a na l i s a ndo-s e , a s s i m, o pot e nc i a l  de  a ut o-
s us t e nt a bi l i da de  do e di f í c i o. A ut i l i za ç ã o do pe r mut a dor  de  c a l or  a r -s ol o t a nt o pa r a  o pr oc e s s o 
de  a que c i me nt o c omo de  a r r e f e c i me nt o, o qua l  é  c ont r ol a do por  a c t ua dor e s  s obr e  r e gi s t o de  
c ondut a s  c i r c ul a r e s  de  ve nt i l a ç ã o, nã o pe r mi t e  s ubs t i t ui r  um s i s t e ma  de  c l i ma t i za ç ã o de  a r  c on-
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ve nc i ona l , ma s  pode  f or ne c e r  a  ma i or i a  da  e ne r gi a  de  a que c i me nt o ou a r r e f e c i me nt o da  zona  
pr i nc i pa l  do e di f í c i o. A c ha mi né  s ol a r  é  um s i s t e ma  e xt r e ma me nt e  út i l , a i nda  ma i s  qua ndo a pl i -
c a da  na  f a c e  Nor t e  dos  e s pa ç os  de  ma i or  ut i l i za ç ã o, nome a da me nt e  a s  s a l a s  de  a ul a . Es t a  c on-
s e gue  s a t i s f a ze r  t a nt o os  pr oc e s s os  de  ve nt i l a ç ã o c omo os  de  i l umi na ç ã o na t ur a l . No s i s t e ma  de  
ve nt i l a ç ã o, pr i nc i pa l me nt e  no a r r e f e c i me nt o, e s s e  e f e i t o s ubs t i t ui  c om e f i c á c i a  a  a pl i c a ç ã o de  
s i s t e ma s  a c t i vos . O s i s t e ma  de  pi s o r a di a nt e  pr e s e nt e  nos  pi s os  0 e  1 f oi  e s c ol hi do por  f unc i ona r  
c om um s i s t e ma  de  ba i xa  e nt a l pi a . Só a s s i m é  pos s í ve l  a  i nt e gr a ç ã o c om a  pr oduç ã o de  e ne r gi a  
pe l o s i s t e ma  s ol a r  t é r mi c o, a  c us t os  r e nt á ve i s , a l é m de  que  numa  s i t ua ç ã o de  ne c e s s i da de  de  
a poi o pe l a  c a l de i r a  o s e u c ons umo t a mbé m s e r á  me nor , poi s  nã o ne c e s s i t a  de  a t i ngi r  uma  t e m-
pe r a t ur a  t ã o e l e va da . A t e r move nt i l a ç ã o f oi  c ons i de r a da  uni c a me nt e  pa r a  o pi s o 2, f a c e  à  t i po-
l ogi a  de  ut i l i za ç ã o c om ne c e s s i da de s  de  ve nt i l a ç ã o s upe r i or e s  a os  pi s os  0 e  1. O s i s t e ma  de  pr é  
e  pós  t r a t a me nt o do a r , t a nt o no a que c i me nt o c omo no a r r e f e c i me nt o, mos t r ou s e r  uma  me di da  
e f i c i e nt e  de  ge s t ã o dos  r e c ur s os  e xi s t e nt e s  f a c e  à s  pr e vi s í ve i s  r e duzi da s  ne c e s s i da de s  t é r mi c a s  
ne s s e  pi s o. 
A qua l i da de  da  e ne r gi a  na  r e de  do e di f i c o f oi  t a mbé m uma  pr e oc upa ç ã o de s de  i ní c i o de s t e  
e s t udo. Pa r a  t a l , f oi  i nt r oduzi do a  mont a nt e  uma  ba t e r i a  de  c onde ns a dor e s  a ut omá t i c a  c uj o 
obj e c t i vo é  ga r a nt i r  um f a c t or  de  pot ê nc i a  i gua l  a  1. Ne s t e  c a mpo, t a mbé m s e  c ons e gui u que  a  
UPS s e l e c c i ona da , f or ne c e s s e  à  r e de  s oc or r i da  e ne r gi a  c om um f a c t or  de  pot ê nc i a  i gua l  a  1. 
A r e duç ã o de  pr oduç ã o e l é c t r i c a , r e s ul t a nt e  do s i s t e ma  f ot ovol t a i c o t e r  s i do i ns t a l a do na  ve r -
t i c a l  na s  f a c ha da s  f oi  c ont r a ba l a nç a da , e m t e r mos  e ne r gé t i c os , c om a  me l hor i a  dos  ga nhos  t é r -
mi c os  i nt e r nos  da s  s a l a s  de  a ul a , a t r a vé s  do c ol e c t or  de  a r  a s s oc i a do a  e s s a s  e s t r ut ur a s  na  
f a c ha da . A ut i l i za ç ã o de  e qui pa me nt os  c om e l e va da  e f i c i ê nc i a , c onj uga da  c om a  ut i l i za ç ã o de  
t é c ni c a s  pa s s i va s  de  a que c i me nt o e  a r r e f e c i me nt o, c ont r ol a da s  pe l a  ge s t ã o t é c ni c a  c e nt r a l i za da , 
f or a m f ul c r a i s  pa r a  a  c onc r e t i za ç ã o da  c l a s s i f i c a ç ã o NZEB ( V os s , 2008) . Cons e gui u-s e  uma  
pr oduç ã o e l é c t r i c a  gl oba l  s upe r i or  a os  c ons umos  do e di f í c i o. 
A 1ª l e i  da  t e r modi nâ mi c a , de s i gna da  c omo “ Pr i nc í pi o da  Cons e r va ç ã o de  Ene r gi a ”  e  a  l e i  de  
Lavoisier , t ê m uma  r e l a ç ã o i nt r í ns e c a . O que  s e  ve r i f i c a  ne s t e  e s t udo, c ons e gui ndo-s e  a  c l a s s i f i -
c a ç ã o NZEB pa r a  o e di f í c i o e s c ol a r , é  a  de mons t r a ç ã o pr á t i c a  da  a pl i c a ç ã o, “ Na  Na t ur e za  na da  
s e  c r i a , na da  s e  pe r de , t udo s e  t r a ns f or ma ” , s ol uç ã o que  c a da  ve z ma i s  de ve mos  e  t e r e mos  de  
pr os s e gui r  pa r a  um M undo Sus t e nt á ve l . 
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1 INT RODUCT ION 
In t he  l a s t  ye a r s , t he  i nc r e a s e  of  t he  e ne r gy c ons umpt i on i n t he  bui l di ngs  s e c t or , a s  we l l  a s  t he  
i mpr ove d publ i c  s e ns i t i vi t y f or  e nvi r onme nt a l  s ubj e c t s , r e s ul t e d i n a n a t t e mpt  t o f i nd t he  c a us e s  
f or  s uc h oc c ur r e nc e  a nd t o s e a r c h mi t i ga t i on s ol ut i ons  t o t hi s  t e nde nc y. Se ve r a l  s t udi e s  pr e s e nt  
a s  c onc l us i on t ha t  t he r e  i s  a  gr e a t  pot e nt i a l  of  e ne r gy c ons umpt i on r e duc t i on a t  t he  l e ve l  of  
hous i ng a nd s e r vi c e s . Ne w l e gi s l a t i on a nd i nc e nt i ve s  ha ve  be e n c r e a t e d, s howi ng t ha t  t he r e  i s  
a n a t t e mpt  t o a c t  a nd t o i nt e r ve ne  i n t he s e  a r e a s . Ene r gy c ons umpt i on r e duc t i on t o pr e ve nt  
e ne r gy wa s t e  i s  one  of  t he  ma i n obj e c t i ve s  of  t he  Eur ope a n Uni on ( EU) . 
In t hi s  c ont e xt , t he  s e a r c h f or  ne w t e c hnol ogi e s  t o e ne r gy e f f i c i e nc y i n bui l di ngs  i s  ur ge nt  
a nd pe r t i ne nt , onc e  c onve nt i ona l  t e c hnol ogi e s  c ur r e nt l y us e d i n t he  r e f ur bi s hme nt  of  bui l di ngs  
i n t he  mos t  c a s e s  a r e  not  e f f i c i e nt . Compa r e d wi t h t he  t e c hnol ogi e s  t ha t  i nc or por a t e  hi gh 
pe r f or ma nc e  c ompone nt s , c ons t r uc t i on i ndus t r y pr a c t i c a l l y ha s  not  be e n i nt e gr a t i ng 
t e c hnol ogi e s  i n i t s  ope r a t i ons  t o pur s ui t  s us t a i na bi l i t y. 
Ne w a r c hi t e c t ur a l  a nd c ons t r uc t i on pr oduc t s  de ve l ope d t o be  a ppl i e d i n bui l di ng f a c a de s  a r e  
t he  mos t  e f f e c t i ve  wa y t o a c hi e ve  t hi s  a i m. Fa c a de s  a r e  pr i vi l e ge d c ompone nt s  t o pr opos e  
s ol ut i ons , s i nc e  t he y ha ve  a  ma j or  i nf l ue nc e  i n t he  e ne r gy c ons umpt i on of  bui l di ng a nd i n 
oc c upa nt s  c omf or t ;  be c a us e  t he y ha ve  e l e me nt s  t ha t  c ont r i but e  s i gni f i c a nt l y t o t he  he a t  t r a ns f e r . 
T o a i m pr oj e c t  qua l i t y i t  i s  ne c e s s a r y t o s e a r c h f or  ne w f a c a de s  t e c hnol ogi e s  a nd t o i de nt i f y 
pa r a me t e r s  a nd e nvi r onme nt a l  va r i a bl e s  t ha t  c a n s uppor t  t he  pr oc e s s  t o obt a i n a da pt e d s ol ut i ons  
i n or de r  t o r e a c h e ne r gy e f f i c i e nc y a nd i de a l s  c ondi t i ons  of  e nvi r onme nt a l  c omf or t  f or  
oc c upa nt s . 
Fa c a de  t e c hnol ogi e s  we r e  unde r gone  i n t he  l a s t  de c a de s  t o s ubs t a nt i a l  i nnova t i ons  by 
i nt e gr a t i ng s pe c i f i c  e l e me nt s  t o a da pt  t he  me di a t i on of  t he  out s i de  c ondi t i ons  t o us e r  
r e qui r e me nt s , bot h i n t he  qua l i t y of  ma t e r i a l s  a nd c ompone nt s  a nd i n t he  ove r a l l  c onc e pt i on a nd 
F acad es  Mo d u les  f o r Eco -Ef f icien t R ef u rb is h men t o f  B u ild in g s : 
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ABST RACT :  T he  s e a r c h f or  ne w t e c hnol ogi e s  f or  e ne r gy e f f i c i e nc y i n bui l di ngs  i s  ur ge nt  onc e  
c onve nt i ona l  t e c hnol ogi e s  c ur r e nt l y us e d i n t he  r e f ur bi s hme nt  of  bui l di ngs , i n t he  mos t  c a s e s  
a r e  not  e f f i c i e nt . T he  wor k pr e s e nt s  t he  i ni t i a l  s t udi e s  a bout  a  ne w f a c a de  s ys t e m:  " Fa c a de  
M odul e s  f or  Ec o-Ef f i c i e nt  Re f ur bi s hme nt  of  Bui l di ngs " . It  i s  e xpe c t e d t o be  a  ne w t e c hnol ogy 
a mong t he  ne w a nd gr owi ng s e t  of  pr oduc t s  t ha t  wi l l  s ol ve  t he  ne e d f or  f unc t i ona l  a nd a e s t he t i c  
de ma nds . T he s e  ne w e l e me nt s  s houl d r e s ul t  i n a  modul a r  s ys t e m, c a pa bl e  of  be i ng us e d 
c ombi ne d or  s e pa r a t e l y wi t h s i mpl e , f l e xi bl e  a nd ve r s a t i l e  a ppl i c a t i on pr oc e dur e s . Ini t i a l  s t udi e s  
a nd s i mul a t i ons  i n De s i gn Bui l de r  s of t wa r e  we r e  done  ha vi ng a s  obj e c t  a  c e l l  ( 25 m² )  wi t h 
di f f e r e nt  a r r a nge me nt  of  f a c a de  modul e s  wi t h pa s s i ve  a nd c ur r e nt  s ol ut i ons  t o Gui ma r ã e s  c i t y. 
Pr e l i mi na r y r e s ul t s  s how a  de c r e a s e  of  e ne r gy c ons umpt i on i n t he  a na l yze d c a s e s , r e pr e s e nt i ng 
a n a dva nt a ge  f r om pa s s i ve  s ol a r  s ys t e ms  a nd t he  r e duc t i on of  e ne r gy c ons umpt i on. 
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de s i gn of  t he  f a c a de  s ys t e m. T he s e  i mpr ove me nt s  i nc l ude  pa s s i ve  t e c hnol ogi e s , s uc h a s  mul t i  
l a ye r e d gl a zi ng, s un pr ot e c t i ons , ve nt i l a t i ons , e t c  ( Ca s t r i l l ón, 2009) . 
T he  “ i nt e l l i ge nt  gl a s s  f a c a de s ”  i nc l udi ng t he  gl a s s  pe r f or ma nc e , s uc h a s  t he  l a t e  de ve l opme nt  
of  r e f l e c t i ve , l ow-e , s e l f -c l e a ni ng, a bs or be nt , e t c . ha d a  r e l e va nt  de ve l opme nt  i n t he  l a s t  ye a r s . It  
i s  l i ke l y t o t he  i mpa c t  a nd f ur t he r  de ve l opme nt  of  i mpr ove d ma t e r i a l s  a nd c ons t r uc t i on s ys t e ms  
be c ome  wi de s pr e a d. Fa c a de  t ype s  ha ve  be e n s uf f e r i ng a n i mpor t a nt  de ve l opme nt  a nd t he y a r e  
be i ng di f f us e d mor e  a nd mor e , i nc l udi ng ne w t e c hnol ogi e s ,  be s i de s  pa s s i ve  a nd a c t i ve  s ol ut i ons  
of  c l i ma t i c  a da pt a t i on ( Compa gno, 2002) . 
1.1 Recent developments 
T oda y, t he  i nt e gr a t i on of  s e ve r a l  f unc t i ons  i n r e c e nt  de ve l opme nt s  i n t he  f a c a de s  a r e a  ha d 
pr oc e e de d. As  f a c a de  de f i ne s  t he  pot e nt i a l  of  t he  bui l di ng mor e  t ha n a ny a not he r  e l e me nt , i t  
s houl d be  f l e xi bl e  a s  s uc h. T hi s  f l e xi bi l i t y c oul d be  r e a c he d i n s e ve r a l  wa ys , f or  e xa mpl e , i n 
t e r ms  of  t e c hni que s , i mpl e me nt a t i on of  s ol ut i ons  wi t h mobi l e , r e pl a c e a bl e  a nd e xc ha nge d 
e l e me nt s . 
V a r i ous  f a c a de  s ys t e m pr oduc e r s  a nd a r c hi t e c t s  ha ve  r e c e nt l y de ve l ope d s e r vi c e  i nt e gr a t e d 
f a c a de s . T he s e  a r e  c ompos e d of  pa r t s  wi t h f i xe d gl a zi ng, ope r a bl e  wi ndows  a nd de c e nt r a l i ze d 
HV AC s e r vi c e  i ns t a l l a t i ons . 
In t he  de ve l opme nt  i nt e gr a t e d pr oc e s s , f a c i l i t y ma na ge r s , c l i ma t e  de s i gne r s  a nd 
ma nuf a c t ur e r s  of  HV AC c ompone nt s  a r e  i nvol ve d. Due  t o t he s e  s hor t  di s t a nc e s , s uc h uni t s  
pr ovi de  a  hi gh e f f i c i e nc y i n a i r  c ondi t i oni ng a nd he a t  r e c ove r y. As  e ve r y f a c a de  e l e me nt  i s  
e qui ppe d wi t h HV AC i ns t a l l a t i ons , i t  i s  e a s y t o pr ovi de  i ndi vi dua l  c omf or t  c ont r ol  f or  e ve r y 
of f i c e  s pa c e  f or  e xa mpl e . Di s a dva nt a ge s  of  s uc h s ys t e ms  l i e  i n t he  l a c k of  c ompa t i bi l i t y wi t h 
ope r a bl e  wi ndows  a nd ma i nl y i n a  l a r ge  numbe r  of  ma i nt e na nc e  poi nt s  l i ke  f i l t e r s  ( Ebbe r t  & 
K na a c k, 2008) . As  e xa mpl e , t wo t ype s  of  mode r n s ys t e ms  of  f a c a de s  c a n be  me nt i one d, t he  
Ca pr i c or n ( Fi g. 1)  a nd t he  T e mot i on ( Fi g. 2) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  T e mo tio n Fa c a d e .  Re fe r e nc e : W ic o na  P r o d uc to s y Re fe r e nc ia s.  T e mo tio n,  2 0 0 9 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2 .  Ca p r ic o r n Fa c a d e .  Re fe r e nc e : Sc hine id e r  E le c tr ic .  Ca p r ic o r n H a us,  2 0 0 9 .  
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T he  Ca pr i c or n Ha us  Düs s e l dor f  ( Fi g. 2)  ha ve  a n e xt e r i or  f a c a de  wi t h i nt e gr a t e d a c t i ve  
c ompone nt s , wa s  r e c e nt l y de ve l ope d by t he  f i r m T r ox a nd Sc hue c o. T he  de s i gn of  t he  f a c a de  
i nc l ude s  t r a ns pa r e nt  a nd opa que  c ompone nt s , c ombi ni ng vi s i bi l i t y, na t ur a l  l i ght  a nd r e duc t i on 
of  s ol a r  ga i ns , whe n c ompa r e d t o c onve nt i ona l  c ur t a i n wa l l s . T he  Ca pr i c or n Ha us  f a c a de  
i nc or por a t e s  a l l  t he  t e c hnol ogy a nd e qui pme nt  t o r e gul a t e  t he  i ndoor  c l i ma t e . 
T he  c ompa ny W i c ona -Hydr o, t he  Fa c hhoc hs c hul e  Bi be r a c h, a nd t he  Uni ve r s i t ä t  Dor t mund 
ha ve  de ve l ope d a  f a c a de  t ha t  i nc l ude s  a  numbe r  of  f unc t i ons , i nc l udi ng opt i mi ze d e ne r gy 
ma na ge me nt , a ut oma t i c  a dj us t me nt  of  he a t i ng a nd c ool i ng ne e ds  a nd na t ur a l  a nd me c ha ni c a l  
ve nt i l a t i on. Al s o i nt e gr a t e d i n t he  f a c a de  a r e  s un a nd gl a r e  s hi e l ds , a nd i t  i s  a l s o pos s i bl e  t o 
r e gul a t e  t he  da yl i ght  a dmi s s i on a nd l i ght i ng, a s  we l l  a s  t he  c ol our  of  t he  l i ght  ( Ca s t r i l l ón, 
2009) . 
T he  ma i n f e a t ur e  i s  t he  i nt e gr a t i on of  a  ve r t i c a l  ope r a bl e  e l e me nt  i n t he  f a c a de  t ha t  a l l ows  
na t ur a l  ve nt i l a t i on a nd a t  t he  s a me  t i me  i nc l ude s  wi t hi n t he  vol ume  of  t he  ve r t i c a l  l ouve r e d 
s pa c e  t o r e c e i ve  e qui pme nt  t ha t  pr ovi de s  me c ha ni c a l  he a t i ng c ool i ng a nd ve nt i l a t i on whe n 
ne e de d. T he  box-c a s e d doubl e  f a c a de  i n t he  wi ndow e l e me nt  i s  s e pa r a t e d f r om t he  ve nt i l a t i on 
s ys t e m, a l l owi ng di r e c t  f r e s h a i r  a dmi s s i on. Addi t i ona l  f e a t ur e s  a r e  t he  de f l e c t i on of  na t ur a l  
l i ght  a nd t he  i nt e gr a t i on of  a r t i f i c i a l  l i ght  i n t he  modul e . 
In t he  ne w f a c a de s  t e c hnol ogi e s , t he  f ut ur e  f or e s e e s  t he  us e  of  ma t e r i a l s  t ha t  c a n pr ovi de  
s e ve r a l  f unc t i ons . T he  obj e c t i ve  i s  t he  de ve l opme nt  i n me mbr a ne s , mol e c ul e s  a nd 
na not e c hnol ogy a r e a  ( na no c oa t i ngs , a dhe s i ve  ma t e r i a l s  t e c hnol ogy, s ma r t  ma t e r i a l s  - gl a s s  
c oa t i ngs , pha s e  c ha nge  ma t e r i a l s , e t c .) . T he  " f ut ur e  e nve l ope "  i nc l ude s  i ns ul a t i on, t r a ns pa r e nc y, 
a i r  qua l i t y, wa t e r pr oof i ng a nd f l e xi bl e  pe r me a bi l i t y ( K na a c k & K l e i n, 2008) . 
T he  f ut ur e  f a c a de  i nc l ude s  va r i ous  f unc t i ona l i t i e s . A be t t e r  i nt e gr a t i on wi t h t he  bui l di ng 
s e r vi c e s  c onc e pt , s uc h a s  a da pt a bi l i t y i n r e s pons e  t o c ha ngi ng c l i ma t i c  c ondi t i ons  a nd us e r  
r e qui r e me nt s , a s  we l l  a s  t he  i nt e gr a t i on wi t h t he  s t r uc t ur e  of  t he  bui l di ng a r e  a l l  t a s ks  of  
“ t omor r ow f a ç a de ” . Ene r gy c ons i de r a t i ons  c ons t i t ut e  t he  ma i n dr i vi ng f or c e  be hi nd ne w 
de ve l opme nt s  i n t he  f a c a de  i ndus t r y:  t he  ne c e s s i t y of  e ne r gy s a vi ngs , i ns ul a t i on a ga i ns t  he a t  
a nd c ol d, e ne r gy s t or a ge  me a s ur e s  a s  we l l  a s  a l t e r na t i ve s  f or  e ne r gy ge ne r a t i on ha ve  t o be  
e xpl or e d ( K na a c k e t  a l , 2007) . 
Howe ve r  i t  i s  obs e r ve d t ha t  s ome  f a c a de  modul e s  or  pa ne l s  ha ve  l a r ge r  di me ns i ons  t o 
i nt e gr a t e  f a c a de  s ys t e ms  wi t h va r i ous  f unc t i ons . T hi s  s t a nda r di ze s  t he  bui l di ng r e s pe c t i ng 
a e s t he t i c , a nd, f ur t he r mor e , de c r e a s e s  t he  a r c hi t e c t ’ s  f r e e dom of  c r e a t i on. 
T he  i de a l  woul d be  t he  de ve l opme nt  of  a  dyna mi c  a nd f l e xi bl e  f a c a de  s ys t e m i n wa y t o a da pt  
t o t he  c l i ma t i c  c ha nge s , t o t he  oc c upa nt s  r e qui r e me nt s  a nd, howe ve r , t o a da pt  t o t he  bui l di ng. 
An i de a  woul d be  t he  de ve l opme nt  of  a  s ys t e m t ha t  f a c i l i t a t e d t he  a s s e mbl y of  t he  f a c a de , 
c ont a i ni ng pa s s i ve  e l e me nt s , gl a zi ng a nd of  r e c e pt i on of  s ol a r  e ne r gy t o i mpr ove  t he  c omf or t  
c ondi t i ons  i n a gr e e me nt  wi t h t he  c l i ma t i c  ne e ds  a nd be  mount e d i n a gr e e me nt  wi t h t he  s ol a r  
or i e nt a t i ons  a nd wa nt e d f unc t i ons . 
Be f or e  i n t hi s  a r t i c l e  pr e s e nt s  t he  i ni t i a l  s t udi e s  on t he  de ve l opme nt  of  a  ne w f a c a de  s ys t e m:  
" Fa c a de  M odul e s  f or  Ec o-e f f i c i e nt  Re f ur bi s hme nt  of  Bui l di ngs " . W a i t e d t ha t  t hi s  s ys t e m i s  a  
t e c hnol ogy i n t he  ne w a nd gr owi ng ne e d of  pr oduc t s  t ha t  s ol ve  t he  l e ga l , f unc t i ona l  a nd 
a e s t he t i c  de ma nds , e xe c ut i ng t he  f unc t i on of  r e duc i ng t he  e ne r gy e xpe ns e s  wi t h HV AC s ys t e ms  
a nd l i ght i ng i n hous i ng a nd of f i c e  bui l di ngs , i nc r e a s e  t he  be ne f i t s  of  t he  s ol a r  r a di a t i on us e ;  t o 
be  a  ve r s a t i l e , i nnova t i ve  a nd a t t r a c t i ve  pr oduc t  t o be i ng a ppl i e d i n t he  whol e  bui l di ngs  t ype , 
e xi s t i ng bui l di ngs  ( r e f ur bi s hme nt  s ol ut i ons )  or  ne w bui l di ngs , a l l owi ng t o a r c hi t e c t s  a n a c t i ve  
dr a wi ng a nd a ppl i c a t i on of  t hi s  f a c a de  s ol ut i on. 
2 OBJ ECT IV ES 
T he  ma i n obj e c t i ve  i s  pr e s e nt s  t he  i ni t i a l  r e s ul t s  of  t he r ma l  pe r f or ma nc e  s i mul a t i ons  t o pr ove  
a dva nt a ge s  of  pa s s i ve  e l e me nt s  i nc or por a t i on i n a  pr opos a l  t o modul a t e  f a c a de  s ys t e m, wi t h t he  
pur pos e  of  de c r e a s i ng he a t i ng e ne r gy c ons umpt i on. 
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3 M ET HODOLOGY 
In t hi s  i ni t i a l  r e s e a r c h s t udi e s  we r e  a c c ompl i s he d by me a ns  of  c omput a t i ona l  s i mul a t i on wi t h 
t he  s of t wa r e  De s i gn Bui l de r  f or  a  mode l  t ha t  wi l l  be  de t a i l e d l a t e r  on. Ini t i a l  s i mul a t i ons  wi t h 
di f f e r e nt  gl a zi ng t ype s  we r e  ma de . La t e r  on we r e  pr opos e d i n t hos e  mode l  di f f e r e nt  
a r r a nge me nt s  of  f a c a de  modul e s  wi t h pa s s i ve  a nd t r a di t i ona l  s ol ut i ons  f or  t wo e nve l ope  t ype s :  
a  Por t ugue s e  t r a di t i ona l  s ys t e m i n doubl e  ma s onr y a nd a  l i ght  ga uge  s t e e l  f r a mi ng s ys t e m. 
3.1 Design Builder Software 
De s i gn Bui l de r  s of t wa r e  i s  a  f r i e ndl y gr a phi c  i nt e r f a c e  f or  t he  pr ogr a m Ene r gyPl us  s i mul a t i on 
e ngi ne , t o t he  f a mi l y of  s of t wa r e  t ool s  f or  mode l i ng bui l di ng f a c a de s  a nd f e ne s t r a t i on s ys t e ms . 
De ve l ope d f or  us e  a t  a l l  s t a ge s  of  bui l di ng de s i gn, De s i gn Bui l de r  c ombi ne s  s t a t e -of -t he -a r t  
t he r ma l  s i mul a t i on s of t wa r e  wi t h a n e a s y-t o-us e  ye t  powe r f ul  3D mode l l e r . T hi s  s of t wa r e  
a l l ows  c a l c ul a t i ng bui l di ng e ne r gy us e ;  e va l ua t i ng f a c a de  opt i ons  f or  ove r he a t i ng a nd vi s ua l  
a ppe a r a nc e ;  vi s ua l i za t i on of  s i t e  l a yout s  a nd s ol a r  s ha di ng;  t he r ma l  s i mul a t i on of  na t ur a l l y 
ve nt i l a t e d bui l di ngs ;  l i ght i ng c ont r ol  s ys t e ms  mode l  s a vi ngs  i n e l e c t r i c  l i ght i ng f r om da yl i ght ;  
Ca l c ul a t i ng he a t i ng a nd c ool i ng e qui pme nt  s i ze s , e t c . 
3.2 Standard Model Definition 
For  t he  de f i ni t i on of  t he  " s t a nda r d mode l "  wa s  c ons i de r e d a  one -s t or e y i s ol a t e d c e l l , wi t h 
r e gul a r  ge ome t r y 5,0 x 5,0 ( 25m² )  ( Fi g. 3)  a nd a  c e i l i ng he i ght  of  2,80m, a nd a  t ot a l  di me ns i on 
of  2,5 x 2,5 ( 6,25m² )  f or  t he  f a c a de  modul e s  c ompos i t i on. T he s e  di me ns i ons  t r y t o obe y t he  
r e c omme nda t i ons  f r om “ Regulamento Geral das Edificações Urbanas ”  of  Por t uga l  
( RGEU, 2007) . 
 
 
 
Figur a  3 .  Sta nd a r d  M o d e l  
3.3 Envelope 
Si mul a t i ons  we r e  e xe c ut e d f or  t he  s out h s ol a r  or i e nt a t i on, c ons i de r i ng t he  a nnua l  pe r i od f or  
Gui ma r ã e s  c i t y. A por t ugue s e  t r a di t i ona l  s ys t e m i n doubl e  ma s onr y a nd wa l l s  us ua l l y us e d i n a  
l i ght  ga uge  s t e e l  f r a mi ng s ys t e m wa s  c ons i de r e d i n t he  mode l  f or  t he  opa que  e nve l ope . T he  
t r a di t i ona l  s ys t e m i s  c ompos e d by l i ght we i ght  c onc r e t e  s l a bs  a nd i ns ul a t i on ( s t one  wool ) ;  
e xt e r na l  wa l l s  i n doubl e  ma s onr y wi t h i nt e r i or  i ns ul a t i on a nd c e me nt  mor t a r  pl a s t e r . T he  l i ght  
ga uge  s t e e l  f r a mi ng s ys t e m i s  a l s o c ompos e d by l i ght we i ght  c onc r e t e  s l a bs  a nd ot he r  i ns ul a t i on 
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c ompone nt s  ( e xpa nde d pol ys t yr e ne  - EPS) , a nd EIFS ( Ext e r na l  Ins ul a t i on a nd Fi ni s h Sys t e m) , 
OSB boa r ds , s t one  wool  a nd gyps um pl a s t e r boa r d wa s  us e d i n t he  wa l l s . 
T a bl e  1 pr e s e nt s  t he r ma l  t r a ns mi s s i on c oe f f i c i e nt  va l ue s  ( W / m²  º C)  f or  por t ugue s e  t r a di t i ona l  
s ys t e m c ompone nt s . It  wa s  i ni t i a l  s i mul a t i ons ;  t hi s  wa y wa s  c ons i de r e d f or  t he  t r a di t i ona l  
s ys t e m s l a bs  t he  c ompos i t i on of  t he  l i ght we i ght  c onc r e t e  a nd i ns ul a t i on l a ye r s  onl y. 
 
T a b le  1 .  Synthe sis - T he r ma l tr a nsmissio n c o e ffic ie nt va lue s ( W /m²  º C)  
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Internal Gains 
RC CT E Por t ugue s e  s t a nda r d ( RCCT E, 2006)  pr e s e nt s  4W / m²  a s  va l ue  f or  r e f e r r i ng t o t ot a l  
i nt e r na l  ga i ns  ( oc c upa t i on, l i ght i ng a nd e qui pme nt s ) , howe ve r  due  t o pos s i bi l i t i e s  a nd 
s i mul a t i on opt i ons  of f e r e d by t he  s of t wa r e  De s i gn Bui l de r , t he  i nt e r na l  ga i ns  wa s  s e pa r a t e d f or  
t he  oc c upa t i on, l i ght i ng a nd e qui pme nt s  ( T a bl e  2) . 
 
 
T a b le  2 .  I nte r na l G a ins ( W /m² )  
I nte r no s G a ins V a lo r e s ( W /m² )  
O c c up a tio n * 5 , 6  W /m²  ( 2  p e o p le )  
Lighting * 9 , 4  W /m²  
E q uip a me nts 8  W /m²  
* V a lue s fr o m Swiss sta nd a r d .  
 
As  RCCT E s t a nda r d doe s  not  c ont e mpl a t e  s c he dul e s  ( da ys  of  t he  we e k, hour  a nd t i me )  of  
oc c upa t i on, l i ght i ng a nd e qui pme nt s  us e  f or  hous i ng bui l di ngs , t hos e  va l ue s  we r e  a dopt e d f r om 
r e s e a r c h " Obt e nç ã o dos  pe r f i s  de  ut i l i za ç ã o, i l umi na ç ã o e  de  e qui pa me nt os  da s  ha bi t a ç õe s  
r e s i de nc i a i s  "  ( SOUZA, 2008) . 
3.5 Temperatures 
T he  va l ue  20°C wa s  c ons i de r e d a s  r e f e r e nc e  of  he a t i ng i ndoor  t e mpe r a t ur e  ( wi nt e r )  a nd 25°C 
f or  c ool i ng i ndoor  t e mpe r a t ur e  ( s umme r ) , i n a gr e e me nt  wi t h RCCT E. 
3.6 Glazing 
Af t e r  t he  e xe c ut i on of  3 gl a zi ng t ype s  s i mul a t i ons  ( T a bl e  3)  f or  a  pr oj e c t  t ypi c a l  da y i n wi nt e r  
( De c e mbe r  21)  a nd s umme r  ( J une  21) , wa s  c hos e  t he  s ol a r  c ont r ol  gl a zi ng t o do t he  f a c a de s  
c ompos i t i on of  t he  i ni t i a l  s i mul a t i ons . 
 
T he r ma l tr a nsmissio n c o e ffic ie nt - T r a d itio na l Syste m 
E le me nt T hic kne ss 
( c m)  
U  ( W /m² )  
º C)  E xte r na l W a lls 0 , 3 6 5  0 , 4 6 4  
Ro o f 0 , 2 5  0 , 5 8 4  
G r o und  Flo o r  0 , 3 0  0 , 5 7 8  
T he r ma l tr a nsmissio n c o e ffic ie nt –  LG SF Syste m 
E le me nt T hic kne ss 
( c m)  
U  ( W /m²  º C)  
E xte r na l W a lls 0 , 1 9 9  0 , 1 4  
Ro o f 0 , 2 2 3  0 , 2 1 6  
G r o und  Flo o r  0 , 2 7  1 , 2 4 8  
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T a b le  3 .  G la z ing T yp e s 
G la z ing O ute r mo st P a ne  I nne r  P a ne  
D o ub le  So la r  
Co ntr o l  
So la r  Co ntr o l G la ss 
6 mm  
Lo w-e  G la ss 
6 mm  
D o ub le  Se lf-
Cle a nning 
Se lf-Cle a nning 
G la ss 6 mm 
Lo w-e  G la ss 
6 mm 
Simp le  G la ss Simp le  e xtr a -c la r o  flo a t gla ss 6 mm 
3.7 Module variety 
T he  f a c a de  modul e s  c ons i de r e d i n t he  s i mul a t i ons  we r e :  
- St a nda r d modul e  ( SM ) :  ba s i c a l l y c ompos e d f or  doubl e  gl a s s  wi t h t hi c kne s s  of  6mm ( s ol a r  
c ont r ol  gl a s s  a nd l ow-e  gl a s s )  a nd a i r  l a ye r  of  12mm;  
- T r ombe  wa l l  modul e  ( T W ) :  a n e xt r a -c l e a r  f l oa t  gl a s s  ( 6mm)  f or  t he  c ompos i t i on of  t r ombe  
wa l l  ( 0,5 x 2,50m² )  wa s  us e d t o t hi s  modul e . T hi s  gl a s s  ha s  a  hi gh s ha di ng c oe f f i c i e nt  ( SC)  
a l l owi ng t he  ma xi mum s ol a r  r a di a t i on pe ne t r a t i on. T he  t r ombe  wa l l  wa s  c ons i de r e d wi t h a nd 
wi t hout  s upe r i or  a nd i nf e r i or  ve nt i l a t i on ope ni ng ( 0,10 x 0,20m² )  i n t he  s t or a ge  wa l l . 
In wi nt e r  t he s e  ope ni ngs  s t a ye d ope n f r om 9: 00h t o 18: 00h a nd i n s umme r  c l os e d dur i ng t he  
da y a nd ope ne d dur i ng a t  ni ght . Fur t he r mor e  wa s  c ons i de r e d i n t he  t r ombe  wa l l  a  box-of -a i r , t o 
5c m of f s e t  of  gl a zi ng. T r ombe  wa l l  s t or a ge  e l e me nt  wa s  c ompos e d i n t r a di t i ona l  c onc r e t e  
( 0,15m of  t hi c kne s s ) . Fi gur e s  4a , b, c  pr e s e nt s  t he  f a c a de  c ompos i t i ons  s i mul a t e  f or  Gui ma r ã e s  
c i t y i n Por t uga l . 
 
   
Figur e  4 .  Fa c a d e  M o d ule .  a .  Sta nd a r d  mo d ule  fa c a d e  ( lo w-e  d o ub le  gla ss) ; b .  1  T r o mb e  wa ll a nd  sta nd a r d  
mo d ule ; c .  2  T r o mb e  wa ll a nd  sta nd a r d  mo d ule .  
4 RESULT S 
T he  f i r s t  r e s ul t s  pr e s e nt s  t he  i nt e r na l  t e mpe r a t ur e s  f or  a  t ypi c a l  pr oj e c t  da y i n t he  W i nt e r  
( De c e mbe r  21)  a nd i n t he  Summe r  ( J une  21) , wi t h us e  of  di f f e r e nt  gl a zi ng a nd s uns ha de s  
( hor i zont a l  bl i nds  a nd ove r ha ng)  i n t he  f a c a de . 
4.1 Glazing 
Fi gur e  5 a nd 6 pr e s e nt  t he  me a n a i r  t e mpe r a t ur e  va r i a t i on f or  wi nt e r  a nd s umme r  wi t h t he  us e  
of  t hr e e  gl a zi ng c ompos i t i ons :  s ol a r  c ont r ol  gl a s s , s e l f -c l e a ni ng gl a s s  a nd e xt r a -c l e a r  f l oa t  gl a s s . 
Cons i de r i ng t ha t :  SCG =  doubl e  s ol a r  c ont r ol  gl a s s  CG =  doubl e  s e l f -c l e a ni ng gl a s s  a nd 
ECG =  Si mpl e  e xt r a -c l e a r  f l oa t  gl a s s . 
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 Figur e  5 .  I nd o o r  T e mp e r a tur e  - W inte r  
 
Summer - Indoor Temperature: Glazing 
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Figur e  6 .  I nd o o r  T e mp e r a tur e  -  Summe r  
 
 
Gr a phs  i ndi c a t e  t ha t  f or  wi nt e r , t ha t  e xt r a -c l e a r  f l oa t  gl a s s  us e  pr ovi de d a n i nc r e a s e  of  t he  
i ndoor  t e mpe r a t ur e  t owa r ds  ot he r  gl a zi ng t ype s ;  t hi s  i ndi c a t e s  t ha t  gl a s s  t ype  pr e s e nt s  a  good 
pe r f or ma nc e  t o us e  i n pa s s i ve  s ys t e ms  a s  t r ombe  wa l l . 
Doubl e  s ol a r  c ont r ol  a nd doubl e  s e l f -c l e a ni ng gl a zi ng ha d pr a c t i c a l l y i de nt i c a l  pe r f or ma nc e . 
Doubl e  s ol a r  c ont r ol  a nd doubl e  s e l f -c l e a ni ng gl a zi ng ha d t e mpe r a t ur e s  be l ow t he  ma xi mum 
r e c omme nde d by RCCT E ( 25º C)  f or  t he  s umme r . Si mpl e  gl a zi ng ha d hi ghe r  t e mpe r a t ur e s . 
Choos i ng r a ndoml y t he  doubl e  s ol a r  c ont r ol  gl a zi ng, f or  e xa mpl e , a nd c ons i de r i ng t he  us e  of  
hor i zont a l  bl i nds  a nd ove r ha ng wa s  obt a i ne d r e s ul t s  of  i ndoor  t e mpe r a t ur e s  f or  wi nt e r  a nd 
s umme r  i n a gr e e me nt  wi t h t he  Fi gur e  7 a nd 8. 
Winter - Indoor Temperature: Glazing
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Winter - Indoor Temperature: Solar Control Glass
Horizontal Blinds and Overhang
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Figur e  7 .  I nd o o r  T e mp e r a tur e  - W inte r .  
 
Summer - Indoor Temperature: Solar Control Glass
Horizontal Blinds and Overhangs
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Figur e  8 .  I nd o o r  T e mp e r a tur e s - Summe r .  
 
 
T ha t  i ndi c a t e s  t he  t e mpe r a t ur e  di f f e r e nc e s  be t we e n hor i zont a l  bl i nds  us e  t owa r ds  hor i zont a l  
ove r ha ng us e . Hor i zont a l  bl i nds  c a us e d a  me a n a i r  t e mpe r a t ur e  de c r e a s e  i n wi nt e r , t hi s  me a ns  
t ha t  i t  f or  us e  i n t he  f a c a de  s houl d be  mobi l e , i n wa y t o f a c i l i t a t e  t he  s ol a r  r a di a t i on e nt r a nc e  i n 
t he  wi nt e r  a nd t o c a us e  a n i ndoor  t e mpe r a t ur e s  i nc r e a s e . For  s umme r , hor i zont a l  bl i nds  us e  
i mpl i e d i n t he  i ndoor  t e mpe r a t ur e s  de c r e a s e  mor e  t ha n hor i zont a l  ove r ha ng us e . 
Fi gur e  9 pr e s e nt s  t he  he a t i ng e ne r gy va l ue s  ne e ds  f or  5 t ype s  of  f a c a de s  c ompos i t i on, 
s i mul a t e d f or  Gui ma r ã e s  c l i ma t e  a nd pos i t i one d i n t he  s out h s ol a r  or i e nt a t i on. 
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Figur e  9 .  H e a ting E ne r gy N e c e ssity  
 
 
Fi gur e  9 s how t ha t  wa l l s  a nd s l a bs  of  t he  l i ght  ga uge  s t e e l  f r a mi ng s ys t e m us e  i n t he  
s i mul a t i on mode l  ha d s ma l l e r  e ne r gy c ons umpt i on f or  he a t i ng, ma i nl y due  t o f a c a de  wi t h 2 
t r ombe  wa l l s . 
De c r e a s e  of  t he  e ne r gy c ons umpt i on ha ppe ns  i n a gr e e me nt  wi t h t he  a ddi t i on of  he a t i ng 
pa s s i ve  s ol ut i ons , i n t hi s  c a s e  t r ombe  wa l l . T a bl e  4 pr e s e nt s  t he  e ne r gy e xpe ns e s  de c r e a s e  ba s e d 
i n a  doubl e  s ol a r  c ont r ol  gl a s s  f a c a de  ( Sol a r  c ont r ol  gl a s s  6mm - Ai r  12mm - l ow-e  gl a s s  6mm) . 
 
T a b le  4 .  Co nsump tio n d e c r e a se  a c c o r d ing to  the  fa ç a d e  typ e .  
Co ve r  Fa c a d e s T yp e  Annua l H e a ting N e c e ssity ( kW h)  % 
Trad
itional 
Fa c a d e  -  Low-e Glass 8 6 3 , 5 9  -  
Fa c a d e  -  2  T r o mb e  W a lls  8 3 5 , 9 4  - 3 , 2 0  
Fa c a d e  - 2  V e ntila te d  T r o mb e  
W a lls 8 3 5 , 7 8  -3 , 2 2  
Fa c a d e  - 1  T r o mb e  W a ll  8 5 2 , 7 1  - 1 , 2 6  
Fa c a d e  -  1  V e ntila te d  T r o mb e  W a ll  8 5 2 , 7 1  - 1 , 2 6  
LGSF
 
Fa c a d e  -  Low-e Glass 7 7 4 , 8  -  
Fa c a d e  -  2  T r o mb e  W a lls  6 7 4 , 1 8  - 1 2 , 9 9  
Fa c a d e  - 2  V e ntila te d  T r o mb e  
W a lls 6 7 1 , 4 9  -1 3 , 3 3  
F a c a d e  - 1  T r o mb e  W a ll  7 2 1 , 9 6  - 6 , 8 2  
Fa c a d e  -  1  V e ntila te d  T r o mb e  W a ll  7 2 1 , 9 6  - 6 , 8 2  
5 CONCLUSIONS 
Pa s s i ve  t e c hnol ogi e s  bot h f or  he a t i ng a nd c ool i ng, ha ve  a  de c i s i ve  i mpor t a nc e  t o c a r r y out , a nd 
a r e  ne c e s s a r y t ha t  ne w s t udi e s  a r e  de ve l ope d t o de mons t r a t e  e f f e c t i ve ne s s  a nd i mpor t a nc e  i t s  t o 
t he  e ne r gy c ons umpt i on de c r e a s e . Pr e l i mi na r y r e s ul t s  s howe d a n e ne r gy c ons umpt i on de c r e a s e  
t o he a t i ng ( 13% )  wi t h t he  i nc or por a t i on of  pa s s i ve  t e c hnol ogi e s  ( t r ombe  wa l l ) . T hi s  i ndi c a t e s  
t he  a dva nt a ge s  of  t he  pa s s i ve  s ol ut i ons  i nc or por a t i on i n t he  f a c a de . 
T he r e a f t e r  i t  i s  wa i t e d t ha t  t he s e  f a c a de  modul e s  a ppl i c a t i on, wi t h ot he r  t ype s  of  pa s s i ve  
s ol ut i ons , be s i de s  t hos e  s t udi e d, c ont r i but e  f or  t he  e ne r gy c ons umpt i on r e duc t i on wi t h s ys t e ms  
HV AC a nd l i ght i ng i n t he  bui l di ngs , i nc r e a s i ng t he  be ne f i t s  of  t he  s ol a r  r a di a t i on us e . Int e nd t o 
c r e a t e  ve r s a t i l e , i nnova t i ve  a nd a t t r a c t i ve  modul e s , pos s i bl e  of  be i ng a ppl i e d i n t he  whol e  
bui l di ngs  t ypol ogy, r e f ur bi s hme nt  s ol ut i ons  a nd ne w bui l di ngs , a l l owi ng t o t he  a r c hi t e c t s  a n 
a ppl i c a t i on of  t hi s  f a c a de  s ol ut i on i n t he i r  pr oj e c t s . 
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1 INTRODUCTION 
Alkali-silica reaction (ASR) is one of the chemical degradation causes of concrete with mineral 
aggregates (CMA). These reactions are included among the internal expansive reactions and oc-
cur in the simultaneous presence of high amounts of alkalis, reactive aggregates and humidity. 
During the reaction a silica-alkaline gel is developed that expands in the presence of humidity 
leading to various phenomena within the concrete that condition and change its properties. Re-
search in this area has tried mostly to understand the expansive mechanism and the methodolo-
gies for its prevention and mitigation. 
The incorporation of recycled aggregates (RA) in concrete, namely those from crushed con-
crete, as a complement to mineral aggregates (MA) leads to some questions related to its dura-
bility. In order to know the CRA in the same areas as the CMA it is necessary to study the pos-
sible causes of their degradation. 
The theme of the research work presented in this paper was triggered by the possible occur-
rence of ASR in CRA and its manifestation perhaps being a consequence of the potential reac-
tivity of the RA from the original crushed concrete. 
An experimental campaign on ASR in CRA is presently being developed in order to under-
stand how the total or partial incorporation of RA in concrete changes this deleterious reaction 
development, and to what extent the incorporation of RA in concrete is effective without risk of 
ASR. 
Various CRA will be produced containing different replacement ratios of coarse MA with 
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ABSTRACT: Since there is a possibility of incorporating recycled aggregates (RA) as a com-
plement to primary aggregates (PA) in concrete production, taking advantage of construction 
and demolition waste, there are some questions on the durability of concrete with recycled ag-
gregates (CRA) that need to be answered. 
The durability of concrete with primary aggregates only (CPA) is conditioned, among other fac-
tors, by its degradation due to alkali-silica reactions (ASR). Since the first cases of ASR in CPA 
were identified, this expansive reaction has been a research theme resulting in the development 
of prevention and mitigation methodologies and in the comprehension of the chemical reactions 
involved. 
The present paper proposes to describe the current development of a research program on ASR 
in CRA based on an experimental campaign involving the production of CRA with different re-
placement ratios of coarse PA with coarse concrete RA, the use of different cement classes, and 
variations on the concrete curing conditions and on the reactivity of the mixes. 
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concrete coarse RA, different cement classes, variations in the weathering conditions of the 
original concrete (OC) and in the reactivity of the mixes. 
In the various situations under analysis there is always a reference concrete, exclusively with 
MA. The RA for replacement purposes comes from an OC whose origin and characteristics are 
controlled. 
2 RESEARCH RELATED TO ASR IN CRA 
CRA have various properties apart from those of CMA that may lead to a different performance 
concerning ASR. There are studies on the topic of ASR in CRA, some of which are included in 
the references at the end of this paper, which mention the occurrence of ASR in the accelerated 
mortar or concrete expansion tests. However, some other references state that the use of RA did 
not always lead to high expansion rates. 
These studies do not allow fully understanding and relating the development of ASR in CRA 
and CMA, even though they highlight differences in the progress of expansive reactions in CRA 
probably due to the characteristics of the RA and CRA themselves. 
In terms of experimental analysis of ASR in CRA the bibliography referred presents relevant 
aspects and some proposals to change the methodologies of ASR testing (e.g. remarks on the 
accelerated test in mortar bars for RA according to ASTM C 1260 test method). 
Some researchers consider that, in terms of the accelerated test in mortar bars, crushing con-
crete to obtain RA for the samples or the use of fine RA from primary crushing of a CMA influ-
ences the aggregate’s characteristics and influences the expansion results. Therefore proposals 
were made to test separately the aggregates and the adhering mortar in the RA or to use only 
those RA resulting from a secondary crushing, i.e. crushing coarse RA. The pre-saturation of 
RA to be used in the expansion tests is also recommended to avoid erroneous results of samples 
with shorter ages. 
With the intention of obtaining more data on the development of ASR in concrete with total 
or partial incorporation of RA and of investigating whether the expansive reaction is more dam-
aging in CRA than it is in CMA, the following points present the results so far of the study un-
der way of the authors of the present paper. 
2.1 Research methodology 
The experimental work is partly based on the recommendations of the Portuguese specification 
LNEC E 461 from the Portuguese National Laboratory of Civil Engineering that presents a 
methodology to evaluate the reactivity of a single aggregate or of an aggregate mixture. This 
specification is based on the alkali reactivity obtained by petrographic analysis which is com-
plemented by accelerated expansion tests in mortar bars or concrete prisms. 
CRA are produced and evaluated according to the mix compositions and test recommenda-
tions referred to in the specification for CMA. The evaluation of RA and CRA will take into ac-
count the specification and the observations of different authors on expansion tests in specimens 
with this type of aggregate. Changes in CRA properties will be studied through current tests of 
physic-mechanical evaluation, porous structure and microstructure. 
RA from crushing controlled OC (made with MA with identical characteristics to those used 
to produce the CRA) will be used. Various situations that can influence ASR development were 
simulated in the study. Three CRA families will be produced with different MA-RA replace-
ment ratios, reactivity levels, RA ages and cement types. Table 1 presents the different situa-
tions and the methodology employed. 
 
Table 1. Scenarios created to study the development of ASR in CRA.   _______________________________________________________________________________________________________ 
Scenarios concerning the CRA        Methodology used in the production of the CRA ________________________________________________________________________________________________________ 
- Influence of the RA          - Replacement ratios of 0, 20, 50 e 100% 
- Different reactivity levels        - Use of reactive and non-reactive MA and RA 
- Influence of the RA’s age        - Use of weathered and non-weathered RA 
- Physical changes and in the porous structure  - Use of 2 types of cement ________________________________________________________________________________________________________ 
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1 INTRODUCTION 
The use of new materials in wastewater treatment processes, namely for secondary, tertiary or 
polishing treatment, has had a great development over the past decade. Several Technologies 
with fixed-film processes have emerged using vertical flow (e.g. packed beds and the Biofior 
and the Biostyr processes), horizontal flow (e.g. sub-superficial filters and constructed wetlands) 
or mobile bed (SBR with fluidized bed and the Captor and the Linpor processes). These proces-
ses are able to use different bed materials and have shown to be more efficient and cost-
effective over the conventional treatment processes (e.g. percolating filters or biological filters) 
that use natural beds based on gravel and sand. 
The bed material frequently presents clogging problems which causes are not well unders-
tood. Several studies have pointed out the properties of the particles (e.g. effective diameter, 
porosity, water absorption capacity, mechanical resistance, defragmentation capacity and com-
paction), the operation characteristics (e.g. velocities, flow direction and organic loading), the 
influent characteristics as well as the excessive growth of biomass, the accumulation of solid 
material, the formation of precipitates and the development of roots and rhizomes as the main 
causes of clogging (Wang et al. 1996, Dickenson, Metcalf &Eddy 2003, Mays et al. 2005). 
Thus, finding new aggregate bed materials for conventional wastewater processes is na 
important issue to improve its efficiency, particularly regarding its mechanical resistance and 
durability. 
The term “geopolymers” describe new materials with the ability to transform polycondensed 
materials and adopt a shape rapidly at low temperatures like "polymers". The polymerisation 
rocess involves a chemical reaction under highly alkaline conditions in which Al-Si minerals 
yield polymeric Si-O-Al-O bonds with the empirical formula Mn [- (Si -O2)z – Al - O]n. 
wH2O, where n is the  degree of polymerization, z is 1, 2 or 3 is the order, and M is an alkali 
cation, such as  potassium or sodium  ( Davidovits 1999 ). From a chemical point  of view, 
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ABSTRACT: This study evaluates whether artificial aggregates produced from mining wastes 
geopolymeric binder would be suitable as alternative materials for wastewater treatment proces-
ses. Seven types of mineral wastes geopolymeric artificial (WGA) aggregates were produced, 
using mining waste mud as precursor and sodium silicate and sodium hydroxide as alkaline 
activators. Seven mixtures were produced for ratios of sodium silicate/sodium hydroxide ran-
ging from 1.25 to 5 and for ratios of precursor/sodium silicate ranging from 4 to 5. 112 samples 
were studied for different mixing and curing conditions (20ºC and 130ºC) and its structural sta-
bility and pH variation after immersion in water was observed during 3 months. Results show 
that the initial pH in water decreases with the increase of the curing time. A WGA mixture 
cured at 20ºC during 28 days seems to be suitable to be used as media bed material for fixed-
film wastewater treatment processes. 
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geopolymers can be seen as the synthetic equivalent to natural zeolites having a similar hydrated 
aluminous-silicate chemical composition, with an amorphous structure which gives it several 
advantages, mechanical and durability performance, when compared with other materials 
(Davidovits 2002). Thus, geopolymers obtained from different sources have emerged as new 
generation inorganic polymeric materials well suited for numerous engineering applications. 
Recently, rather extensive laboratory research results have demonstrated that alumino-silicate 
waste mud from a tungsten local mining exploration has very good reactivity with alkaline 
activators, after a thermal calcination process and under certain mixing conditions to produce 
geopolymeric/alkaline activated binders. The results showed that particular waste mud 
geopolymeric mixes present higher strength, when using 10% calcium hydroxide as well as 
sodium hydroxide and sodium silicate (waterglass), as activator solutions (Pacheco-Torgal et al. 
2008a, b). These mining waste binders also show to have good durability performance regarding 
abrasion and acid resistance, as well as environmental performance from leaching tests 
(Pacheco-Torgal 2008). This research work also demonstrated that geopolymers can also be 
produced from mining waste mud giving it a new utilization. 
Finding new applications for alumino-silicate wastes is of particular interest since these types 
of minerals are the most abundant materials in Earth’s crust, as in the Portuguese case, where an 
underground tungsten mine, located in Panasqueira area, produces tonnes of wastes per day, 
since the 1980s, resulting in a deposit of several millions of tonnes of alumino-silicate waste 
mud. Presently, Panasqueira mine produces approximately 100 tonnes of waste per day, and 
research in utilization of such mining wastes to produce geopolymeric binders will contribute to 
reduce waste landfill site and environmental impacts (Pacheco-Torgal et al. 2009). 
As a consequence, the present research deals with a novel application of mining wastes 
geopolymeric binder by producing WGA aggregates as new alternative and more durable 
materials for bed of wastewater treatment process, which can also bring larger perspectives for 
new applications of waste mining geopolymeric binder based materials. 
The objective of this research work consisted in producing WGA aggregates of 2 to 3 cm size 
using a geopolymeric binder obtained from mining mine waste mud, using as activators, 
solutions of sodium silicate (S) and sodium hydroxide (H), the last one with concentration of 
10M, varying S/H ratios, as well as precursor (P) and sodium hydroxide ratios. The stability in 
water over time (i.e. behaviour in water without disintegration or dissolution) of different WGA 
aggregates obtained from different mixing conditions was follow up for a period of 3 months. 
Simultaneously, water pH variation containing different WGA aggregates was also measured 
along time. Finally, parameters that affect WGA aggregates structural stability in water as well 
as water pH variation were studied since they are determinant to accesses its performance as 
new materials for wastewater treatment processes. 
2. MATERIALS AND EXPERIMENTAL PROCEDURES 
Waste mud was obtained from Panasqueira tungsten mine located in Portugal’s centre region. 
The chemical composition of the mine waste mud was determined by energy dispersive 
spectrometry (EDS, Rontech, Germany), as presented in Table 1. It is mainly constituted of 
silica and alumina and minor percentages of iron and sodium oxide, as found previously [14], 
although having slight differences in comparison with previous studies. Waste mud was first 
submitted to a thermal treatment using a static furnace (Termolab, Portugal), for 2 hours at 
800ºC, to increase its reactivity during geopolymerization. Temperatures of calcination at 800ºC 
were found to be adequate to obtain good reactivity, although previous investigation lead to a 
higher temperature of 950ºC to obtain maximum compressive strength (Pacheco-Torgal et al. 
2005), which was not the purpose of this research work. Blaine fineness was determined by 
Blain’s method with air permeability. Chemical composition of sodium silicate as given by 
supplier is also shown in Table 1. 
 
 
 
 
Portugal SB10: Sustainable Building Affordable to All
442
 
 
Table 1. Chemical composition and specific surface 
Constituents 
(mass %) 
Mining 
waste mud 
Sodium Silicate 
(Na2SiO) activator 
SiO2 68.54 27.80 
Na2O 1.14 8.60 
Al2O3 18.27 0.40 
Fe2O3 5.64 - 
K2O 5.24 - 
TiO2 1.17 - 
H2O - 63.20 
 
2.1 Production of WGA aggregates 
For the production of wastes geopolymeric artificial (WGA) aggregates 7 mixtures of waste 
mud (precursor –P) with different ratios of Na2SiO (sodium silicate – S) solution and NaOH 
solution (sodium hydroxide –H) having concentration of 10M were produced. Mixing quantities 
of each activator solution and waste mud (P) are presented in Table 2, as well as mass ratios of 
sodium silicate versus sodium hydroxide, R(S/H), and precursor versus sodium silicate, R(P/S). 
No calcium hydroxide - Ca(OH)2 was added to the mix since its presence can lead to the 
formation of calcium silicate hydrates which, in turn, can result in strength loss after a certain 
curing period (Yip et al. 2005a, b). 
 
Table 2. Geopolymeric mix composition and mass ratios R(S/H) and R(P/S) 
Mix 
Na2SiO3 
(g) 
Solution 
NaOH 
(g) 
Solution 
Precursor 
(g) R(S/H) R(P/S)
1 187.5 150 750 1.25 4 
2 187.5 62.5 750 3 4 
3 187.5 46.9 750 4 4 
4 * 150 37.5 750 4 5 
5** 150 37.5 750 4 5 
6 ** 150 30 750 5 5 
7 150 37.5 750 4 5 
* adição de 1% de glicerina relativamente à massa de precursor 
** adição de 20% de glicerina relativamente à  massa de precursor 
 
 
In order to produce each geopolymeric mixture alkaline activators were previously mixed 
together according to each R(S/H) and precursor was added afterwards to the mix, according to 
each R(P/S) showed in Table 2. In each mixture a small amount of water, about 10%, was added 
to increase its workability. After mixing for 2 minutes, waste geopolymeric mud mortar was 
then poured in small moulds of 2x3 cm size and having an approximate shape of natural 
aggregates. Waste geopolymeric mud mortar was left to cure in moulds at room temperature 
(20ºC) for approximatly 48 hours. This period of time was found to be appropriate for the initial 
gepolymeric exothermically reaction to take place and gepolymeric mortar to get initial setting. 
Mortar samples, designated as WGA aggregates, were removed from moulds after the initial 
curing period and placed at different curing temperatures to get hardened. For each mix a total 
number of 16 WGA aggregates were produced in a total number of 112 for all different mixes, 
whose aspect is presented in Figure 1. 
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Figure 1. WGA aggregates (2 to 3 cm size) after curing 
 
Two different curing temperatures were adopted (20ºC and 130ºC) to evaluate the effect of 
curing temperature in accelerating hardening process. Thus, for each mix half of WGA 
aggregates were cured at room temperature of 20ºC while the other half was cured at 130ºC. 
Regarding different mixes presented in Table 2, mixes 1 and 2 were the first to be prepared. The 
proportions adopted for these mixes were based on results of activation reaction and resulting 
compressive strength after curing. The composition of other mixes, from 3 to 7, were obtained 
by increasing R(S/H) and R(P/S) of initial mixes to reduce the amount of hydroxide present in 
WGA aggregates and to obtain a lower initial water pH when aggregates were placed in water, 
as explained in 2.2 Section. For the same reason mixes 4, 5 and 6 were produced by adding 1% 
and 20% glycerine since it was initially believed that would contribute to buffer the initial pH of 
water. 
2.2 Structural stability control of WGA aggregates and pH alteration in water 
Structural stability of WGA aggregates and pH alteration in water was observed for a curing 
period of 4 weeks, for each curing temperature. 
For the age of 7, 14, 21 and 28 days of curing time, two samples of each mix, for each curing 
temperatures (20º and 130ºC), were placed in vessels containing 1 L of tap water, resulting in a 
total of 56 tests, designated from A1 to D14. Half of these tests were cured at the temperature of 
20ºC (A1, A3, A5, A7, A9, A11, A13, B1, B3, B5, B7, B9, B11, B13, C1, C3, C5, C7, C9, C11, 
C13, D1, D3, D5, D7, D9, D11, D13) and the other half was cured at the temperature of 130ºC 
(A2, A4, A6, A8, A10, A12, A14, B2, B4, B6, B8, B10, B12, B14, C2, C4, C6, C8, C10, C12, 
C14, D2, D4, D6, D8, D10, D12, D14). 
The vessels were operated continuously in fed-batch mode (i.e. the water was replaced each 
cycle of 24 h). The pH was measured in the beginning (5 minute after the immersion of the 
WGA or after changing water) and end of each cycle using a SenTix-41 probe connected to a 
Multi 340i meter (WTW, Germany). The vessels were monitored each day along for several 
weeks until a water pH of 8 was attained or total disintegration of samples was observed. The 
water pH variation containing different WGA aggregates was also measured during that time. 
First, the pH of the tap water before adding the samples was registered for each test, and it was 
found to vary from 6 to 7,5. The time of beginning of sample defragmentation was also 
registered. 
Statistical analysis was performed using the SPSS program (SPSS Inc., USA; Version 17.0). 
The data was analyzed through Scheffé test (study of the influence of mixture composition and 
R(P/S) and R(S/H) ratios in time to achieve pH ≤ 8) for a statistical significance of differences 
(p < 0.05). 
3. RESULTS AND DISCUSSION  
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The stability in water over time (i.e. behaviour in water without disintegration or dissolution) of 
different of WGA aggregates obtained from different mixing and curing conditions, in a total of 
56 samples, was followed up for a period of 3 months. It was found that most WGA aggregate 
samples of different mixes would end up disintegrated after a certain period of time in water, 
particularly samples cured at 20ºC. In Table 3, WGA aggregate samples that end up 
disintegrating in water are highlighted. WGA aggregates obtained from mix 4 and 7 revealed 
quite good structural stability in water, either cured at 20º or 130ºC, after the initial curing 
period. 
 
Table 3. Number of days necessary to obtain pH value lower than 8 
Mix Fed-batch test label Initial pH 
 
Days to 
obtain 
pH ≤ 8 
 
Average 
days 
(µ±σ) 
A2 12.6 49 
B2 10.5 42 
C2 10.8 35 1 
D2 10.2 28 
39 ± 9 
A4 10.5 49 
B4 11.0 42 
C4 9.7 42 
D3 10.6 28 
2 
D4 9.4 35 
39  ± 8 
A6 10.6 49 
B6 10.4 49 
C6 9.7 42 
D5 9.5 35 
3 
D6 9.3 35 
42  ±  7 
A8 9.7 35 
B7 9.8 21 
B8 9.8 35 
C7 9.5 28 
C8 10.5 28 
D7 9.3 21 
4 
D8 9.7 21 
27  ±  6 
A10 9.6 49 
B10 9.4 35 
C10 9.4 28 5 
D10 9.0 28 
35  ±  10 
A12 9.7 35 
B12 8.5 14 
C12 8.4 7 6 
D12 8.0 7 
16  ±  13 
A14 10 21 
B13 10 14 
B14 10 21 
C13 9.5 14 
C14 10 14 
D13 10 14 
7 
D14 10 21 
17  ±  4 
µ: average; σ: standard deviation 
 
The factors which influenced the synthesis and geopolymer formation with alkaline activators 
and waste mud are not fully understood yet. However, it is believed that increasing R(P/S) 
might result in higher Si and Al dissolution resulting in better geopolymerisation and 
consequently a stronger geopolymer structure. 
It was verified for the 56 experiments that initial pH values varied from 8 (for test D12) to 
12.6 (as found in test A1), decreasing along that time. 
According to the Portuguese Law 236/98 (Water quality) the pH of treated wastewater at the 
discharge point should not be higher than 9. Thus, the number of days needed to obtain a pH 
Chapter 4: High performance sustainable building solutions
445
 value lower than this value was registered for all WGA aggregate samples (pH = 8 was adopted, 
instead of 9 to increase reliance of results in this study). 
The WGA more proper for wastewater treatment processes are the ones which allow to lower 
pH quickly to values below 8 and which maintain the structural stability in water. 
The number of days to obtain a pH value lower than 8 for each sample are presented in Table 
4. It was found that average time necessary to get that pH value varied between 16 and 17 days 
(for mixes 6 and 7) and 42 days (for mix 3). 
The results also show that mixes 1, 2 and 3 present both higher initial and final pH water 
values and the number of days to obtain pH lower than 8 was also higher for those mixes when 
compared with the others. This circumstance is likely related with the mass ratio percentage of 
sodium silicate and sodium hydroxide solutions with precursor, which was higher for these 
three mixes, indicating that part of Na+ cations that did not combine in the chemical reaction of 
gepolymerization were dissolved in water, increasing the water pH. This effect was not so 
evident for mixes 4 to 7 where the mass percentage of alkaline activators with precursor was 
reduced. 
Mixes 5 and 6 show an even lower initial pH which is associated with the presence of 20% of 
glycerin that might have avoided dissolution of Na+, as well as a little higher stabilization time 
and higher interval of variation, when compared with others. However, mix 5 took in average 
more 19 days to stabilize pH below 8. 
Mix 4 with 1% of glycerin and mix 7 with the same composition but without glycerin show 
different values of initial pH and stabilization times (Table 3). The mix 4 presents lower pH in 
initial days and took more 10 days to achieve pH of 8, when compared with mix 7. 
Analysing the results presented in Table 3 it can be seen that the minimum number of days to 
achieve pH lower than 8 is found in mixes 6 and 7. However, for mix 6, only the samples cured 
at 130ºC maintained the stability whilst, for mix 7, there are samples cured at 20ºC (B13, C13 
and D13) which maintained the stability along the 3 months. Mix 7 also presents much lower 
standard variation values, which would mean that the time for stabilization observed in each 
sample were similar. 
From an economic point of view, a WGA cured at 20ºC it is more advantageous since it 
presents low energy consumption. Additionally, the use of WGA promotes the recycling of 
mining wastes and contributes to minimize environmental impacts. 
3.1 Statistical analysis of mix factors versus time to obtain water pH≤8 
An analysis of variance and Scheffé test was carried out to study the influence of each factor, 
i.e. mixture composition and R(P/S) and R(S/H) ratios in time to achieve pH ≤ 8. The test 
aggregates the samples whose averages are statistically equal and in this case created two 
groups. These tests gave significant differences (p < 0.05) to any of the influencing factors. 
It was verified that mixes 6 and 7 are the ones that show the lowest length of time to achieve 
pH ≤ 8 and they are significantly different (p < 0.05) of mixes 1, 2 and 3. However, the mixture 
that presents a minor variation interval is the number 7. 
Regarding R(P/S) ratio influence it was found that mixes having R(P/S) = 5 present length of 
time to achieve pH ≤ 8  and for lower R(P/S) ratios the time to achieve pH ≤ 8 gets higher. 
Regarding R(S/H) ratio the same conclusion was found, i.e. mixes having R(S/H) = 5 are the 
ones that present minor length of time to achieve pH ≤ 8, however mixes having R(S/H) = 4 
(although with higher length of time to achieve pH ≤ 8) are statistically equal (p > 0.05) to the 
ones having R(S/H) = 5. 
3.2 Analysis of mix factors in the initial water pH 
To study the effect of the same factors on the initial water pH, after placing WGA aggregates in 
water, a non parametric test was carried out as well as a graphical analysis of water pH variation 
in time. 
The Kruskal-Wallis non parametric test indicated that there were statistical significant 
differences (p < 0.05) on the influence of each factor (mix type, R(P/S) and R(S/H)) in the 
initial water pH, although in all mixes the initial pH decreased with increasing time of cure. As 
this test does not allow knowing differences between mixes and samples, next analysis on 
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results will try to stress the differences between mixes in order to define the one with more 
potential to be used in wastewater treatment processes. 
From the results of the test and observing the graphs in Figures 5 and 6, mixes may be 
divided into two groups. The group with mixes 1, 2 and 3 that present high initial water pH and 
higher mean time to achieve pH ≤ 8 and the group of mixes 4, 5, 6 and 7 showing lower both 
initial pH and mean time to reach pH ≤ 8. 
In the first group, WGA aggregates of mixes 1, 2 and 3, cured at 20°C and immersed in water 
for 1, 2 and 3 weeks started to disintegrate immediately (all samples). In some cases 
disintegration process started in first days of immersion and in others started after two to four 
days. In this group of mixes the immersion tests ended after four to five weeks. WGA 
aggregates of all mixes cured for different periods (7, 14, 21 and 28 days) at 130°C and mixes 
cured for 28 days at 20°C remained structurally stable during the 18 weeks of the immersion 
test. 
In the second group, WGA aggregates of mixes 5 and 6 cured at 20°C started to disintegrate 
immediately after the first and second days and the immersion tests were concluded in four to 
six weeks. Only the samples cured at 130ºC maintained the structural stability during the 18 
weeks of assay. Mixtures 4 and 7 differ between them due to the presence of glycerine in mix 4. 
Both present 7 samples (3 cured at 20ºC, 4 cured at 130ºC) which maintained the stability along 
the 18 weeks of immersion test. Both have shown an identical behaviour in terms of pH 
variation, however, mix 4 took more 10 days to reach pH ≤ 8. In most of these mixes, WGA 
aggregates did not disintegrate during immersion times with the exception of mix cured for 7 
days at 20°C (see Figure 2). 
 
Figure 2. Variation of water pH versus immersion time of WGA aggregates of mix 4 and 7 
4. CONCLUSIONS 
This work presents a preliminary study to develop alternative aggregates to be used in 
wastewater treatment processes. These alternative aggregates designated as WGA were 
produced by using a mining waste mud geopolymeric binder and the parameters that affect its 
structural stability and pH alteration in water were studied. The WGA should both maintain its 
structural stability over time and promote the quick reduction of pH in water in order to be 
suitable for wastewater treatment processes. 
In all mixes the initial pH decreased with the increasing time of cure. It was found that the 
average time necessary to achieve pH ≤ 8 varied between 16 and 17 days (for mixes 6 and 7) 
and 42 days (for mix 3). It was verified that mixes 6 and 7 are the ones that show the lowest 
time to achieve pH ≤ 8 and they are statistically significantly different (p < 0.05) mixes 1, 2 and 
3. However, looking at the samples cured at 20ºC (which less energy consumption) mix 6 
samples disintegrated quickly, whilst mix 7 samples maintained its stability during the 18 weeks 
of immersion test. Mixes having R(S/H) = 5 and R(P/S) = 5 are the ones that present minor 
times to achieve pH ≤ 8, however mixes with R(S/H) = 4 although having higher times to 
achieve pH ≤ 8 are statistically equal (p > 0.05) to the ones having R(S/H) = 5. In terms of 
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 structural stability in water and pH stabilization in a short period of time, mix 7 (cured at 20ºC 
during 28 days) seems to present good potential for application in wastewater treatment 
processes and to be a cost effective solution. The initial water pH during WGA aggregates 
immersion was low (around 10) and the time to achieve and stabilized (pH ≤ 8) was relatively 
short (17 days). 
 
Acknowledgments 
Authors acknowledge the FCT for the partial funding of the study through the project 
PTDC/AMB/73081/2006 project, as well as to Brendan O’Boyle, student from School of 
Planning, Architecture and Civil Engineering of the Queen´s University of Belfast, UK, for his 
contribution during his stay at C-MADE supported by the IAESTE European programme. 
 
REFERENCES  
 
Davidovits, J. 1999. Chemistry of geopolymeric systems, Terminology. Proceedings of 
Geopolymer  International Conference. France. 
Davidovits, J. 2002. Environmentally driven geopolymer cement applications. Proceedings of 
2002 Geopolymer Conference. Melbourne. Australia. 
Dickenson T.  Filters and filtration handbook. Fourth Edition, Elsevier, Oxford, UK, 1094 pp. 
Mays D. & Hunt J. 2005. Hydrodynamicaspects of particle clogging in porous media. Environ 
Sci Technol. Jan 15; 39(2):577-84 
Metcalf & Eddy.  2003. Wastewater Engineering: Treatment, Disposal and Reuse. Fourth 
edition, McGraw-Hill, New York, USA. 
Pacheco-Torgal F., Castro-Gomes J. P., Jalali S. 2005. Alkali Activated Geopolymeric Binder 
Using Tungsten Mine Waste: Preliminary Investigation. In Proceedings of Geopolymer 2005 
World Congress. Saint Quentin . France.  
Pacheco-Torgal F., Castro-Gomes J. P., Jalali S. 2008a. Properties of tungsten mine waste 
geopolymeric binder, Construction and Building Materials, Volume 22, Issue 6, Pages 1201-
1211. 
Pacheco-Torgal F., Castro-Gomes J. P., Jalali S. 2008b. Investigations on mix design of 
tungsten mine waste geopolymeric binder, Construction and Building Materials, Volume 22, 
Issue 9,  Pages 1939-1949. 
Pacheco-Torgal F., Castro-Gomes J. P., Jalali S. 2008c. Investigations of tungsten mine waste 
geopolymeric binder: Strength and microstructure, Construction and Building Materials, 
Volume 22, Issue 11,Pages 2212-2219 
Pacheco-Torgal F., Jalali S., Castro-Gomes J. P. 2009. Utilization of mining wastes to produce 
geopolymeric binders, in Geopolymer: structure, processing, properties and industrial 
applications, Edited by John Provis and Jannie van Deventer, CRC press, Woodhead 
Publishing Limited. 
Wang, Z., Govind, R. and Bishop, D. 1996. Review of biofiltration-effect of support media on 
biofilter performance. Proceedings of the 89th Annual Meeting and Exhibition, Air and 
Waste Management Association, Nashville, Tennessee, Paper A.05, 
Yip, C. K., Lukey, G. C., Provis, J., van Deventer, J. S. J 2008, ‘Effect of calcium silicate 
sources on geopolymerisation.’ Cement and Concrete Research, 38, Pages 554–564. 
Yip, C. K., Lukey, G. C., van Deventer, J. S. J. 2005, The coexistence of geopolymeric gel and 
calcium silicate hydrate gel at the early stage of alkaline activation.’ Cement and Concrete 
Research, 35, Pages 1688–1697.  
Portugal SB10: Sustainable Building Affordable to All
448
1 INT RODUCT ION 
T a ki ng i n c ons i de r a t i on t he  e xc e s s i ve  e ne r gy c ons umpt i on i n r e c e nt  ye a r s , one  mus t  r e a l i ze  t ha t  
t he  bui l di ng s e c t or  i s  a n e xt r e me l y i mpor t a nt  s e c t or  t o i nt e r ve ne . Ac c or di ng t o Ba l a r a s  ( 2005)  
t he  Eur ope a n bui l di ng s t oc k s t a nds  f or  33%  of  t he  f i na l  e ne r gy c ons umpt i on a nd 50%  of  e l e c -
t r i c i t y. Al s o t he r e  a r e  s ome  pr e di c t i ons  ( Zi mme r ma n, 2006)  poi nt i ng out  t ha t  i f  a n s i gni f i c a nt  
c ha nge  of  pr a c t i c e  doe s  not  t a ke s  pl a c e , i n 2050 t he  bui l di ngs  s t oc k wi l l  r e pr e s e nt  80%  of  t he  
e ne r gy c ons umpt i on. T hus  t o pr e ve nt  t hi s  s i t ua t i on t he  bui l di ng s t oc k s houl d e vol ve  a s  r e pr e -
s e nt e d i n Fi gur e  1. 
W i t h t he  a wa r e ne s s  of  t he  Eur ope a n Uni on f or  t hi s  pr obl e ma t i c , a n r e gul a t i ve  EU i nt e r ve n-
t i on wa s  ma de  by t he  e nt r a nc e  i nt o f or c e  of  t he  Energy Performance of Buildings Directive 
( EPBD, 2002)  whi c h obj e c t i ve s  a r e  t o pr omot e  t he  s us t a i na bl e  de ve l opme nt  of  t he  bui l di ng s e c -
t or  a nd r e duc e  i t s  e xc e s s i ve  e ne r gy c ons umpt i on, a nd a l s o t he  r e c e nt  EPBD-Re c a s t  ( EPBD, 
2009)  whi c h ma i n goa l  i s  s o c a l l e d 20/ 20/ 20, i .e ., t o r e duc e  t he  gr e e nhous e  ga s e s  e mi s s i on i n 
20% , t o r e duc e  t he  c ommuni t y’ s , e ne r gy c ons umpt i on i n 20%  a nd t o i nc r e a s e  t he  s ha r e  of  e n-
e r gy f r om r e ne wa bl e  s our c e s  t o 20% , a l l  unt i l  2020.  
It  wa s  c ompul s or y t o t r a ns pos e  t he  EPBD t o Na t i ona l  La w, i n a l l  EU c ount r i e s . In Por t uga l  
t hi s  wa s  c a r r i e d out  wi t h t he  r e vi s i on of  t he  r e gul a t i ons  RCCT E ( 2006)  a nd RSECE ( 2006) , a nd 
t he  i mpl e me nt a t i on of  SCE ( 2006) . T he  RCCT E obj e c t i ve  i s  t o i mpr ove  t he  r e s i de nt i a l  bui l d-
i ngs  t he r ma l  be ha vi our , whi l e  t he  RSECE a i ms  t he  e ne r gy c ons umpt i on r e duc t i on of  s e r vi c e  
bui l di ngs  a nd SCE s e t s  t he  a ppl i c a t i on f i e l ds  of  t he  r e gul a t i ons , de f i ne s  t he  e ne r gy l a be l l i ng a nd 
t he  r e qui r e d qua l i f i c a t i ons  f or  t hos e  who wi l l  a ppl y RCCT E a nd RSECE.  
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ABST RACT :  One  of  t he  ma i n ke y s e c t or s  t o r e duc e  t he  e ne r gy c ons umpt i on i s  t he  e xi s t e nt  
bui l di ng s t oc k. T he  Eur ope a n Uni on ha s  r e c ogni ze d t hi s  i s s ue  i n 2002 wi t h t he  e nt r a nc e  i nt o 
f or c e  of  t he  Ene r gy Pe r f or ma nc e  of  Bui l di ng Di r e c t i ve  a nd t hus  a n i mpor t a nt  s t e p t o i mpl e me nt  
me a s ur e s  t o l i mi t  bui l di ng’ s  pr i ma r y e ne r gy c ons umpt i on wa s  ma de . W i t hi n t hi s  c ont e xt  i t  wa s  
i ni t i a t e d t he  de ve l opme nt  of  a  ne w s ol ut i on f oc us i ng t he  bui l di ngs  r e t r of i t  – pr e f a br i c a t e d r e t r o-
f i t  modul e . T hi s  s ol ut i on i s , t o s ome  e xt e nt , a  by-pr oduc t  of  t he  pa r t i c i pa t i on on t he  Int e r na -
t i ona l  Ene r gy Age nc y pr oj e c t  IEA ECBCS Anne x50. In or de r  t o a c hi e ve  be t t e r  s uppor t  f or  t he  
s ol ut i on de s i gn a nd t he r ma l  opt i mi za t i on t he r e  we r e  a ppl i e d c omput a t i ona l  t ool s  t o t e s t  t he  de -
s i gn a nd pe r f or ma nc e  of  t he  s e ve r a l  opt i ons  a nd a l s o e ns ur e  t ha t  s ol ut i on i s  i n a c c or da nc e  t o t he  
a ppl i c a bl e  r e gul a t i ons  – Googl e  Ske t c hUp®  f or  3D mode l l i ng a nd e Que s t ®  f or  e ne r gy pe r -
f or ma nc e  pr e di c t i on. Al s o i t  i s  i n pr oduc t i on a  s ol ut i on pr ot ot ype  t o a ppl y on t he  Uni ve r s i t y of  
M i nho’ s  T e s t  Ce l l s  a nd c a r r y out  s e ve r a l  “ i n-s i t u”  t he r ma l  pe r f or ma nc e  me a s ur e me nt s .  
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Figur e  1 .  E ur o p e a n B uild ing Sto c k e ne r gy c o nsump tio n thr o ugh the  ye a r s ( Zimme r ma n,  2 0 0 6 )  
 
 
In Por t uga l  t he  e xc e s s i ve  e ne r gy c ons umpt i on s c e na r i o i s  e ve n wor s e  s i nc e  77%  of  t he  bui l di ng 
s t oc k wa s  bui l t  be f or e  1990, t he  ye a r  of  publ i c a t i on of  t he  f i r s t  bui l di ng t he r ma l  r e gul a t i on, t hus  
t he y we r e  bui l t  wi t hout  a ny t he r ma l  c onc e r ns  a nd ha ve  hi gh e ne r gy c ons umpt i on i n or de r  t o 
gua r a nt e e  e ve n t he  mi ni ma l  c omf or t  r e qui r e me nt s . ( CENSUS, 2001) . Al s o, t he  i nve s t me nt  
ma de  i n c ons e r va t i on a nd r e t r of i t  of  t he  bui l di ng s t oc k i s  ve r y l ow – 23% , whi l e  t he  EU a ve r a ge  
i s  45%  ( Eur oc ons t r uc t , 2005) , s i nc e , c ul t ur a l l y, t he  bui l di ng r e t r of i t  i n ge ne r a l , a nd t he  t he r ma l  
r e t r of i t  i n pa r t i c ul a r l y, a r e  not  c ons i de r e d a s  a  good a l t e r na t i ve  c ompa r e d wi t h ne w c ons t r uc -
t i on. 
Howe ve r  t he  c ons t r uc t i on c ompa ni e s  a r e  s t a r t i ng t o be  mor e  a wa r e  of  t hi s  pr obl e ma t i c , a nd 
r e c ogni zi ng a  ma r ke t  wi t h hi gh pot e nt i a l , s i nc e  41%  of  t he  bui l di ng s t oc k ha ve  r e t r of i t  ne e ds  
( CENSUS, 2001)  whi c h r e pr e s e nt s , a c c or di ng t o Pa e s  ( 2009) , a  ma r ke t  of  74000M €. 
Cons c i ous  of  t he  ma r ke t  ne e ds , t he  LFT C – Umi nho ( La bor a t or y of  Phys i c s  a nd Cons t r uc -
t i on T e c hnol ogi e s  of  t he  Uni ve r s i t y of  M i nho)  j oi ne d a n IEA pr oj e c t  – Anne x 50 – t ha t  a i ms  t o 
pr omot e  t he  r e s i de nt i a l  bui l di ngs  e f f i c i e nt  e ne r gy r e t r of i t  by ga t he r i ng wor l d s pe c i a l i s t  i n t hi s  
a r e a  a nd s uppor t  t he i r  e xc ha nge  of  knowl e dge . In t he  s c ope  of  t he  l a t t e r  pr oj e c t  a nd a l s o s up-
por t e d by t he  Por t ugue s e  pr oj e c t  f i na nc e d by FCT  ( PT DC/ ECM / 67373/ 2006)  t he  LFT C – 
UM i nho i s  de ve l opi ng a  pr e f a br i c a t e d r e t r of i t  modul e  opt i mi ze d f or  Por t ugue s e  r e s i de nt i a l  
bui l di ngs . 
T he  e va l ua t i on of  t he  s ys t e m a ppl i c a t i on pot e nt i a l , i n t e r ms  of  de s i gn, s t r uc t ur a l  a nd t he r mo-
a c ous t i c  be ha vi our , e t c ., wi l l  be  ma de  wi t h r e s our c e  of  3D mode l l i ng t ool s , e ne r gy s i mul a t i on 
a nd a  pr ot ot ype  c ons t r uc t i on.  T he  c omput a t i ona l  t ool s  a r e  a c c ompa nyi ng t he  ve r t i gi nous  t e c h-
nol ogi c a l  a dva nc e me nt s  of  t he  i nf or ma t i c s  i ndus t r y, i n pa r t i c ul a r  i n t he  pr oc e s s i ng a bi l i t y a nd 
gr a phi c  pe r f or ma nc e  of  pe r s ona l  c omput e r s . T hus , t he r e  a r e  a va i l a bl e  i n t he  ma r ke t  s e ve r a l  
t ool s  s pe c i f i c a l l y de ve l ope d f or  t he  c ons t r uc t i on s e c t or  a i mi ng t o opt i mi ze  t he  de s i gn a nd f or e -
s e e  f unc t i ona l  a nd s t r uc t ur a l  be ha vi our  of  di f f e r e nt  s ol ut i ons .  Dur i ng t he  de ve l opme nt  of  t he  
pr opos e d r e t r of i t  s ol ut i on, t he  a ppl i e d t ool s , unt i l  t hi s  mome nt , we r e  t he  3D M ode l l i ng t ool  – 
Googl e  Ske t c hUp®  ( 2008)  – t o ve r i f y how t he  s ol ut i on c a n be  a ppl i e d a nd i t s  vi s ua l  c ha r a c t e r -
i s t i c , a s  we l l  a s  t he  e ne r gy s i mul a t i on t ool  – e Que s t ®  ( Hi r s h, 2003)  – wi t h t he  obj e c t i ve  of  pr e -
di c t  t he  e ne r gy e f f i c i e nc y i nc r e a s e  wi t h t he  a ppl i c a t i on of  t he  s ol ut i on 
2 RET ROFIT  M ODULE DEV ELOPM ENT  M ET HODOLOGY 
2.1 Initial Premises 
The main obj ective of the retrofit module in development is to produce a solution that can result in 
a swift rehabilitation process, causing the least possible inconvenience for building occupants, and 
with less economical investment compared with the traditional systems. 
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T he  gui de l i ne s  f or  t he  modul e  de ve l opme nt  a r e  t he  a ppl i c a t i on of  a n opt i mi ze d t hi c kne s s  of  
t he r ma l  i ns ul a t i on, i n or de r  t o i nc r e a s e  t he  e ne r gy e f f i c i e nc y of  bui l di ngs ;  a ppl y, a s  muc h a s  
pos s i bl e , r e c yc l e d ma t e r i a l s  a nd wi t h l ow e mbodi e d e ne r gy ( e ne r gy ne c e s s a r y f or  pr oduc t i on, 
t r a ns por t a t i on a nd a ppl i c a t i on of  t he  ma t e r i a l s ) ;  i nt e gr a t i on of  duc t s  by t he  i nt e r i or  of  t he  mod-
ul e , s i nc e  f ur t he r  t ha n i mpr ovi ng t he  f i na l  s ol ut i on a e s t he t i c a l l y, i t  a l s o c a n pr ovi de  duc t s  i ns u-
l a t i on, wha t  wi l l  be  a dde d va l ue  f or  t he  s a ni t a r y hot  wa t e r  a nd f or  he a t i ng /  c ool i ng s ys t e m( s )  
duc t s . 
2.2 Solution Description 
The system in development will be based on traditional discontinuous prefabricated insulating fin-
ishing, although with integrated ducts and optimized insulation thickness.  
The module composition is (from the exterior to the interior): aluminium composite exterior 
finishing (6mm); agglomerated cork insulation (20mm); extruded polystyrene insulation (XPS – 
120mm); plastic box for the duct filled with inj ected polyurethane insulation  (120mm);  agglom-
erated cork insulation (30mm); air vapour barrier; aluminium composite exterior finishing (6mm). 
It is expected that with the application of this retrofit system the exterior envelope walls will in-
crease their thermal resistance by about 4.01 m 2 .º K / W , c ons i de r i ng t he  a ve r a ge  be t we e n t he  
r e gul a r  a nd duc t s  zone s .  T hi s  s ol ut i on wi l l  ha ve  a  t ot a l  t hi c kne s s  of  17.7 c m a nd a  t ot a l  s pe c i f i c  
we i ght  of , a ppr oxi ma t e l y, 12 K g/ m 2 .   
T he  a ppl i c a t i on of  t he  s ol ut i on t o t he  e xi s t i ng wa l l  i s  goi ng t o uphol d t wo pha s e s :  1 s t  pl a c e -
me nt  of  t he  me t a l l i c  s uppor t  s t r uc t ur e ;  2 nd  a ppl i c a t i on of  t he  modul e  t o t he  s uppor t  s t r uc t ur e  due  
t o a  s ys t e m of  i nde nt a t i on  ( modul e )  a nd ga ps  ( s uppor t  s t r uc t ur e ) , a s  s hown i n Fi gur e  5. 
2.3 3D Modelling 
T he  a i m of  t he  3D mode l l i ng t ool  i s  t o ge ne r a t e  a  bui l di ng’ s  3D mode l s  f or  a  c onc e pt ua l  pha s e  
of  t he  pr oj e c t s . Appl yi ng Googl e  Ske t c hUp®  i t  wa s  s i mul a t e d t he  a ppl i c a t i on of  t he  s ol ut i on i n 
de ve l opme nt  t o a  s i ngl e -f a mi l y hous e  wi t h r e t r of i t  ne e ds  i n Br a ga , Por t uga l . T hi s  s t udy i t  wa s  
c a r r i e d out  i n or de r  t o opt i mi ze  t he  s ol ut i on de s i gn a nd a l s o t o t e s t  i t s  a ppl i c a t i on. T he r e f or e  t he  
bui l di ng wa s  mode l l e d a nd t he  a ppl i c a t i on of  t he  r e t r of i t  s ys t e m wa s  s t udi e d. Al s o, t he  bui l d-
i ng’ s  r e t r of i t  c ons i s t e d not  onl y i n t he  modul e  a ppl i c a t i on, but  a l s o t he  ge ne r a l  i mpr ove me nt  of  
t he  bui l di ng e nve l ope , i .e ., r oof  s l a b i ns ul a t i on ( X PS - 8c m) , gr ound s l a b i ns ul a t i on ( X PS - 
2c m)  a nd r e pl a c e me nt  of  e xi s t e nt  wi ndows  t o doubl e  gl a zi ngs  a nd a l umi ni um f r a me  wi t h t he r -
ma l  br e a k ( U w dn  =  2.5 W / m 2 .º K ) . 
T he  f ol l owi ng f i gur e s  i l l us t r a t e  s ome  of  t he  3D mode l s  t ha t  we r e  e xe c ut e d i n Googl e  
Ske t c hUp®  dur i ng t he  s t udy a nd de ve l opme nt  of  t he  r e t r of i t  modul e :   
 
 
Figur e  2 .  F ir st d e sign o f the  p r e fa b r ic a te d  r e tr o fit mo d ule  - 3 D  mo d e l  
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Figur e  3 .  Fina l d e sign o f the  p r e fa b r ic a te d  r e tr o fit mo d ule  - 3 D  mo d e l  
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  4 .  Ca se  stud y with r e tr o fit ne e d s: a )  p ho to gr a p h; b )  e xte r io r  3 D  mo d e l; c )  inte r io r  3 D  mo d e l; d )  3 D  
mo d e l c r o ss-se c tio n; 
 
 
 
 
 
 
a )  
b)  
c )  d)  
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Figur e  5 .  Ste p s ne c e ssa r y to  a p p ly the  r e tr o fit mo d ule  to  the  c a se  stud y 
 
 
By t he  pr e vi ous  f i gur e s  i t  i s  pos s i bl e  t o c onf i r m t he  l a r ge  pot e nt i a l i t i e s  of  t he  3D mode l l i ng 
i n t hi s  t ype  of  pr oduc t  de ve l opme nt , s i nc e  i t  a l l owe d t he  de s i gn opt i mi za t i on of  t he  pr oduc t , but  
a l s o t o s i mul a t e  t he  a ppl i c a t i on of  t he  pr oduc t  i n r e a l i t y, wha t  ma ke  pos s i bl e  t he  s t udy of  t he  
ne c e s s a r y s uppor t  s t r uc t ur e s  a nd how t o a ppl y i t  i n or de r  t o be  a s  f a s t  a s  pos s i bl e , howe ve r  
gua r a nt yi ng t he  ma xi mum pos s i bl e  qua l i t y of  t he  bui l di ng r e t r of i t .. 
2.4 Dynamic energy simulation 
e Que s t ®  i s  a  f r e e  s i mul a t i on t ool  de ve l ope d by t he  De pa r t me nt  of  Ene r gy of  USA t o c a l c ul a t e  
t he  bui l di ngs  e ne r gy pe r f or ma nc e . For  e xa mpl e , i n t he  s t a t e  of  Ca l i f or ni a  t hi s  i s  a  ma nda t or y 
t ool  i n or de r  t o c e r t i f y t he  bui l di ng’ s  e ne r gy pe r f or ma nc e . It  i s  a  GUI ( Gr a phi c a l  Us e r  Int e r f a c e )  
of  t he  r e nowne d t ool  DOE-2.2, whi c h i nt r oduc e d ne w e ne r ge t i c  s ys t e ms  t o a ppl y a nd a  f a s t e r  
t he r ma l  l oa ds  c a l c ul a t i on e ngi ne . It s  ne w 3D gr a phi c a l  e ngi ne  ma ke s  i t  e a s i e r  t he  e di t i ng of  
bui l di ng’ s  e xt e r i or  a nd i nt e r i or  e nve l ope .  
In or de r  t o opt i mi ze  t he  e ne r gy pe r f or ma nc e  of  t he  pr e f a br i c a t e d r e t r of i t  modul e  i n de ve l op-
me nt  i t  wa s  a ppl i e d t hi s  t ool  t o t he  c a s e  s t udy pr e s e nt e d be f or e  ( s i ngl e -f a mi l y hous e  i n Br a ga ) . 
T o s i mpl i f y t he  pr oc e s s  t he  Googl e  Ske t c hUp®  mode l  s hown e a r l i e r  wa s  e xpor t e d t o a  CAD 
f or ma t  a nd i mpor t e d t o e Que s t ® . Subs e que nt l y t he  e nve l ope  c ha r a c t e r i s t i c s , e qui pme nt s , oc c u-
pa t i on a nd i l l umi na t i on pr of i l e s  we r e  de f i ne d f or  t he  or i gi na l  a nd r e t r of i t t e d bui l di ng wi t h t he  
a ppl i c a t i on of  t he  modul e  i n de ve l opme nt  a nd s e ve r a l  s c e na r i os  we r e  s i mul a t e d. 
T he  r e s ul t s  obt a i ne d wi t h t he  s i mul a t i on s hown a  s i gni f i c a nt  r e duc t i on of  t he  e ne r gy ne e ds  
wi t h t he  f i na l  ve r s i on of  t he  r e t r of i t  modul e , a s  pr e s e nt e d i n T a bl e  1. Eve n t hought  t he r e  wa s  a  
s l i ght  i nc r e a s e  i n t he  c ool i ng ne e ds , s i nc e  wi t h t he  i ns ul a t i on i nc r e a s e  t he  bui l di ng r e qui r e s  
mor e  da ys  t o c ool , e s pe c i a l l y pr obl e ma t i c  whe n ma ny c ons e c ut i ve  hot  da ys  oc c ur s , howe ve r  t he  
c ool i ng ne e ds  a r e  i ns i gni f i c a nt  c ompa r e d wi t h t he  t ot a l  ne e ds . 
 
 
 
 
 
 
 
 
 
 
Figur e  6 .  Ca se  stud y’s mo d e l,  he a ting a nd  d o me stic  ho t wa te r  syste ms.  
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T a b le  1  –  Simula te d  e ne r gy ne e d s fo r  the  c a se  stud y 
E ne r gy N e e d s 
( kW h/m 2 . ye a r )  
Single-family building in Braga 
O r igina l Re tr o fit M o d ule  –  1 st  so lutio n 
Re tr o fit M o d ule  –  fina l so -
lutio n 
H e a ting  3 1 8 . 1  9 4 . 1  6 8 . 5  
Co o ling 1 . 2  1 0 . 2  1 8 . 3  
Total 319.3 104.3 86.8 
 
W i t h t he  a ppl i c a t i on of  e Que s t ®  i t  wa s  pos s i bl e  t o opt i mi ze , i n t e r ms  of  t he r ma l  pe r f or ma nc e , 
t he  r e t r of i t  modul e  i n de ve l opme nt , t e s t i ng s e ve r a l  opt i ons  wi t h di f f e r e nt  i ns ul a t i on t hi c kne s s  
a nd r e duc i ng t he r ma l  br i dge s . T hus  i t  a l s o wa s  ve r i f i e d t ha t  onl y wi t h t he  a ppl i c a t i on of  t he  r e -
t r of i t  modul e , i ns ul a t i ng t he  r oof  a nd f l oor  s l a b a nd r e pl a c e me nt  of  t he  s i ngl e  gl a zi ngs  wi t h 
doubl e  gl a zi ngs , i t  wa s  pos s i bl e  t o r e duc e  t he  bui l di ng’ s  e ne r gy ne e ds , f or  he a t i ng a nd c ool i ng, 
i n a bout  73% . 
2.5 Future Prototype 
Af t e r  t he  r e t r of i t  modul e  opt i mi za t i on, i n t e r ms  of  t he r ma l  pe r f or ma nc e , i ndus t r i a l i za t i on, qua l i -
t y a s s ur a nc e  a nd e c onomi c a l l y, i t  wa s  r e c ogni ze d t ha t  i n or de r  t o f ur t he r  i mpr ove  t he  modul e  i t  
wa s  ne c e s s a r y t he  c ons t r uc t i on of  s e ve r a l  pr ot ot ype s . 
At  t hi s  t i me  t he  pr ot ot ype s  a r e  i n c ons t r uc t i on a nd t he r e  we r e  s c he dul e  t wo t ype s  of  a s s e s s -
me nt  t o c a r r y out :  
M e c ha ni c a l  pe r f or ma nc e  e va l ua t i on – f or  t hi s  t e s t s  t ype  i t  wi l l  be  a s s e s s e d t he  modul e  me -
c ha ni c a l  r e s i s t a nc e  ( t or s i on, t e ns i on, s e r vi c e  f a t i gue , e t c .)  i n or de r  t o gua r a nt e e  t he  i ne xi s t e nc e  
of  pr obl e ms  wi t h de s e gr e ga t i on of  t he  modul e  c ompone nt s  or  t he  de t a c hme nt  of  t he  modul e  
f r om t he  e xi s t i ng wa l l . T he  t e s t s  wi l l  be  pe r f or me d i n t he  La bor a t or y of  Ci vi l  Engi ne e r i ng of  
t he  Uni ve r s i t y of  M i nho;  
T he r ma l  pe r f or ma nc e  e va l ua t i on – t he  ma i n obj e c t i ve  of  t he s e  t e s t s  i s  t he  de t e r mi na t i on of  
t he  t he r ma l  t r a ns mi s s i on c oe f f i c i e nt  va l ue  ( U-va l ue ) , a nd a l s o t o ve r i f y i f  t he r e  a r e  a ny t he r ma l  
br i dge s  pr e s e nt e d i n t he  pr ot ot ype s . T he s e  t e s t s  wi l l  be  pe r f or me d i n t he  T e s t  Ce l l s  of  t he  Uni -
ve r s i t y of  M i nho, Sc hool  of  Engi ne e r i ng c a mpus . T he  T e s t  Ce l l s  a r e  a  gr oup of  t hr e e  c e l l s  i n a  
r e c t a ngul a r  s ha pe , a s  pr e s e nt e d i n Fi gur e  7. T he  non-c onve nt i ona l  t e s t  c e l l  ( CT nc )  e nc ompa s s e s  
non-c onve nt i ona l  e nve l ope  s ol ut i ons , l i ke  a dobe  wa l l . W hi l e  t he  c onve nt i ona l  t e s t  c e l l  ( CT C)  
wa s  bui l t  f ol l owi ng t he  mos t  t ypi c a l  Por t ugue s e  c ons t r uc t i on s ol ut i ons , l i ke  doubl e  pa ne  br i c k 
wa l l  wi t h i ns ul a t i on i n t he  a i r -ga p. In r e l a t i on t o t he  Pa s s ys  t e s t  c e l l  ( CT P) , i t  i s  a  c e l l  wi t h a  
hi gh i ns ul a t i on t hi c kne s s  i n t he  e nt i r e  e nve l ope  e xc e pt  f or  t he  f a ç a de  i n or de r  t o t e s t  di f f e r e nt  
f a ç a de  s ol ut i ons . 
 
             
  
Figur e  7 .  T e st Ce ll’s so uth fa ç a d e  vie w a nd  inte r io r  p a r titio n whe r e  the  r e tr o fit mo d ule s will b e  a p p lie d  
 
 
CTnC CTP CTC 
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T he  pr e f a br i c a t e d r e t r of i t  modul e s  wi l l  be  a ppl i e d i n t he  CT P, i n a  pa r t i t i on wa l l , br i c k ma s onr y 
wa l l , e xe c ut e d i n t he  mi ddl e  of  t he  t e s t  c e l l , a s  s hown i n Fi gur e  7. Si nc e  onl y t hr e e  pr ot ot ype s  
wi l l  be  i ns t a l l e d t he  r e ma i ni ng pa r t s  of  t he  wa l l  wi l l  be  f i l l e d wi t h X PS i ns ul a t i on i n or de r  t o 
i nc r e a s e  t he  uni f or mi t y of  t he  t he r ma l  t r a ns mi s s i on be t we e n t he  t wo t e s t  c e l l ’ s  c ompa r t me nt s .  
T he  pa r t i t i on wa l l  wa s  pl a c e d pe r pe ndi c ul a r  t o t he  ma i n f a ç a de  a nd on t he  mi ddl e  of  t he  t e s t  
c e l l , whi l e  t he  r e t r of i t  modul e s  wi l l  be  a ppl i e d t op-t o-t op a nd s i de -by-s i de . 
W i t h t he  a ppl i c a t i on of  t he  pr ot ot ype s  i n t he  T e s t  Ce l l s  i t  wi l l  be  pos s i bl e  t o c a r r y out  a  mor e  
e xt e ns i ve  s t udy of  t he  mount i ng de t a i l s  a nd i t s  r e s pe c t i ve  opt i mi za t i on, but  a l s o t o f ur t he r  i n-
ve s t i ga t e  i t s  t he r ma l  pr ope r t i e s . 
3 CONCLUSIONS 
As  poi nt e d out  i n t he  l a t e s t  i nt e r na t i ona l  pol i c i e s , a  dr a s t i c  r e duc t i on of  t he  c ur r e nt  e ne r gy c on-
s umpt i on i s  ne c e s s a r y. .Ha vi ng i n c ons i de r a t i on t ha t  t he  Eur ope a n bui l di ngs  s t oc k i s  one  of  t he  
ma i n r e s pons i bl e  f or  t hi s  e xc e s s i ve  c ons umpt i on, r e pr e s e nt i ng 33%  of  t he  gl oba l  f i na l  e ne r gy 
c ons umpt i on, t he  LFCT -UM i nho be l i e ve d e s s e nt i a l  t he  de ve l opme nt  of  ne w r e t r of i t  s ol ut i on 
t ha t  a i me d t he  r e duc t i on of  t he  bui l di ng’ s  e ne r gy ne e ds , wi t hout  ove r l ooki ng t he  a e s t he t i c , i n-
c r e a s e  of  t he  t he r ma l  a nd a c ous t i c  c omf or t  c ondi t i ons  a nd i ndoor  a i r  qua l i t y. 
 T hus , t he  de ve l opme nt  of  a  ne w pr e f a br i c a t e d r e t r of i t  modul e  f or  r e s i de nt i a l  bui l di ng’ s  
f a ç a de s  wa s  i ni t i a t e d. For  a  mor e  s uppor t e d pr oduc t  de ve l opme nt  t he r e  we r e  a ppl i e d c omput a -
t i ona l  t ool s  – 3D mode l i ng t ool  Googl e  Ske t c hUp®  – f or  t he  a e s t he t i c a l  a nd f unc t i ona l  opt i mi -
za t i on a nd – e ne r gy dyna mi c  s i mul a t i on t ool  e Que s t ®  – f or  t he  t he r ma l  opt i mi za t i on. 
At  t hi s  poi nt  i t  wa s  pr e di c t e d t ha t  wi t h t he  i mpl e me nt a t i on of  t hi s  t ype  of  s ol ut i ons  a  r e duc -
t i on of , a bout , 73%  of  t he  e ne r gy ne e ds  c a n be  r e a c he d, i f  c ompl e me nt e d wi t h t he  s ys t e ma t i c  
i mpr ove me nt  of  t he  bui l di ng e nve l ope  – s l a bs  i ns ul a t i on a nd wi ndows  r e pl a c e me nt . 
For  t he  f i na l  va l i da t i on of  t he  r e t r of i t  modul e  i n de ve l opme nt  i t  wa s  i ni t i a t e d t he  c ons t r uc t i on 
of  s e ve r a l  s ol ut i on pr ot ot ype s  t ha t  wi l l  be  pr e pa r e d wi t h moni t or i ng e qui pme nt  a nd t he i r  me -
c ha ni c a l  a nd t he r ma l  pe r f or ma nc e  c e r t i f i e d.  
T hr oughout  t hi s  pa pe r  i t  wa s  s hown t he  de ve l opme nt  of  a  pr e f a br i c a t e d r e t r of i t  s ol ut i on t ha t  
i n a ddi t i on t o c ont r i but e  t o t he  r e duc t i on of  t he  bui l di ng’ s  e ne r gy c ons umpt i on, c a n a l s o i m-
pr ove  t he i r  a e s t he t i c  wi t h f a s t e r , hi ghe r  qua l i t y a s s ur a nc e  a nd l e s s  e xpe ns i ve  i nt e r ve nt i ons , t ha t  
c a n a l s o r e duc e  t he  oc c upa nt  di s t ur ba nc e  t ypi c a l  i n t hi s  t ype  of  wor k, t hus  t hi s  i s  s ol ut i on wi t h a  
ve r y hi gh pot e nt i a l  of  a ppl i c a t i on i n t he  f a s t  gr owi ng Por t ugue s e  ma r ke t  of  bui l di ng r e ha bi l i t a -
t i on. 
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1 INT RODUCT ION 
As  EU bui l di ngs  a c c ount  f or  40%  of  t he  t ot a l  e ne r gy c ons umpt i on, i t  i s  i mpor t a nt  t o t a ke  me a s -
ur e s  t o r e duc e  t he s e  ne e ds  a nd, c ons e que nt l y, r e duc e  t he  EU e ne r gy de pe nde nc y a s  we l l  a s  r e -
duc i ng t he  gr e e nhous e  ga s  e mi s s i ons , i n a c c or da nc e  wi t h wha t  i s  pr e s c r i be d i n t he  EU Di r e c t i ve  
2002/ 91/ EU on Ene r gy Ef f i c i e nc y i n Bui l di ngs  ( EPBD) , r e c e nt l y r e i nf or c e d wi t h t he  " EPBD-
r e c a s t "  ( EPBD, 1991;  EPBD-r e c a s t , 2009) .  
Be s i de s  t he  e ne r gy e f f i c i e nc y, bui l di ngs  mus t  gua r a nt e e  a  he a l t hy a nd c omf or t a bl e  i ndoor  
c l i ma t e  a s  M e n s pe nd a bout  90%  of  t he i r  t i me  i ns i de  c l os e d s pa c e s . T hus , i t  i s  ma nda t or y t o 
c ont r ol  t he  e ne r gy c ons umpt i on i n t he  bui l di ng s e c t or , whi l e  ma i nt a i ni ng, or  e ve n i mpr ovi ng, 
t he  i ndoor  e nvi r onme nt a l  qua l i t y. But , a s  bui l di ngs  a r e  c ompl e x s ys t e ms , whe r e  a l l  a s pe c t s  a r e  
i nt e r c onne c t e d a nd i nf l ue nc e  e a c h ot he r , a n i nt e gr a t e d a nd c ompr e he ns i ve  a ppr oa c h t o t he  
bui l di ngs  de s i gn t ha t  e nha nc e  i ndoor  he a l t h a nd c omf or t  be s i de s  t he  e ne r gy s a vi ngs  a nd e nvi -
r onme nt a l  s us t a i na bi l i t y, s houl d be  f ol l owe d. T hi s  a i m l e a ds  t o t he  a na l ys i s  of  s e ve r a l  a l t e r na -
t i ve  s ol ut i ons , whi c h di f f e r  ge ome t r i c a l l y, t e c hnol ogi c a l l y, e nvi r onme nt a l l y a nd e c onomi c a l l y, 
a nd a l s o i n t e r ms  of  c omf or t  a nd Indoor  Ai r  Qua l i t y ( IAQ) . Howe ve r , t he s e  goa l s  a r e  of t e n i n 
c onf l i c t  a nd t he r e  i s  not  a  uni que  c r i t e r i on t ha t  de s c r i be s  t he  c ons e que nc e s  of  e a c h a l t e r na t i ve  
s ol ut i on a de qua t e l y a nd t he r e  i s  not  a  s i ngl e  s ol ut i on t ha t  opt i mi ze s  a l l  c r i t e r i a  s i mul t a ne ous l y. 
T he r e f or e , he a t i ng, c ool i ng, da yl i ght  a va i l a bi l i t y, Indoor  Ai r  Qua l i t y, a c ous t i c  be ha vi our  a nd 
e ne r gy r e duc t i on s t r a t e gi e s  s houl d be  me s he d a t  a n e a r l y s t a ge  wi t h t he  ot he r  r e qui r e me nt s  t o 
e ns ur e  t he  bui l di ngs  ove r a l l  c omf or t  c ondi t i ons  a nd e ne r gy e f f i c i e nc y. T o do s o, i t  i s  ne c e s s a r y 
t o pr e di c t  t he  t he r ma l , a c ous t i c  a nd da yl i ght  c ondi t i ons  a nd a l s o t he  IAQ be ha vi our  of  t he  
bui l di ngs , on t he  de s i gn pha s e , i n or de r  t o be  a bl e  t o do t he  r i ght  c hoi c e s , r e ga r di ng, f or  i n-
s t a nc e  t he  ge ome t r y, s pa c e  or ga ni za t i on, f e ne s t r a t i on s t r a t e gi e s , c ons t r uc t i on s ol ut i ons  a nd ma -
t e r i a l s , t o i mpr ove  t he  oc c upa nt s  ove r a l l  c omf or t  a nd, a t  t he  s a me  t i me , r e duc e  t he  e ne r gy c os t s . 
Ach iev in g  S u s tain ab ility th ro u g h  En erg y Ef f icien cy wh ile 
As s u rin g  In d o o r En v iro n men tal Qu ality 
S andra M ont ei ro da S i l va  
Department of Civil Engineering, University of Minho, Guimarães, Portugal 
M anuel a Guedes  de Al m ei da 
Department of Civil Engineering, University of Minho, Guimarães, Portugal 
ABST RACT :  S us t a i na bi l i t y i n t he  Bui l di ng s e c t or  i s  nowa da ys  a  ma j or  c onc e r n.  T a ki ng i n c o n-
s i de r a t i on t ha t  i n t he  EU bui l di ngs  a c c ount  f or  a bout  40%  of  t he  t ot a l  e ne r gy c ons umpt i on 
( 35%  i n Por t uga l ) , t he  EU Di r e c t i ve  2002/ 91/ EU on Ene r gy Ef f i c i e nc y i n Bui l di ngs  ( EPBD) , 
r e c e nt l y r e i nf or c e d wi t h t he  " EPBD-r e c a s t " , i mpos e s  a n i nc r e a s i ngl y s t r onge r  c ont r ol  of  t he  e n-
e r gy c ons umpt i on i n t hi s  s e c t or  whi l e  ma i nt a i ni ng, or  e ve n i mpr ovi ng, t he i r  i ndoor  e nvi r on-
me nt a l  qua l i t y ( IEQ) . But , a s  bui l di ngs  a r e  c ompl e x s ys t e ms , whe r e  a l l  a s pe c t s  a r e  i nt e r c on-
ne c t e d a nd i nf l ue nc e  e a c h ot he r , not  a l wa ys  i n a  f a vour a bl e  wa y, a n i nt e gr a t e d a nd 
c ompr e he ns i ve  a ppr oa c h t o t he  bui l di ngs  de s i gn, t ha t  e nha nc e  i ndoor  he a l t h a nd c omf or t  be -
s i de s  t he  e ne r gy s a vi ngs , s houl d be  f ol l owe d. In t hi s  wor k i t  i s  pr e s e nt e d a  mul t i -c r i t e r i a  a na l y-
s i s , s ui t a bl e  f or  t he  de s i gn pha s e  t ha t  ba l a nc e s  a l l  t he s e  a s pe c t s , wi t h t he  pot e nt i a l  of  be c omi ng 
a  va l ua bl e  t ool  t o a s s i s t  t he  de s i gne r  i n t he  mos t  a ppr opr i a t e  s e l e c t i on of  de s i gn a l t e r na t i ve s , 
c ons t r uc t i on s ol ut i ons  a nd ma t e r i a l s . 
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Fur t he r mor e , t o ma ke  a  c ons c i ous  s e l e c t i on of  t he  pos s i bl e  de s i gn a l t e r na t i ve s , i t  i s  ne c e s s a r y t o 
ba l a nc e  t he  pos i t i ve  a nd ne ga t i ve  a s pe c t s  of  e a c h s ol ut i on i nt o t he  gl oba l  be ha vi our  of  t he  
bui l di ng.  
M ul t i -c r i t e r i a  a na l ys i s  i s , i n t hi s  wa y, a n i mpor t a nt  t ool  i n s uc h pr obl e ms , s i nc e  i t  e mpl oys  
ma t he ma t i c a l  mode l s  t ha t  e va l ua t e  a l t e r na t i ve  s c e na r i os , i n t hi s  c a s e , de s i gn a l t e r na t i ve s , t ha t  
i nc l ude  ge ome t r y, c ons t r uc t i on s ol ut i ons , f e ne s t r a t i on s t r a t e gi e s , e t c ., t a ki ng i nt o a c c ount  bot h 
t he i r  obj e c t i ve  c ha r a c t e r i s t i c s  ( l i ke  t he r ma l  be ha vi our , da yl i ght  f a c t or , e ne r gy c ons umpt i on of  
t he  bui l di ng)  a nd t he  pr e f e r e nc e s  of  t he  de c i s i on ma ke r s  r e ga r di ng t he  obj e c t i ve s  a nd c on-
s t r a i nt s  of  e a c h pr oj e c t .  
T he  a i m of  t hi s  s t udy wa s  t o i nve s t i ga t e  t he  vi a bi l i t y of  t he  us e  of  mul t i -c r i t e r i a  a na l ys i s  t o 
i mpr ove  t he  e ne r gy e f f i c i e nc y a nd IEQ i n bui l di ngs . A s i mpl e  c a s e  s t udy wa s  s t udi e d t o de mon-
s t r a t e  t he  f e a s i bi l i t y of  t he  a ppr oa c h us i ng t he  mul t i -c r i t e r i a  a na l ys i s  me t hod El e c t r e  III. 
2 M ET HODOLOGY 
T o a c hi e ve  a n a de qua t e  IEQ i t  i s  ne c e s s a r y t o c ons i de r  e i t he r  t he  ove r a l l  c omf or t  c ondi t i ons  
( t he r ma l , a c ous t i c , vi s ua l  a nd Indoor  Ai r  Qua l i t y)  a s  we l l  a s  e ne r gy e f f i c i e nc y i n bui l di ngs . It  i s  
t he n e s s e nt i a l  t o opt i mi ze  t he  bui l di ng e nve l ope , by i mpr ovi ng c ons t r uc t i on s ol ut i ons  a nd i ns u-
l a t i on l e ve l s , gl a zi ng t ype  a nd s ha di ng de vi c e s , opt i mi zi ng t he  t he r ma l  a nd a c ous t i c  be ha vi our , 
t he  na t ur a l  ve nt i l a t i on a nd da yl i ght i ng t e c hni que s  t hr ough a n a ppr opr i a t e  de s i gn. But  t he  s ol u-
t i ons  a dopt e d i n bui l di ngs , us ua l l y, onl y opt i mi ze  no mor e  t ha n one  of  t he  ne c e s s a r y c omf or t  
r e qui r e me nt s . In ma ny c a s e s , t he  be s t  s ol ut i ons  t o a c c ompl i s h di f f e r e nt  c omf or t  r e qui r e me nt s  
a r e  not  c ompa t i bl e , e s pe c i a l l y i n wha t  c onc e r ns  na t ur a l  ve nt i l a t i on a nd l i ght i ng s t r a t e gi e s  a nd 
t he  a c ous t i c  a nd t he r ma l  pe r f or ma nc e . For  i ns t a nc e , t he  t ype  of  wi ndow us e d c a n ha ve  a  s t r ong 
a nd oppos i t e  i nf l ue nc e  on t he  t he r ma l  a nd a c ous t i c  pe r f or ma nc e  of  t he  bui l di ng, j us t  not  t o 
me nt i on i t s  i nt e r f e r e nc e  wi t h t he  IAQ.  
T he  de s i gn pha s e  i s  t he  i de a l  mome nt  t o me s h a nd i mpl e me nt  a l l  t he s e  pr i nc i pa l s  a s  i t  i s  s t i l l  
pos s i bl e  t o i mpl e me nt  modi f i c a t i ons  on t he  pr oj e c t . So, i t  i s  dur i ng t he  de s i gn pha s e  t ha t  t he  
s us t a i na bl e  bui l di ng c onc e pt s  s houl d be  a ppl i e d, by a  j udi c i ous  s e l e c t i on of  ma t e r i a l s , t e c h-
nol ogi e s  a nd c ons t r uc t i on me t hods  t o be  us e d. 
T o t e s t  t hi s  i nt e gr a t e d a ppr oa c h, t wo dwe l l i ngs  wi t h t hr e e  be dr ooms , r e pr e s e nt a t i ve  of  t he  
c onve nt i ona l  Por t ugue s e  bui l di ngs , we r e  s t udi e d, e s t i ma t i ng t he  he a t i ng a nd c ool i ng ne e ds , t he  
a c ous t i c  be ha vi our  of  t he  e nve l ope  ( e s t i ma t i ng t he  we i ght e d nor ma l i ze d a i r bor ne  s ound i ns ul a -
t i on i nde x) , t he  da yl i ght  f a c t or , t he  pe r c e nt a ge  of  t i me  c ons i de r e d c omf or t a bl e  by t he  bui l di ngs  
oc c upa nt s  a nd t he  i nde x PPD whi c h me a ns  t he  pe r c e nt a ge  of  pe opl e  di s s a t i s f i e d wi t h t he  IAQ. 
T he  a na l ys i s  c ons i de r e d a l l  t he  f a c t or s  t ha t  ha ve  i nf l ue nc e  on t he  be ha vi our  of  t he  bui l di ngs , 
s uc h a s  gl a zi ng t ype , a r e a  a nd or i e nt a t i on, s ha di ng de vi c e s , c ons t r uc t i on s ol ut i ons , t he r ma l  i ne r -
t i a , numbe r  of  a i r  c ha nge s  pe r  hour  ( a c h) , e t c .. 
T o pr e di c t  t he  e ne r gy c ons umpt i on a nd t he  t he r ma l  c omf or t  c ondi t i ons  of  t he  s e l e c t e d dwe l l -
i ngs , i t  wa s  us e d dyna mi c  s i mul a t i on. As  i n Por t uga l , i n ge ne r a l , r e s i de nt i a l  bui l di ngs  a r e  onl y 
a c c l i ma t i ze d dur i ng oc c upi e d pe r i ods , t he  HV AC s ys t e m wa s  s e t  up t o ma i nt a i n a n i ndoor  t e m-
pe r a t ur e  of  20º C i n wi nt e r  a nd 25º C i n s umme r  ( i n a c c or da nc e  wi t h t he  Por t ugue s e  l e gi s l a t i on - 
RCCT E, 2006)  onl y dur i ng t hi s  pe r i od t ha t  i s  be t we e n 7 pm a nd 8 a m. 
2.1 Simulation Tools 
T he  pr e di c t i on of  t he  bui l di ng t he r ma l  be ha vi our  wa s  done  us i ng t he  Ene r gyPl us  s i mul a t i on 
c ode , e s t i ma t i ng t he  he a t i ng a nd c ool i ng ne e ds , f or  di f f e r e nt  c ons t r uc t i on s ol ut i ons  f or  t he  e n-
ve l ope  a nd f or  t he  pa r t i t i on e l e me nt s . T he  bui l di ngs  ha d mi xe d ve nt i l a t i on, wi t h a i r  i nl e t s  on t he  
wi ndows  f r a me s  of  t he  ma i n r ooms  a nd wi t h me c ha ni c a l  ve nt i l a t i on i n t he  ki t c he n a nd i n t he  
W Cs . In s umme r , dur i ng ni ght  pe r i ods , t he  bui l di ngs  we r e  ve nt i l a t e d t o us e  t he  c ool e r  out s i de  
a i r  t o r e duc e  i ndoor  t e mpe r a t ur e .  
T he  t he r ma l  c omf or t  c ondi t i ons  of  t he  oc c upa nt s  we r e  de t e r mi ne d a c c or di ng t o EN ISO 7730 
a nd EN 15251. T he  c omf or t  pe r i od ( numbe r  of  hour s  dur i ng t he  oc c upi e d pe r i od whe r e  t he  oc -
c upa nt s  we r e  c omf or t a bl e )  wa s  a s c e r t a i n by Ene r gyPl us  a c c or di ng t o ASHRAE 55 - 2004 gr a ph 
( Se c t i on 5.2.1.1)  ( ASHRAE 55, 2004;  EN ISO 7730, 1994;  EN 1521;  2007) .  
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T he  a c ous t i c  be ha vi our  wa s  c ons i de r e d e s t i ma t i ng t he  we i ght e d nor ma l i ze d a i r bor ne  s ound 
i ns ul a t i on i nde x of  t he  f a ç a de  ( D 2m,  nT,  W ) , us i ng t he  Ac ouba t  Sound Pr ogr a m, a s  t hi s  i s  t he  onl y 
r e qui r e me nt  t ha t  t he  bui l di ng e l e me nt s  of  s i ngl e  de t a c he d f a mi l y hous e s  ha ve  t o f ul f i l  ( RRAE, 
2008) .  
T he  vi s ua l  c omf or t  wa s  a c c e s s e d t hr ough t he  da yl i ght  f a c t or , f or  t he  mos t  unf a vour a bl e  s i t ua -
t i on, us i ng t he  De s kt op Ra di a nc e  T ool , f or  t he  21 s t  of  De c e mbe r  a nd f or  t he  21 s t  of  J ul y c ons i d-
e r i ng t he  e xi s t e nc e  of  a  l i ght -c ol our  c ur t a i n i n e ve r y wi ndow. T he  da yl i ght  f a c t or  i s  t he  Int e r na -
t i ona l  Commi s s i on on Il l umi na t i on ( CIE f r om i t s  Fr e nc h t i t l e )  r e c omme nde d me t hod t o 
de t e r mi ne  t he  pe r f or ma nc e  of  a  da yl i ght i ng s ys t e m, a nd i s  i nde pe nde nt  on t he  wi ndow de s i gn 
a nd l oc a t i on, out door  obs t r uc t i ons , opt i c a l  c ha r a c t e r i s t i c s  of  i nne r  s ur f a c e s  a nd wi ndows . It  i s  
us e f ul  f or  e s t i ma t i ng t he  a mount  of  gl a zi ng ne e de d t o i l l umi na t e  a  s pa c e .  
T o a s s e s s  t he  Indoor  Ai r  Qua l i t y i t  wa s  a ppl i e d t he  Fa nge r  me t hod t o pr e di c t  t he  numbe r  of  
pe r s ons  di s s a t i s f i e d wi t h t he  IAQ, t a ki ng i nt o a c c ount  t he  numbe r  of  a c h, pr e di c t e d us i ng Co-
mi s  s t udi o pr ogr a m, t he  numbe r  of  oc c upa nt s  a nd t he  ma t e r i a l s  us e d ( l ow-pol l ut i ng or  non l ow-
pol l ut i ng)  ( Fa nge r , 1988;  CEN CR 1752, 1998) .  
2.2 Building Characteristics 
The buildings under analysis, used to test the methodology, have three south oriented bedrooms. 
The kitchen and the dining and living room are north oriented, in building 1 and South oriented in 
building 2 (Figure 1). 
 
 
Figur e  1  Sc he ma tic  p la n o f the  stud ie d  b uild ings 
 
T he  W Cs  a r e  me c ha ni c a l l y ve nt i l a t e d a nd t he  wi ndows  ha ve  a dj us t a bl e  a i r  i nl e t s  i n t he  f r a me  
t o gua r a nt e e  t he  ve nt i l a t i on of  t he  dwe l l i ng. T he  gl a zi ng a r e a  c or r e s ponds  t o 15%  of  t he  f l oor  
a r e a  ( 30%  of  t he  wa l l s  a r e a ) , t o opt i mi ze  t he  us e  of  s ol a r  ga i ns  i n wi nt e r  a nd t he  da yl i ght  a va i l -
a bi l i t y ( 3.36 m 2  on t he  ki t c he n, 5.15 m 2  on t he  di ni ng a nd l i vi ng r oom, 2.75 m 2 , 2.20 m 2  a nd 
2.75 m 2  f or  t he  be dr ooms ) .  
2.3 Construction Characteristics 
The construction solutions analyzed are shown in Figure 2 and listed on Table 1, for the different 
types of elements of the building envelope. The windows have an adj ustable shading system (ve-
netian blinds) on the outside to maximize the solar gains during winter and minimize the un-
wanted solar gains during summer and at the same time allowing the control of daylight, thus, 
avoiding the use of artificial lighting.  
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Figur e  2  V e r tic a l c r o ss-se c tio n o f the  c o nstr uc tio n so lutio ns o f the  wa lls a nd  flo o r s o f the  b uild ings ( e xte r -
na l a nd  p a r titio n e le me nts)  
 
 
T a b le  1  Co nstr uc tio n so lutio ns c ha r a c te r istic s  
E le me nt Co nstr uc tio n So lutio ns ( se e  Figur e  2 )  
Fa ç a d e  
D o ub le  p a ne  wa ll,  ho llo w b r ic k wa ll ( 1 5 c m +  1 1 c m) ,  with 6  c m o f mine r a l wo o l in p la te s 
p la c e d  in the  a ir  c a vity a nd  finishe d  with p la ste r  o n b o th sid e s 
Single  c o nc r e te  wa ll ( 1 5  c m) ,  with 4  c m o f e xp a nd e d  e xtr ud e d  p o lystyr e ne ,  finishe d  with 
p la ste r  o n b o th sid e s 
P a r titio n wa lls Single  p a ne  ho llo w b r ic k wa ll with 1 1 c m,  finishe d  with p la ste r  o n b o th sid e s  
W ind o ws 
M e ta llic  wind o w fr a me s with a d j usta b le  a ir  
inle ts,  ve ne tia n b lind s o n the  o utsid e  a nd  
o ve r ha ngs o n so uth wind o ws 
D o ub le  p a ne  c le a r  gla z ing ( 8 + 1 0 + 6 )  mm 
D o ub le  p a ne  Lo w-e  gla z ing ( 6 + 1 0 + 4 )  mm 
 
2.4 Multi-criteria analysis 
T he  mul t i -c r i t e r i a  de c i s i on a na l ys i s  ( M CDA)  de f i ne s  f l e xi bl e  a ppr oa c h mode l s  t o he l p t he  de c i -
s i on ma ke r , a nd/ or  t he  de s i gn t e a m, s e l e c t i ng t he  mos t  a de qua t e  s ol ut i ons  be t we e n a  l a r ge  num-
be r  of  opt i ons  a nd pos s i bi l i t i e s . T he  pr obl e m of  t he  de c i s i on ma ke r  i s  a  mul t i -obj e c t i ve  opt i mi -
za t i on pr obl e m ( Ehr got t  & W i e c e k, 2005)  c ha r a c t e r i ze d by t he  e xi s t e nc e  of  mul t i pl e , a nd i n 
s e ve r a l  c a s e s  c ompe t i t i ve , obj e c t i ve s  t ha t  s houl d be  opt i mi ze d, t a ki ng i nt o a c c ount  a  s e t  of  pa -
r a me t e r s  ( c r i t e r i a )  a nd c ons t r a i nt s . 
T hi s  ki nd of  a na l ys i s  i s  a bl e  t o r e f l e c t  t he  obj e c t i ve s  a nd l i mi t a t i ons  of  e a c h one  of  t he  a l t e r -
na t i ve s  t o be  s t udi e d, but  i t  i s  ne c e s s a r y t o be  t hor ough on s e l e c t i ng t he  c r i t e r i a  t ha t  s houl d be  
e xha us t i ve  but  not  r e dunda nt  ( no mor e  t ha n 12)  a nd mus t  be  c ohe r e nt  ( whi c h a r e  t he  c r i t e r i a  t o 
be  ma xi mi ze d a nd t o be  mi ni mi ze d)  ( Roy & Bouys s on, 1993;  Roul e t  e t  a l , 2002) . 
T he  s e l e c t i on of  t he  be s t  opt i ons  t o opt i mi ze  t he  s us t a i na bi l i t y t hr ough e ne r gy pe r f or ma nc e , 
a nd t he  IEQ of  bui l di ngs  i s  a  t ype  of  pr obl e m t ha t  f i t s  t he  pur pos e s  of  a  mul t i -c r i t e r i a  a na l ys i s . 
T he  mul t i -c r i t e r i a  me t hodol ogy s e l e c t e d i n t hi s  wor k t o he l p t he  de c i s i on ma ke r  s e l e c t i ng t he  
mos t  a de qua t e  s ol ut i ons  t o opt i mi ze  t he  bui l di ng IEQ a nd e ne r gy e f f i c i e nc y wa s  t he  El e c t r e  III 
mode l  a s  i t  ma y be  c ons i de r e d a s  a  de c i s i on-a i d t e c hni que  s ui t e d t o t he  a ppr a i s a l  of  c ompl e x 
c i vi l  e ngi ne e r i ng pr oj e c t s  ( Pa pa dopoul os  & K a r a gi a nni di s , 2008) . T hi s  me t hod r e qui r e s  t he  
de f i ni t i on of  we i ght s , whi c h a l l ows  t he  de c i s i on ma ke r  t o pr ovi de  hi s  s c a l e  of  va l ue s , a c c or di ng 
t o t he  obj e c t i ve . 
2.4.1 The Electre III method 
El e c t r e  III i s  a  mul t i -c r i t e r i a  de c i s i on a na l ys i s  me t hod ( Roy, 1978)  t ha t  t a ke s  i nt o a c c ount  t he  
unc e r t a i nt y a nd i mpr e c i s i on, whi c h a r e  us ua l l y i nhe r e nt  i n da t a  pr oduc e d by pr e di c t i ons  a nd e s -
t i ma t i ons . T he  c ons t r uc t i on of  a n out r a nki ng r e l a t i on a mount s  a t  va l i da t i ng or  i nva l i da t i ng, f or  
a ny pa i r  of  a l t e r na t i ve s  ( a , b) , t he  a s s e r t i on " a i s  a t  l e a s t  a s  good a s  b" . T hi s  c ompa r i s on i s  
gr ounde d on t he  e va l ua t i on ve c t or s  of  bot h a l t e r na t i ve s  a nd on a ddi t i ona l  i nf or ma t i on c onc e r n-
i ng t he  de c i s i on ma ke r 's  pr e f e r e nc e s , a c c ount i ng f or  t wo c ondi t i ons :  c onc or da nc e  a nd non-
di s c or da nc e .  
T he  El e c t r e  III me t hod i s  ba s e d on t he  a xi om of  pa r t i a l  c ompa r a bi l i t y a c c or di ng t o whi c h 
pr e f e r e nc e s  a r e  s i mul a t e d wi t h t he  us e  of  f our  bi na r y r e l a t i ons :  I, i ndi f f e r e nc e ;  P, he a vy pr e f e r -
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e nc e ;  Q, l i ght  pr e f e r e nc e  a nd R, non-c ompa r a bi l i t y. Fur t he r mor e , t he  t hr e s hol ds  of  pr e f e r e nc e  
( p) , i ndi f f e r e nc e  ( q)  a nd ve t o ( v)  ha ve  be e n i nt r oduc e d, s o t ha t  r e l a t i ons  a r e  not  e xpr e s s e d mi s -
t a ke nl y due  t o di f f e r e nc e s  t ha t  a r e  l e s s  i mpor t a nt  ( Roy, 1978) .  
T he  mode l  pe r mi t s  a  ge ne r a l  or de r i ng of  a l t e r na t i ve s , e ve n whe n i ndi vi dua l  pa i r s  of  opt i ons  
r e ma i n i nc ompa r a bl e  whe r e  t he r e  i s  i ns uf f i c i e nt  i nf or ma t i on t o di s t i ngui s h be t we e n t he m. Al s o, 
t he  t e c hni que  i s  c a pa bl e  of  de a l i ng wi t h t he  us e  of  di f f e r e nt  uni t s , t he  mi x of  bot h qua nt i t a t i ve  
a nd qua l i t a t i ve  i nf or ma t i on a nd whe n s ome  a s pe c t s  a r e  “ t he  hi ghe r  t he  be t t e r ”  a nd ot he r s  a r e  
“ t he  l owe r  t he  be t t e r ” , a s  oc c ur s  wi t hi n a n e ngi ne e r i ng pr oj e c t  a ppr a i s a l .  
T he  r a nk of  a  bui l di ng i n a  s e r i e s  doe s  not  c ha nge  muc h whe n t he  we i ght s  gi ve n t o t he  va r i -
ous  c r i t e r i a  or  t he  t hr e s hol d l e ve l s  f or  ve t o, pr e f e r e nc e  or  i ndi f f e r e nc e  a r e  c ha nge d wi t hi n a  r e -
a l i s t i c  r a nge  ( Roul e t  e t  a l ., 1999, Roul e t  e t  a l ., 2002) .  
T he  El e c t r e  III me t hod doe s  not  a l l ow f or  c ompe ns a t i on, whi c h ma y oc c ur  whe n us i ng me t h-
odol ogi e s  ba s e d on pe r f or ma nc e  i nde xe s , due  t o t he  us e  of  t he  ve t o t hr e s hol d. Compe ns a t i on 
oc c ur s  whe n a  c r i t e r i on wi t h poor  r a t i ng a c c or di ng t o one  pa r a me t e r  i s  c ompe ns a t e d by f a i r  r e -
s ul t s  on s e ve r a l  ot he r  pa r a me t e r s . Us i ng t hi s  me t hod, a  bui l di ng whi c h s hows  t oo poor  r e s ul t s  i n 
one  c r i t e r i on c a nnot  be  r a nke d i n a  hi ghe r  pos i t i on ( Roul e t  e t  a l ., 1999, Roul e t  e t  a l ., 2002) .  
3 RESULT S 
In the study performed, the Electre III method was applied to the evaluation of five alternatives, 
based on two types of buildings, with one and two façades with glazing, on the basis of five crite-
ria covering energy needs, comfort period, acoustic insulation, Percentage of People Dissatisfied 
with the IAQ and Daylight Factor (DF).  
T a bl e  2 l i s t s  t he  di f f e r e nt  c r i t e r i a , t hr e s hol ds  a nd we i ght s  t ha t  a r e  ne e de d t o us e  t he  El e c t r e  
III me t hod. T he  we i ght s  a nd t hr e s hol ds  a r e  pr e s e nt e d he r e  j us t  a n e xa mpl e . T he s e  va l ue s  mus t  
be  de f i ne d by t he  pr oj e c t  t e a m a c c or di ng t o t he  obj e c t i ve s  a nd c ons t r a i nt s  of  t he  pr oj e c t . 
 
 
T a b le  2  Cr ite r ia ,  we ights a nd  thr e sho ld s   
Ca te go r y  
( C r ite r ia )  U nits W e ight 
 T hr e sho ld   
P r e fe r e nc e  I nd iffe r e nc e  V e to  
T he r ma l Co mfo r t 
( P e r c e nta ge  o f Co mfo r ta b le  T ime )  
( %)  2 5  2 0  1 0  5 0  
Ac o ustic  I nsula tio n 
( D  2m,  nT,  W ,  D nT,  W  a nd /o r  L’ nT,  W )  
( d B )  2 2  5  2  1 0  
I nd o o r  Air  Q ua lity 
( P e r c e nta ge  o f P e o p le  D issa tisfie d ,  P P D )  
( %)  1 8  5  2  1 5  
V isua l Co mfo r t 
( D a ylight Fa c to r ,  D F)  
( %)  1 5  0 . 5  0 . 2  2  
E ne r gy Co nsump tio n  kW /( m
2 . ye a r )  2 0  5 0  1 0  1 0 0  
 
T he  c r i t e r i a  t ha t  we r e  s e l e c t e d a r e  t he  one s  t ha t  a r e  r e l a t e d t o t he  s us t a i na bi l i t y of  t he  bui l d-
i ngs , t he  e ne r gy c ons umpt i on, a nd t he  mos t  i mpor t a nt  c ha r a c t e r i s t i c s  of  t he  IEQ, a nd a l s o be -
c a us e  i t  i s  pos s i bl e  t o de f i ne  t he m i n a  non s ubj e c t i ve  wa y. T he s e  c r i t e r i a  a r e  a l s o one s  of  t he  
f e w t ha t  a r e  pos s i bl e  t o pr e di c t  i n t he  de s i gn pha s e  a nd a r e  unde r  t he  de s i gne r  s c ope . 
T he  we i ght s  we r e  de f i ne d t a ki ng i nt o a c c ount  t he  r e l a t i ve  i mpor t a nc e  of  e a c h of  t he  c r i t e r i a . 
T he  we i ght  of  t he  e ne r gy c ons umpt i on wa s  e s t a bl i s he d ba s e d on t he  t a r ge t s  de f i ne d by t he  
" EPBD-r e c a s t "  ( EPBD-r e c a s t , 2009) . T he  we i ght s  e s t a bl i s he d f or  t he  IEQ c r i t e r i a  we r e  de f i ne d 
a c c or di ng t o t he  r e l a t i ve  i mpor t a nc e  of  e a c h one  t o t he  oc c upa nt s  ba s e d on s t udi e s  pe r f or me d i n 
Por t uga l  a nd a c c or di ng t o l i t e r a t ur e  ( M ont e i r o Si l va , 2009;  Rohl e s  e t  a l ., 1987;  K i m e t  a l . 
2005) . T he s e  s t udi e s  s howe d t ha t  t he  t he r ma l  c omf or t  i s  t he  mos t  va l ue d c r i t e r i on, f ol l owe d by 
t he  a c ous t i c  c omf or t  a nd IAQ. T he  vi s ua l  c omf or t  i s  t he  l e s s  va l ue d c r i t e r i on. 
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T he  t hr e s hol ds  we r e  de f i ne d a c c or di ng t o t he  c r i t e r i a  c ha r a c t e r i s t i c s , f or  e xa mpl e  a  2 dB di f -
f e r e nc e  i s  not  pe r c e pt i bl e  t o t he  huma n e a r , but  5 dB i s  a  s i gni f i c a nt  di f f e r e nc e .  
Fi ve  de s i gn a l t e r na t i ve s  we r e  s e l e c t e d, ba s e d on t wo di f f e r e nt  bui l di ngs , s hown i n Fi gur e  1, 
Bui l di ng 1 a nd Bui l di ng 2. T he  bui l di ngs  ha ve  s i mi l a r  a r e a s , but  t he  gl a zi ngs  ha ve  di f f e r e nt  or i -
e nt a t i ons , c onduc t i ng t o di f f e r e nt  s ol a r  ga i ns  a nd e ne r gy ne e ds . 
T he  s t udy wa s  pe r f or me d c ons i de r i ng t ha t  t he r e  a r e  f our  hous e hol ds  a nd t he  HV AC s ys t e m 
wa s  s e t  up t o ma i nt a i n a n i ndoor  t e mpe r a t ur e  of  20º C i n wi nt e r  a nd 25º C i n s umme r , wor ki ng 
be t we e n 7 pm a nd 8 a m. T he  ve nt i l a t i on r a t e  wa s  of  0.98 a c h. Al l  t he  opt i ons  f ul f i l  t he  r e gul a -
t i ons . 
T he  c ons t r uc t i on s ol ut i ons  a na l yze d, de f i ne d i n T a bl e  1, we r e  t he  s a me  f or  t he  t wo bui l di ngs . 
Opt i on A c or r e s ponds  t o a  f a ç a de  wi t h a  doubl e  br i c k wa l l  a nd opt i on B t o a  s i ngl e  c onc r e t e  
wa l l . Opt i on C ha s  t he  s a me  wa l l s  a s  opt i on A, but  t he  pa i nt i ng us e d i s  l ow pol l ut i ng. In opt i on 
1A t he  oc c upa nt s  a r e  non-s moke r s , a nd i n opt i on 1B a nd 1C 20%  of  t he  oc c upa nt s  s moke  i n-
s i de  t he  bui l di ng. In opt i on 2A 20%  of  t he  oc c upa nt s  a r e  s moke r s  a nd i n opt i on 2B t he  oc c u-
pa nt s  a r e  non-s moke r s . 
T he  a c ous t i c  i ns ul a t i on of  t he  f a ç a de  a nd t he  da yl i ght  f a c t or  s hown i n T a bl e  3 a r e  f r om t he  
di ni ng a nd l i vi ng-r oom t ha t  i s  t he  mos t  unf a vour a bl e  r oom of  t he  bui l di ng. T he  ot he r  c r i t e r i a  
a r e  f r om t he  whol e  bui l di ng. 
T a bl e  3 l i s t s  t he  r e s ul t s  of  t he  pr e di c t i on of  t he  bui l di ng be ha vi our  a c c or di ng t o t he  f i ve  c r i t e -
r i a  s e l e c t e d t o out r a nk t he  de s i gn a l t e r na t i ve s . 
 
 
T a b le  3  Cr ite r ia  fo r  the  d iffe r e nt d e sign a lte r na tive s  
O p tio ns E n e r gy ne e d s [ kW /m 2 . ye a r ]  
Co mfo r t 
p e r io d  
[ %]  
Ac o ustic  
insula tio n 
[ d B ]  
P P D  with 
the  I AQ  
[ %]  
D a ylight 
Fa c to r  
[ %]  
( ↓ - lo we r  is b e tte r ; ↑ - highe r  is b e tte r )  ↓ ↑ ↑ ↓ ↑ 
2  fa ç a d e s,  with d o ub le  b r ic k wa ll,  no n smo k-
e r s ( 1 A)  5 3 . 3  4 0  3 5  2 0  1 . 2  
1  fa ç a d e ,  with d o ub le  b r ic k wa ll,  2 0 % smo k-
e r s,  p a inting use d  a r e  lo w p o lluting ( 2 A)  4 1 . 2  3 5  3 1  1 5  1 . 5  
2  fa ç a d e s,  with d o ub le  b r ic k wa ll,  2 0 % 
smo ke r s ( 1 B )  2 3 . 5  4 8  3 3  2 2  2 . 0  
2  fa ç a d e s,  with d o ub le  b r ic k wa ll,  2 0 % 
smo ke r s,  p a inting use d  a r e  lo w p o lluting ( 1 C)  3 2 . 3  4 5  3 5  1 5  2 . 0  
1  fa ç a d e ,  with single  c o nc r e te  wa ll,  no n 
smo ke r s lo w p o lluting p a inting ( 2 B )  5 5 . 6  6 0  3 3  1 3  1 . 5  
 
Opt i on 1C a nd 1A a r e  t he  one s  wi t h be s t  be ha vi our  a c c or di ng t o a c ous t i c  i ns ul a t i on a nd op-
t i on 1C a nd 1B a r e  t he  one s  wi t h be s t  pe r f or ma nc e  a c c or di ng t o t he  da yl i ght  f a c t or .  
T he  r e s ul t s  of  t he  out r a nki ng us i ng El e c t r e  III me t hod a r e  pr e s e nt e d i n T a bl e  4. T he  dwe l l i ng 
wi t h 2 f a ç a de s , wi t h opt i mi ze d c ons t r uc t i on s ol ut i ons , opt i on 1C, wa s  r a nke d a s  t he  be s t  a c t i on. 
 
 
T a b le  4  Cr e d ib ility d e gr e e s ma tr ix 
      N o n- D o m Ra nking 
O p tio ns 1 A 2 A 1 B  1 C 2 B  A µ( A)  O p tio ns 
1 A - 0 . 7 6  0 . 7 5  0 . 6 1  0 . 5 2  1 A 0 . 5 2  1 C 
2 A 0 . 8 5  - 0 . 7 4  0 . 7 0  0 . 7 5  2 A 0 . 7 0  2 B  
1 B  1  0 . 8 2  - 0 . 8 2  0 . 7 7  1 B  0 . 8 2  1 B  
1 C 1  1  1  - 0 . 8 8  1 C 1 . 0 9  2 A 
2 B  1  0 . 9 8  0 . 7 4  0 . 7 8  - 2 B  0 . 9 1  1 A 
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T he  be s t  r a nke d opt i on wa s  not  t he  one  t ha t  ha d t he  be s t  pe r f or ma nc e  i n t he  c r i t e r i a  wi t h 
hi ghe s t  we i ght s , wa s  i n t he  t hi r d pos i t i on i n t he  hi ghe s t  we i ght e d c r i t e r i on. T hi s  opt i on ha d t he  
be s t  pe r f or ma nc e  i n t wo of  t he  c r i t e r i a , but  ot he r  opt i on ha d t he  s a me  pe r f or ma nc e . 
As  T a bl e s  3 a nd 4 s how, t he  opt i on 2B, t ha t  ha s  t he  hi ghe r  c omf or t  pe r i od ( whi c h i s  t he  c r i t e -
r i on t ha t  ha s  t he  hi ghe s t  we i ght ) , i s  not  t he  one  be s t  r a nke d.  
T hi s  e xa mpl e  s hows  t ha t  a ppl yi ng t hi s  me t hodol ogy, due  t o t he  us e  of  we i ght s  a nd t hr e s h-
ol ds , t he  be s t  a c t i on i s  not  t he  one  a s s oc i a t e d t o t he  hi ghe s t  we i ght , e ve n i f  i t  i s  t he  one  t ha t  ha s  
t he  be s t  pe r f or ma nc e  i n t ha t  c r i t e r i on. T he  me t hodol ogy i s  s e ns i t i ve  t o s ma l l  c ha nge s , a s s oc i -
a t e d t o t he  a r e a  of  t he  bui l di ng, t he  e ne r gy ne e ds , e t c .. 
4 CONCLUSION 
This methodology allows, in an easy and quick way, to outrank design options according to a set 
of criteria pre-established and based on the weight and thresholds assigned to each one. 
T he  pos s i bi l i t y t o c ha nge  t he  c r i t e r i a , we i ght  a nd t hr e s hol ds  a c c or di ng t o t he  obj e c t i ve s  a nd 
c ons t r a i nt s  of  t he  pr oj e c t  e na bl e  t he  us e  of  t hi s  me t hodol ogy t o a  va s t  s e t  of  pos s i bi l i t i e s  ( di f -
f e r e nt  a r e a s , s e l e c t i on of  c ons t r uc t i on s ol ut i ons , ma t e r i a l s , e t c .) . 
Us i ng t hi s  me t hodol ogy, t he  de s i gn t e a m c a n c ompa r e  de s i gn a l t e r na t i ve s  ba s e d on di f f e r e nt  
c r i t e r i a , f or  e xa mpl e , t he  us e f ul  a r e a , s pa c e  or ga ni za t i on, gl a zi ng a r e a , e t c ., s e l e c t  a nd c ompa r e  
ma t e r i a l s  a nd c ons t r uc t i on s ol ut i ons , c ons i de r i ng, f or  e xa mpl e  t he  U-va l ue , a c ous t i c  i ns ul a t i on 
l e ve l , t hi c kne s s , we i ght , e mbodi e d e ne r gy, j us t  t o na me  a  f e w. T he  c r i t e r i a , we i ght  a nd t hr e s h-
ol ds  s houl d be  s e l e c t e d by t he  de s i gn t e a m a c c or di ng t o t he  a i ms  of  t he  pr oj e c t . 
T he  de s i gn t e a m, onc e  opt i mi ze d e a c h one  of  t he  di f f e r e nt  c ompone nt s  of  t he  bui l di ng, c a n 
c ompa r e  di f f e r e nt  de s i gn a l t e r na t i ve s  ( us i ng t he  s a me  c r i t e r i a , we i ght  a nd t hr e s hol ds  a s  t he  
s t udy pr e s e nt e d or  s e l e c t  ot he r  t ha t  be s t  a dj us t s  t o t he  s t udy unde r  a na l ys i s ) , c ompa r e  l oc a t i ons  
( or i e nt a t i on, s ha di ng due  t o ot he r  bui l di ngs , a me ni t i e s , a c c e s s i bi l i t y t o publ i c  t r a ns por t a t i on, 
a nd s o on) .  
As  i t  i s  ne c e s s a r y t o c ompa r e  a  l a r ge  s e t  of  a l t e r na t i ve s , t o be  a bl e  t o s e l e c t  t he  be s t  one , t he  
numbe r  of  a r e a s  unde r  a na l ys i s  ( t he r ma l , a c ous t i c , IAQ, na t ur a l  l i ght i ng be ha vi our  of  bui l d-
i ngs ) , t he  us e  of  de t a i l e d s i mul a t i on me t hods  t o i nc r e a s e  t he  r i gor  of  t he  s t udy, t ha t  not  a l l  t he  
de s i gn t e a ms  a r e  a c qua i nt e d wi t h a nd a l s o due  t o t he  t i me  ne e de d t o pe r f or m s uc h de t a i l e d 
a na l ys i s , a r e  s ome  of  t he  di s a dva nt a ge s  of  t he  me t hodol ogy.  
T hi s  ha ndi c a p ma y be  ove r c ome  by us i ng s i mpl i f i e d me t hods  t o e s t i ma t e  t he  e ne r gy ne e ds , 
f or  e xa mpl e  t he  na t i ona l  e ne r gy c ode s  ba s e d on t he  EPBD. T he  s t udy ma y a l s o be  c a r r i e d out  i n 
pha s e s , i n a  f i r s t  pha s e , wi t h ma ny a l t e r na t i ve s , a r e  us e d s i mpl i f i e d a na l ys i s  t o s e l e c t  t he  mos t  
s ui t a bl e  one s  a nd a f t e r wa r ds  t he  be s t  r a nke d s ol ut i ons  a r e  obj e c t  of  a  de t a i l e d a na l ys i s . 
T hus , t he  us e  of  a  mul t i -c r i t e r i a  de c i s i on a na l ys i s  i s  a  wa y t o he l p t he  de c i s i on ma ke r  t o s e -
l e c t  t he  mos t  s ui t a bl e  de s i gn a l t e r na t i ve  r e ga r di ng di f f e r e nt  a s pe c t s  t ha t  a f f e c t  Indoor  Envi r on-
me nt a l  Qua l i t y ( IEQ)  a nd e ne r gy pe r f or ma nc e  of  t he  bui l di ngs .  
T he  e xa mpl e  he r e  pr e s e nt e d a l l ows  a  r obus t  a na l ys i s  of  t he  bui l di ngs  a s  i t  c ompr i s e  a  de -
t a i l e d s t udy of  e a c h a l t e r na t i ve  t hr ough a  de t a i l e d s i mul a t i on a nd a na l ys i s  of  t he  ma i n f a c t or s  
t ha t  a f f e c t  t he  IEQ a nd a l s o t he  s us t a i na bi l i t y, ba s e d on t he  e ne r gy ne e ds  of  t he  bui l di ngs . 
T hr oughout  t he  mul t i -c r i t e r i a  a na l ys i s  pe r f or me d, i t  wa s  pos s i bl e  t o ve r i f y t ha t  t he  ove r a l l  
c omf or t  e xi ge nc i e s  a r e  not  r e s t r i c t i ve , be c a us e  t he r e  a r e  a  l a r ge  numbe r  of  c ons t r uc t i ve  s ol u-
t i ons  t ha t , whe n a de qua t e l y us e d, wi l l  a s s ur e  a l l  t he  ne e ds , be i ng onl y ne c e s s a r y t o i nt e gr a t e  t he  
e xi ge nc i e s  of  a l l  t he  di f f e r e nt  r e qui r e me nt s . 
T he  pr opos e d mul t i -c r i t e r i a  me t hod, whi c h c a n e a s i l y be  a ppl i e d us i ng bui l di ng s i mul a t i on 
s of t wa r e , a l l ows  bui l di ngs  t o be  r a t e d a c c or di ng t o t he i r  e ne r gy us e  a nd c omf or t  c ondi t i ons , or  
by us i ng a  mor e  c ompl e t e  s e t  of  pa r a me t e r s  i nvol vi ng e nvi r onme nt a l  f a c t or s . T hi s  me t hodol ogy 
ma y be  us e d i n t he  de s i gn pha s e  or  t o e va l ua t e  r e ha bi l i t a t i on or  r e t r of i t t i ng s c e na r i os . 
Us i ng t he  El e c t r e  III, bui l di ngs , de s i gn a l t e r na t i ve s  or  r e t r of i t  s c e na r i os  c a n be  r a nke d a c -
c or di ng t o s e ve r a l  c r i t e r i a  a nd we i ght s  r e pr e s e nt i ng t he  pr e f e r e nc e s  of  t he  de c i s i on ma ke r .  
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1 INT RODUCT ION 
Concrete, as it is known nowadays, has been used for thousands of years. Concrete is constituted 
by a composite of coarse aggregate kept together by a paste of hydraulic binder, which was al-
ready used by the Romans in the construction of part of their structures, some of which survived 
to the present days. 
W i t h t he  i nve nt i on of  nor ma l  Por t l a nd c e me nt  ( NPC)  i n t he  f i r s t  ha l f  of  t he  19 th  c e nt ur y, c on-
c r e t e  a s  i t  i s  known t oda y a ppe a r e d, whi c h be c a me  i n mode r n t i me s  t he  mos t  i mpor t a nt  c on-
s t r uc t i on ma t e r i a l  i n t he  wor l d. Ne ve r t he l e s s , a nd de s pi t e  t he  popul a r i t y of  i t s  us e , c onc r e t e  i s  
a s s oc i a t e d wi t h s e ve r a l  a noma l i e s  obs e r ve d i n i nf r a -s t r uc t ur e s  c ur r e nt l y i n us e , us ua l l y l i nke d t o 
pr obl e ms  r e l a t e d t o t he  mi xe s , t o poor  c a s t i ng a t  t he  c ons t r uc t i on s i t e  or  t o i na de qua t e  or  e ve n 
i ne xi s t e nt  ma i nt e na nc e  pr oc e s s e s , whi c h ma y l e a d t o pe r ma ne nt  de t e r i or a t i on of  t he  s t r uc t ur e s  
a nd t o t he  c ons e que nt  l os s  of  us a bi l i t y c ondi t i ons . 
T he  i nc r e a s e  of  wor l dwi de  s oc i a l  e mpa t hy t owa r ds  t he  pl a ne t ’ s  s us t a i na bi l i t y pr obl e ms  ha s , 
nowa da ys , l e d t o a  gr e a t e r  c onc e r n of  t he  e nvi r onme nt a l  i mpa c t  of  t he  us e  of  c onc r e t e  i n c on-
s t r uc t i on. T hi s  i s  now one  of  t he  ma j or  c onc e r ns , i f  not  t he  ma i n c onc e r n of  t he  c onc r e t e  i ndus -
t r y. Na t ur a l l y, t he  s e a r c h f or  s us t a i na bi l i t y s ol ut i ons  i s  ( or  s houl d be )  c a us i ng s i gni f i c a nt  
c ha nge s  t o t he  c ur r e nt  l i vi ng s t a nda r ds , l e a di ng t o t he  i de nt i f i c a t i on of  t he  mos t  “ pr obl e ma t i c ”  
s e c t or s . Re c ogni s i ng t he  c onc r e t e  i ndus t r y a s  one  of  t he  ma i n c ons ume r s  of  na t ur a l  r a w ma t e r i -
a l s  a nd e ne r gy r e s our c e s , t he r e f or e  c ons t i t ut i ng one  t he  ma i n c ont r i but or s  t o t he  wor s e ni ng, f or  
e xa mpl e , of  t he  pl a ne t ’ s  gr e e nhous e  e f f e c t  ( M e ye r , 2002) , c ome s  up, a s  a  l ogi c a l  c ons e que nc e , 
t he  ne e d t o de ve l op a nd t e s t  ne w s ol ut i ons . 
T he r e f or e , t he  ne w c ha l l e nge  f a c e d by t he  c ons t r uc t i on i ndus t r y, a nd a l r e a dy a c knowl e dge d 
by ma ny, i s  t ha t  of  pr ovi di ng mor e  e f f i c i e nt  a ns we r s  i n t e r ms  of  de ve l opme nt  a nd us e  of  ne w 
t e c hni que s  a nd ma t e r i a l s  t ha t  c a n r e s pond t o a  hi ghe r  a nd t i ght e r  l e ve l  of  r e qui r e me nt s  i n t e r ms  
of  e nvi r onme nt  a nd t ha t  ma y, s i mul t a ne ous l y, a c hi e ve  s upe r i or  pe r f or ma nc e s  wi t h l owe r  c os t s . 
In ot he r  wor ds , i t  wi l l  be  ne c e s s a r y t o pr oduc e  c onc r e t e  wi t h e xc e l l e nt  me c ha ni c a l  pr ope r t i e s  i n 
pa r a l l e l  wi t h hi gh dur a bi l i t y l e ve l s  a nd c ont r ol l e d c os t s . 
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ABST RACT :  T hi s  pa pe r  i nt e nds  t o de mons t r a t e  how s e l f - c ompa c t i ng c onc r e t e  c a n c ont r i but e  
t o r e duc e  t he  e f f e c t s  of  t he  c ons t r uc t i on i ndus t r y i n t e r ms  of  s us t a i na bl e  de ve l opme nt . T he  i m-
pa c t  of  t he  c ons t r uc t i on i ndus t r y on t he  e nvi r onme nt  i s  s i gni f i c a nt  a nd i t  c a n not  be  ove r l ooke d 
whe n a na l ys i ng t he  i s s ue  of  s us t a i na bl e  a nd ba l a nc e d de ve l opme nt  of  t he  pl a ne t  wi t h a n e mpha -
s i s  on t he  gr e e nhous e  e f f e c t  a nd t he  c ons umpt i on of  l i mi t e d na t ur a l  r e s our c e s . T hi s  pa pe r  hi gh-
l i ght s  how t he  us e  of  s e l f -c ompa c t i ng c onc r e t e  ( SCC)  c a n be  a n i mpor t a nt  c ont r i but e  t o r e a c h a  
be t t e r  s us t a i na bl e  de ve l opme nt , na me l y by i nc or por a t i ng s i gni f i c a nt  qua nt i t i e s  of  s ub-pr oduc t s  
of  ot he r  i ndus t r i e s  a nd r e c yc l e d ma t e r i a l s  i n i t s  c ompos i t i on, a nd by pot e nt i a l l y i nc r e a s i ng t he  
s t r uc t ur e s  dur a bi l i t y whi c h wi l l  l e a d t o l onge r  l i f e  c yc l e s . 
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2 CURRENT  ST AT E OF CONCRET E T ECHNOLOGY 
The improvements that need to be implemented in the concrete technology to contribute to an ef-
fective decrease of the environmental impact of the construction industry will have to involve not 
only the analysis of its impact on nature, the use and consumption of different constituent raw-
materials, but mostly a change in the way the process itself is viewed by the different actors (from 
the owner to the contractor). Only then will it be possible to implement new construction tech-
niques as well as the use of new materials (and/or combinations of both) so that, through a de-
crease of the construction industry’s environmental impact, the industry can contribute to a sus-
tainable development. 
It  i s  ur ge nt  t o unde r s t a nd t he  c a us e s  of  t he  c ur r e nt  pr obl e ms  of  ha r de ne d c onc r e t e , t ha t  i s , t o 
di r e c t l y a s s oc i a t e  t he  oc c ur r e nc e  of  a noma l i e s  t o e i t he r  t he  c ons t r uc t i on pr oc e s s  or  t o t he  c on-
c e pt i on of  c onc r e t e  i n i t s e l f . Ba a l ba ki  ( 2006) , i n t he  technical report of the Cementos Minetti 
group ( Bue nos  Ai r e s  - Ar ge nt i na ) , pr e s e nt s  a  s e t  of  r e f l e c t i ons  on t he  r e a s ons  f or  a  l e s s  s a t i s f a c -
t or y f or m t ha t  c onc r e t e  oc c a s i ona l l y e vi de nc e s . 
2.1 Sometimes wrong idea of the concrete technology by the different actors 
T he  c ons t r uc t i on s e c t or  i s  ve r y c ompe t i t i ve  a nd t ha t , i n ma ny c a s e s , l e a ds  t o a wa r di ng pr oj e c t s  
e xc l us i ve l y on t he  ba s i s  of  e c onomi c a l  f a c t or s  wi t hout  a ny c onc e r n wi t h t he  t e c hni c a l  c a pa c i t y 
f or  t he  e xe c ut i on of  t he  a wa r de d wor k a nd, a s  a  c ons e que nc e , a l l owi ng t ha t  i t  be  done  wi t hout  
a ny qua l i t y gua r a nt e e . 
T he  me c ha ni c a l  r e s i s t a nc e  c a n not  be  t he  onl y f a c t or  t o be  c ons i de r e d i n t he  ve r i f i c a t i on of  
t he  c onc r e t e ’ s  f i na l  qua l i t y a nd i n t he  e va l ua t i on of  i t s  pe r f or ma nc e . In other words, it is true that 
the concrete technology is seen as something simple, which leads many actors to “abuse” the 
properties of concrete, either by ignorance or even by dishonesty. Baalbaki (2006) mentions that 
“…many people thing they are specialists because having 20 years of experience doing things 
right or wrong is still having 20 years of experience…”. 
2.2 Incorrect concrete specification 
Ac c or di ng t o wha t  wa s  j us t  me nt i one d, t he  me t hodol ogy t o s pe c i f y c onc r e t e  doe s  not  de pe nd 
e xc l us i ve l y on t he  i ndi c a t i on of  t he  me c ha ni c a l  r e s i s t a nc e  a t  28 da ys . Ac c or di ng t o t he  NP EN 
206-1:  2007 ( IPQ, 2007) , t o e ns ur e  a n e f f e c t i ve  pe r f or ma nc e  of  c onc r e t e ’ s  s t r uc t ur a l  f unc t i ons  
a nd dur a bi l i t y r e qui r e me nt s , i t  i s  ne c e s s a r y t o pr ovi de  a  s e t  of  e l e me nt s  be yond t he  c l a s s  of  
c ompr e s s i ve  s t r e ngt h, s uc h a s :  
• Class of  e nvi r onme nt a l  e xpos ur e  a nd c l a s s  of  c hl or i de  l e ve l s ;  
• M a xi mum-s i ze  of  a ggr e ga t e ;  
• Cl a s s  of  c ons i s t e nc y. 
2.3 Generalized lack of interest for the quality of concrete and inadequate control at the 
construction site 
T he  pr oc e s s  of  c a s t i ng c onc r e t e  i nt o t he  moul ds  r e pr e s e nt s  a n i mpor t a nt  f a c t or  f or  i t s  f i na l  qua l -
i t y. Fa i l ur e s  dur i ng t r a ns por t a t i on a nd c a s t i ng of  c onc r e t e , i na de qua t e  c ompa c t i ng ( by e xc e s s  or  
by omi s s i on) , i ne xi s t e nt  or  i na de qua t e  c ur i ng pr oc e s s  a r e  a l l  f a c t or s  t ha t , de s pi t e  c onc r e t e  be i ng 
c or r e c t l y s pe c i f i e d, ma y l e a d t o a  ma t e r i a l  wi t h a n i na de qua t e  be ha vi our , t he r e f or e  c ompr omi s -
i ng t he  f i na l  qua l i t y of  t he  s t r uc t ur e  t o whi c h i t  i s  de s t i ne d. 
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T he  e f f e c t  of  t he  c ons t r uc t i on i ndus t r y on t he  e nvi r onme nt  i s  s i gni f i c a nt  gi ve n t ha t  i t  ha s  a n e n-
vi r onme nt a l  i mpa c t  t ha t  c a n not  be  de s pi s e d whe n c ons i de r i ng a  s us t a i na bl e  a nd ba l a nc e d de -
ve l opme nt  of  t he  pl a ne t  wi t h e mpha s i s  on t he  gr e e nhous e  e f f e c t  a nd on t he  c ons umpt i on of  l i m-
i t e d na t ur a l  r e s our c e s . 
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Fr om t he  pr oc e s s  of  obt a i ni ng t he  di f f e r e nt  r a w ma t e r i a l s  unt i l  t he  e nd of  t he  s t r uc t ur e s  s e r -
vi c e  l i f e  ( whi c h c or r e s ponds  t o de mol i t i on) , a l l  i nt e r me di a t e  pha s e s  c ont r i but e  i n s ome  wa y t o 
t he  e f f e c t  me nt i one d a bove . By obs e r vi ng Fi gur e  1, i t  i s  pos s i bl e  t o i de nt i f y ma ny of  t he  f a c t or s  
t ha t  c ont r i but e  t o t he  e f f e c t  of  c ons t r uc t i on on t he  e nvi r onme nt  a nd c ons e que nt l y on a  s us t a i n-
a bl e  de ve l opme nt  c l os e r  t o i de a l . It  i s  not  pos s i bl e  t o i gnor e  t he  i mpor t a nt  c ont r i but i on of  c on-
c r e t e  t o t he  e f f e c t s  me nt i one d. Fr om t he  e xt r a c t i on pr oc e s s  of  i t s  s e ve r a l  c ompone nt s , t o i t s  
pr oduc t i on, t o t he  s t r uc t ur e ’ s  us e  a nd ma i nt e na nc e  a nd t o t he  r e c yc l i ng of  t he  wa s t e  r e s ul t i ng of  
de mol i t i ons , c onc r e t e  i s  pr e s e nt  a nd r e pr e s e nt s  a  s i gni f i c a nt  pe r c e nt a ge  of  t hos e  e f f e c t s . 
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Figur e  1 .  E ffe c t o f c o nstr uc tio n o n the  e nvir o nme nt - fr o m c o nstr uc tio n to  d e mo litio n ( a d a p te d  fr o m J a -
c o b s & H unk e le r ,  2 0 0 1 ,  Ca mp o no vo  e t a l. ,  2 0 0 6  a nd  Y o ung e t a l. ,  2 0 0 2 )  
 
De s pi t e  not  be i ng f a i r  t o i mput e  t he  e nvi r onme nt a l  i mpa c t  of  t he  us e  of  c onc r e t e  e xc l us i ve l y 
t o t he  us e  of  Por t l a nd c e me nt , i t  i s  ne ve r t he l e s s  one  of  t he  mos t  r e l e va nt  f a c t or s . M e hda  ( 2001)  
me nt i ons  t ha t  t he  a nnua l  pr oduc t i on of  NPC ( wor l dwi de )  c a us e s  a n a ppr oxi ma t e l y 7%  i nc r e a s e  
of  t he  t ot a l  CO 2  i n t he  a t mos phe r e . T hi s  a mount  i s  a t t r i but a bl e  not  onl y t o t he  f a br i c a t i on pr oc -
e s s / t r a ns f or m a t i on of  NPC but  a l s o t o t he  a c t i vi t i e s  of  e xt r a c t i ng r a w ma t e r i a l s  s uc h a s  l i me -
s t one  a nd c l a y. 
Fur t he r mor e , c onc r e t e  us e s  l a r ge  qua nt i t i e s  of  bot h c oa r s e  a nd f i ne  a ggr e ga t e  t ha t , i n c onve n-
t i ona l  c onc r e t e , ma y r e pr e s e nt  up t o 80%  of  t he  c onc r e t e ’ s  vol ume . T he  ne e d f or  s uc h qua nt i t i e s  
of  a ggr e ga t e  r e s ul t s  i n e xt r a c t i on pr oc e s s e s , t r e a t me nt  a nd t r a ns por t a t i on a t  l a r ge  s c a l e  whi c h 
ne c e s s a r i l y c ons ume  c ons i de r a bl e  a mount s  of  e ne r gy ( e s s e nt i a l l y f os s i l  f ue l s )  ( M e ht a , 2001) . 
T he  c ons e que nc e s  t ha t  t he  l a c k of  c onc r e t e ’ s  dur a bi l i t y ha s  on c onc r e t e ’ s  e nvi r onme nt a l  i m-
pa c t  s houl d a l s o be  me nt i one d, na me l y de c r e a s i ng t he  s t r uc t ur e s  l i f e  c yc l e  a nd c a us i ng s i gni f i -
c a nt  r e pa i r s , mos t  of  whi c h l ong be f or e  t he i r  due  da t e , c ons i de r i ng t ha t  t he  de s i gn, i n mos t  
s t r uc t ur a l  r e gul a t i ons , i mpl i e s , f or  or di na r y s i t ua t i ons , a  l i f e  s pa n of  50 ye a r s . It  i s  none t he l e s s  
f r e que nt  t o s e e  s t r uc t ur e s  wi t h s i gns  of  de t e r i or a t i on wi t h j us t  20 t o 30 ye a r s  of  us e . T he  i n-
c r e a s e  of  s t r uc t ur e s  l i f e  s pa n t o 100 or  e ve n 150 ye a r s  woul d br i ng be ne f i t s  not  onl y a s s oc i a t e d 
wi t h t he  de c r e a s e  of  c os t s  r e l a t e d t o t he  i nc r e a s e  of  t he  l i f e  c yc l e  ( “ r e pl a c i ng”  a  c e r t a i n s t r uc -
t ur e  i n c yc l e s  of  100 or  150 ye a r s  i ns t e a d of  50)  but  a l s o wi t h t he  r e duc t i on of  na t ur a l  r e s our c e s  
c ons umpt i on. If  one  a dds  t he  r e -us e  of  de mol i t i on wa s t e  i n t he  pr oduc t i on c yc l e , t ha t  i mpa c t  
c a n be  e ve n mor e  s i gni f i c a nt  ( M e ht a , 2001) . 
It  i s  ne ve r t he l e s s  r e c ogni s e d t ha t  t he  e vol ut i on a nd t he  i nve s t i ga t i on e f f or t  t ha t  oc c ur r e d dur -
i ng t he  l a s t  30 ye a r s , ha s  l e d t o s i gni f i c a nt  pr ogr e s s  bot h a t  t he  l e ve l  of  c onc r e t e ’ s  c ons t i t ue nt  
ma t e r i a l s  a nd of  t he  t e c hnol ogy i nvol ve d. One  ha s  move d f r om a  s i t ua t i on i n whi c h t he  t e c hni -
c a l  know-how wa s  ma i nl y ba s e d on e mpi r i c a l  knowl e dge  a s s oc i a t e d wi t h c yc l e s  of  “ e xpe r i -
me nt , e r r or , c or r e c t i on” , t o a not he r  i n whi c h t he  s t udy, s e l e c t i on a nd a ppl i c a t i on, bot h of  ma t e -
r i a l s  a nd t e c hnol ogi e s  a s s oc i a t e d wi t h c onc r e t e , c a n be  pr ope r l y c a l c ul a t e d a s  a  f unc t i on of  t he  
knowl e dge  a nd r e qui r e me nt s . 
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Nowa da ys , wi t h a n e mpha s i s  on s us t a i na bl e  de ve l opme nt  de ma nds , a  ne w a ppr oa c h r e ga r d-
i ng c onc r e t e ’ s  t e c hnol ogy i s  i mpos e d:  s e a r c h f or  pr oduc t i on a nd c ons t r uc t i on me t hods  wi t h 
l owe r  e ne r gy c ons umpt i on, i mpr ove me nt  of  t he  s t r uc t ur e s  dur a bi l i t y a nd a  hi ghe r  de gr e e  of  
c ons t r uc t i on wa s t e  r e c yc l i ng, na me l y wi t h i t s  r e -i nt r oduc t i on ( r e -us e )  i n t he  c ons t r uc t i on pr oc -
e s s , a mong ot he r s . In ot he r  wor ds , t he  wa y c onc r e t e  c a n c ont r i but e  t o a  mor e  s us t a i na bl e  c on-
s t r uc t i on i mpl i e s  e s s e nt i a l l y a c t i ng i n 3 a r e a s , whi c h a r e  ( M e ht a , 2001) :  
Minimising t he  us e  of  r a w ma t e r i a l s  ( me a ni ng na t ur a l  r e s our c e s )  by i nc r e a s i ng bot h t he  e f f i -
c i e nc y of  t he  di f f e r e nt  c ompone nt s  i n t he ms e l ve s  a nd t he  us e  of  r e c yc l e d ma t e r i a l s  a f t e r  be i ng 
i nc or por a t e d i n t he  f i na l  pr oduc t ;  
• M a xi mi s i ng t he  s t r uc t ur e s  dur a bi l i t y i nc r e a s i ng c ons i de r a bl y t he i r  us e f ul  l i f e  wi t h 
mi ni ma l  ne e ds  f or  ma i nt e na nc e ;  
• Re duc i ng ma i nt e na nc e  c os t s  not  onl y t hr ough a  di r e c t  i nc r e a s e  of  dur a bi l i t y but  a l s o by 
c ha ngi ng t he  wa y c ons t r uc t i on i s  r e ga r de d by t he  di f f e r e nt  a c t or s , t ha t  i s  t o s a y, a  s t r uc -
t ur e ’ s  s e r vi c e  l i f e  c a nnot  be  di f f e r e nt  i n f unc t i on of  t he  i ndi vi dua l  vi e w of  e a c h of  t he m, 
s i nc e  i t  i s  e f f e c t i ve l y ( a nd l e ga l l y)  t he  s a me  t o a l l :  t he  owne r , pr oj e c t  de s i gne r , c ont r a c -
t or  or  i ns pe c t or . None t he l e s s , r e ga r di ng c onc r e t e  t e c hnol ogy, t he  de c r e a s e  of  ma i nt e -
na nc e  c os t s  c a n be  di r e c t l y a s s oc i a t e d t o t he  i nc r e a s e  of  s t r uc t ur e s  dur a bi l i t y l e a vi ng t he  
r e ma i ni ng f a c t or s  t o ot he r  mor e  wi de  a ppr oa c he s  on t he  s ubj e c t . 
Fi gur e  2 pr e s e nt s  a  s i mpl e  f l owc ha r t  of  t he  a ppr oa c h me nt i one d be f or e . 
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Figur e  2 .  Co nc r e te  te c hno lo gy versus susta ina b le  d e ve lo p me nt 
 
Re ga r di ng “ c onc r e t e  t e c hnol ogy versus  s us t a i na bl e  de ve l opme nt ” , f r om t he  3 pos s i bi l i t i e s  
c ons i de r e d, one  c onc l ude s  t ha t , i n t e r ms  of  t he  ma i n i nt e r ve nt i on f i e l d f or  f ut ur e  de ve l opme nt , 
t he  us e  of  c onc r e t e  wi t h i mpr ove d pe r f or ma nc e  a nd t he  i nc or por a t i on of  r e c yc l e d ma t e r i a l s  i n 
t he  f a br i c a t i on of  c onc r e t e  a r e  t he  f i e l ds  t ha t  pos s e s s  t he  hi ghe s t  pot e nt i a l  i mpa c t  on de ve l op-
me nt  wi t h s i gni f i c a nt  e f f e c t s . 
Re l a t e d t o t hi s  l a s t  f i e l d of  i nt e r ve nt i on, i .e . t he  us e  of  r e c yc l e d ma t e r i a l s  i n t he  c ons t r uc t i on 
i ndus t r y, s ome  ve r y pr omi s i ng s t e ps  ha ve  a l r e a dy be e n gi ve n f or  e xa mpl e  a t  t he  l e ve l  of  R&D 
whe r e  i nt e r e s t i ng r e s ul t s  ha ve  be e n obt a i ne d, na me l y i n Por t uga l , whe r e  t he  c ur r e nt  s t a t e  of  
knowl e dge  c l e a r l y de mons t r a t e s  t he  i nt e r e s t  on t he  s ubj e c t . T he r e  i s  a  s e t  of  s pe c i f i c  nor ma t i ve  
r e f e r e nc e s  on t he  ma t t e r , na me l y t he  s pe c i f i c a t i on LNEC E 471 ( LNEC, 2006) , whi c h de mon-
s t r a t e s  i t s ’  i mpor t a nc e  a t  t he  l e ve l  of  t he  or ga ni s a t i ons  i nvol ve d wi t h t he  c ons t r uc t i on i ndus t r y. 
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Re ga r di ng t he  c onc e r n wi t h t he  e nvi r onme nt  a nd t he  na t ur a l  r e s our c e s  ma na ge me nt  a s  a  wa y 
t o a c hi e ve  a  s us t a i na bl e  de ve l opme nt , one  s houl d hi ghl i ght  t he  c r e a t i on of  t he  Eur ope a n Con-
s t r uc t i on T e c hnol ogy Pl a t f or m ( ECT P) , whos e  goa l  i s  t o c ont r i but e  t o t he  i mpr ove me nt  of  
c ompe t i t i ve ne s s  a nd s us t a i na bi l i t y of  t he  c ons t r uc t i on s e c t or  i n Eur ope . 
T hr ough t he  gui da nc e  of  ECT P, i t  i s  pos s i bl e  t o i de nt i f y t he  i mpor t a nc e  gi ve n t o t he  s e a r c h 
f or  t he  f a c t or s  t ha t  ma y c ont r i but e  t o a  mor e  s us t a i na bl e  de ve l opme nt , l ooki ng f or  t he  mobi l i za -
t i on of  t he  di f f e r e nt  a c t or s  i n t he  c ons t r uc t i on s e c t or , na me l y c ont r a c t or s , of f i c i a l  or ga ni za t i ons , 
a r c hi t e c t s  a nd e ngi ne e r s , a mong ot he r s . T he  i nt e r ve nt i on of  t he  ECT P f oc us e s  ma i nl y on t he  
pr omot i on a nd i nc e nt i ve  t o R&D i n t he  s e c t or , mos t l y di r e c t e d t o t he  f ol l owi ng f i e l ds :  
• T e c hnol ogy a nd ma t e r i a l s ;  
• Indus t r y a nd t r a ns f or ma t i on;  
• Se r vi c e s . 
In t he  doc ume nt  “ Cha l l e ngi ng a nd c ha ngi ng Eur ope ’ s  bui l t  e nvi r onme nt  - A vi s i on f or  a  s us -
t a i na bl e  a nd c ompe t i t i ve  c ons t r uc t i on s e c t or  by 2030”  f r om Fe br ua r y 2005( ECT P, 2005a ) , 
ECT P pr opos e s  a  s e t  of  goa l s  i n t e r ms  of  de ve l opme nt  f or  Eur ope , whi c h a i m, a s  a  f i na l  goa l , a t  
t he  i mpr ove me nt  of  t he  c i t i ze ns  qua l i t y of  l i f e . 
T he  de s i gn, c ons t r uc t i on a nd ma i nt e na nc e  of  bui l di ngs  a nd i nf r a -s t r uc t ur e s  a r e  s hown a s  e s -
s e nt i a l  e l e me nt s  t o t he  e c onomi c  de ve l opme nt , t he  s us t a i na bl e  gr owt h a nd t he  c i t i ze ns ’  qua l i t y 
of  l i f e . As  s uc h, ECT P c ons i de r s  e s s e nt i a l  t he  c ont r i but i on t ha t  t he  c ons t r uc t i on s e c t or  wi l l  
ha ve  t o a c hi e vi ng i t s  goa l s . ECT P ( 2005a )  a l s o c ons i de r s  t ha t  t he  wa y t o r e s pond t o t he  hi gh 
l e ve l s  of  e ne r gy c ons umpt i on - j us t  t he  c ons t r uc t i on s e c t or  i s  r e s pons i bl e  f or  40%  of  t he  na t ur a l  
r e s our c e s  c ons ume d i n Eur ope  - s houl d i nvol ve  t he  pos s i bi l i t y of  a  hi ghe r  us e  of  modul a r  c on-
s t r uc t i ons  t hr ough t he  i nt r oduc t i on of  pr e f a br i c a t e d e l e me nt s , t he  us e  of  c ons t r uc t i on ma t e r i a l s  
i nc or por a t i ng r e c yc l e d pr oduc t s , t he  us e  of  ne w ma t e r i a l s  a nd t he  i mpr ove me nt  of  t he  c ons t r uc -
t i on pr oc e s s e s  t he ms e l ve s . 
Nowa da ys  one  c a n e xpe c t  t o obt a i n a  r e duc t i on of  a ppr oxi ma t e l y 30%  of  t he  c os t  a s s oc i a t e d 
wi t h t he  l i f e  c yc l e  of  c ons t r uc t i ons  a nd a  r e duc t i on of  50%  of  t he  wor k a c c i de nt s , s ol e l y wi t h 
t he  c ha nge  a nd c ons e que nt l y i mpr ove me nt  of  t he  c ons t r uc t i on pr oc e s s e s . 
In t he  doc ume nt  “ M a t e r i a l s -vi s i on 2030 & St r a t e gi c  Re s e a r c h Age nda ”  ( ECT P, 2005) , i n t he  
c ha pt e r  “ Ne e d of  R&D” , whe r e  SCC i s  hi ghl i ght e d, i nc l ude d i n t he  gr oup of  “ Compos i t e  c e -
me nt -ba s e d ma t e r i a l s ” , ECT P me nt i ons  t ha t  “ he methodologies for the optimisation of the mix 
proportions, together with the economical viability and especially with the improvements of the 
working environment and the environmental impact are aspects to take into consideration in 
the forthcoming years ” . Re ga r di ng t he  us e  of  ne w c onc r e t e  ( na me l y SCC)  bi g pr ogr e s s  ha s  be e n 
ma de  whi c h ha s  c l e a r l y c ont r i but e d t o obt a i ni ng c onc r e t e  wi t h pe r f or ma nc e s  t ha t  we r e  unt hi nk-
a bl e  40 or  50 ye a r s  a go. 
T he  s ubj e c t  ( SCC)  i s  nowa da ys  of  gr e a t  i nt e r e s t  s i nc e  i t  e vi de nc e s  c l e a r  pos i t i ve  e f f e c t s  bot h 
i n t he  i mpr ove me nt  of  wor ki ng c ondi t i ons  a nd of  t he  e nvi r onme nt  s ur r oundi ng t he  c ons t r uc t i on 
s i t e , de s pi t e  t he  f a c t  t ha t  i t s  i ni t i a l  de ve l opme nt  wa s  l i nke d t o t he  s e a r c h f or  a n a ns we r  t o t he  
pr obl e ms  of  r e i nf or c e d c onc r e t e  s t r uc t ur e s . 
SCC wa s  a l s o i ni t i a l l y l i nke d t o t he  gr owi ng s c a r c e ne s s  of  s pe c i a l i s e d l a bour  f or c e  i n J a pa n 
whi c h, i n t he  be gi nni ng of  t he  1980s , mot i va t e d a  s e a r c h f or  t he  i mpr ove me nt  of  s t r uc t ur e s  du-
r a bi l i t y, i nde pe nde nt l y of  t he  qua l i t y of  t he  c ompa c t i ng pr oc e s s , t he r e f or e  i nt e ns i f yi ng t he  s t ud-
i e s  t o obt a i n c onc r e t e  t ha t  e xe mpt e d a ny c ompa c t i ng me t hod. T hi s  i s  t he  c onc r e t e  c ur r e nt l y 
known a s  s e l f -c ompa c t i ng ( SCC) . 
T he r e f or e , SCC c a n be  de f i ne d a s  a  c onc r e t e  whi c h, by i t s  own we i ght  a nd wi t h t he  ki ne t i c  
e ne r gy pr oduc e d by i t s  a ppl i c a t i on, i s  c a pa bl e  of  f l owi ng wi t hout  s e gr e ga t i ng, f ul f i l l i ng a l l  t he  
voi ds , i nde pe nde nt l y of  t he  pr e s e nc e  of  r e i nf or c e me nt  a nd t he  ge ome t r y of  t he  f or mwor k t ha t  
c ons t i t ut e  i mpor t a nt  obs t a c l e s . 
Some  c ons i de r  t hi s  t o be  t he  mos t  r e vol ut i ona r y de ve l opme nt  of  t he  l a s t  de c a de s  i n t he  c i vi l  
c ons t r uc t i on s e c t or , mos t l y due  t o t he  f a c t  t hi s  i t  i nvol ve s  a  ne w pr oduc t i on pr oc e s s  a nd a  ne w 
pr oc e s s  of  c a s t i ng t he  c onc r e t e  on t he  wor k s i t e , whi c h, ba s e d on t he  e l i mi na t i on of  vi br a t i on, 
a l l ows  i nc r e a s i ng t he  f i na l  pr oduc t ’ s  qua l i t y wi t h pos s i bl e  be ne f i t s  r e l a t e d t o t he  de c r e a s e  of  t he  
gl oba l  c a s t i ng c os t . 
Si nc e  s e ve r a l  of  t he  pr obl e ms  wi t h ha r de ne d c onve nt i ona l  vi br a t e d c onc r e t e  i n s t r uc t ur e s  a r e  
r e l a t e d t o t he  wor k f or c e  i nt e r f e r e nc e  a t  t he  mome nt  of  c a s t i ng, a  c onc r e t e  t ha t  e xe mpt s  wor k 
f or c e  i nt e r ve nt i on a t  t ha t  s t a ge  pr ovi de s  a  r e a l  c ont r i but e  t o t he  r e duc t i on of  t hos e  pr obl e ms . 
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4 SCC’ S ENV IRONM ENT AL IM PACT  
T he  us e  of  SCC a dds  va l ue  i n va r i ous  wa ys , na me l y be c a us e  of  t he  de c r e a s e  of  t he  t i me  a s s oc i -
a t e d wi t h t he  c a s t i ng t a s k due  t o t he  de c r e a s e  of  t he  a mount  of  wor k ne e de d a nd of  t he  ne e d f or  
c ompa c t i ng de vi c e s , a s  we l l  a s  due  t o ne w c ons t r uc t i on s ys t e ms . One  s houl d a l s o me nt i on t he  
a dde d e a s e  wi t h whi c h c onc r e t e  i s  c a s t  i n de ns e l y r e i nf or c e d s t r uc t ur e s  a nd a r e a s  of  di f f i c ul t  
a c c e s s , t he  noi s e  r e duc t i on on t he  wor k s i t e  a nd, c ons e que nt l y, on t he  s ur r oundi ng e nvi r onme nt , 
a s  we l l  a s  t he  de c r e a s e  of  i nj ur i e s  a s s oc i a t e d wi t h t he  c ompa c t i ng pr oc e s s  by vi br a t i on a nd t he  
s i gni f i c a nt  i mpr ove me nt  of  t he  f i na l  qua l i t y of  t he  c onc r e t e  f i ni s hi ng s ur f a c e s . 
T he  us e  of  SCC c a n a l s o gi ve  a n i mpor t a nt  c ont r i but e  t o a c hi e ve  a  mor e  s us t a i na bl e  de ve l -
opme nt , na me l y t hr ough t he  i nc or por a t i on of  s i gni f i c a nt  qua nt i t i e s  of  s ub-pr oduc t s  f r om ot he r  
i ndus t r i e s  ( s uc h a s  mi ne r a l  a ddi t i ons ) , t he  pos s i bi l i t y of  i nc or por a t i ng r e c yc l e d ma t e r i a l s  i n i t s  
c ompos i t i on i n s ubs t i t ut i on of  na t ur a l  a ggr e ga t e  a nd t he  pot e nt i a l  i nc r e a s e  of  t he  s t r uc t ur e s  du-
r a bi l i t y t ha t  wi l l  l e a d t o l onge r  l i f e  c yc l e s  wi t h a  c ons e que nt  de c r e a s e  of  t he  s t r uc t ur e s  gl oba l  
c os t s  a nd of  t he  ma t e r i a l  a s s oc i a t e d wi t h de mol i t i ons . 
Re ga r di ng i t s  c ompos i t i on a nd whe n c ompa r e d wi t h c onve nt i ona l  c onc r e t e  ( CC) , SCC c on-
t a i ns  hi ghe r  qua nt i t i e s  of  ul t r a  f i ne  ma t e r i a l s  ( c e me nt  a nd mi ne r a l  a ddi t i ve s )  a s  we l l  a s  of  s u-
pe r pl a s t i c i ze r  a nd s ome t i me s  of  vi s c os i t y modi f yi ng a ge nt s . On t he  ot he r  ha nd, SCC c ont a i ns  
s i gni f i c a nt l y l owe r  qua nt i t i e s  of  c oa r s e  a ggr e ga t e . 
T he  us e  of  s upe r pl a s t i c i ze r s  i s  ne e de d a s  a  wa y t o i nc r e a s e  f l ui di t y whi l e  t he  ul t r a  f i ne  ma t e -
r i a l , a s  we l l  a s  t he  vi s c os i t y moul de r s , c ont r i but e  t o ma i nt a i ni ng t he  vi s c os i t y ne e de d f or  a  c or -
r e c t  s e l f  c ompa c t i ng wi t hout  t he  oc c ur r e nc e  of  s e gr e ga t i on, bl e e di ng or  pa r t i c l e s  f l oc c ul a t i on. 
On t he  ot he r  ha nd, t he  l owe r  qua nt i t i e s  of  c oa r s e  a ggr e ga t e  c ont r i but e  t o r e duc i ng t he  bl oc ki ng 
phe nome na  a l l owi ng SCC t o f ul f i l  t he  moul ds  a nd t o move  t hr ough de ns e l y r e i nf or c e d zone s . 
Due  t o t he  di f f e r e nc e s  i n c ompos i t i on ( a nd ma t e r i a l  c ons umpt i on) , SCC e me r ge s  a s  a  ma t e -
r i a l  wi t h pr ope r t i e s , i n bot h f r e s h a nd ha r de ne d s t a t e s , ve r y di s t i nc t  f r om t hos e  of  CC, na me l y a t  
t he  l e ve l  of  ma t e r i a l s  c ons umpt i on a nd dur a bi l i t y. 
T he r e  i s  s t i l l  l i t t l e  pr e c i s e  i nf or ma t i on on t he  e f f e c t / c ont r i but i on of  c onc r e t e  t o t he  e nvi r on-
me nt a l  i mpa c t  of  t he  c ons t r uc t i on i ndus t r y a nd t he  e xi s t i ng i nf or ma t i on i s  ve r y di s pe r s e d i n 
l oos e  publ i c a t i ons  di f f i c ul t  t o l i nk. 
J a c obs  & Hunke l l e r  ( 2001)  pr e s e nt  a n i nt e r e s t i ng c ompa r i s on be t we e n one  r e f e r e nc e  CC a nd 
3 SCC ( wi t h di s t i nc t  c ompos i t i ons )  ba s e d on s e ve r a l  pos s i bl e  e nvi r onme nt a l  i mpa c t s  ( gr e e n-
hous e  e f f e c t , a c i d r a i n, e ut r ophi s a t i on, oxi da nt  ge ne r a t i on a nd r e ne wa bl e  e ne r gi e s )  a nd c ons i d-
e r i ng a l l  pha s e s  of  t he  pr oc e s s  f r om c ompone nt  e xt r a c t i on, t o c onc r e t e  pr oduc t i on a nd t o i t s  de -
l i ve r y i n t he  wor ki ng s i t e . Ne ve r t he l e s s , t he  pha s e s  of  c a s t i ng, c ompa c t i ng a nd t he  pos s i bi l i t y of  
r e c yc l i ng we r e  not  c ons i de r e d i n t he  s t udy ma i nl y due  t o t he  l a c k of  s uf f i c i e nt  da t a  a nd be c a us e  
i t  wa s  c ons i de r e d t ha t  t he s e  s t a ge s  woul d ha ve  a  l owe r  e nvi r onme nt a l  i mpa c t  whe n c ompa r e d 
wi t h t he  r e ma i ni ng pha s e s . St i l l  r e ga r di ng t he  c a s t i ng, c ompa c t i ng a nd r e c yc l i ng pos s i bi l i t y a f -
t e r  de mol i t i on i n t e r ms  of  t he i r  e nvi r onme nt a l  i mpa c t , t he  a ut hor s  c ons i de r  t ha t  t he  di f f e r e nc e s  
woul d be  mi ni ma l  be t we e n SCC a nd CC. Some  e l e me nt s  of  t he  c ompos i t i on of  t he  CC a nd t he  
3 SCC t ha t  s e r ve d a s  t he  ba s i s  t o t he  r e f e r r e d s t udy a s  we l l  a s  t he  e va l ua t e d pr ope r t i e s  a t  28 
da ys  a r e  pr e s e nt e d i n T a bl e  1. 
 
T a b le  1  - Co mp o sitio n a nd  p r o p e r tie s o f the  c o nsid e r e d  SCC ( a d a p te d  fr o m J a c o b s & H unke le r ,  2 0 0 1 )  
CO M P O SI T I O N   CC r e f e r e nc e  SCC 1  SCC 2  SCC 
Ce me nt CE M  I I /A - L  
[ kg/m 3 ]  
 4 5 0  4 3 0   
Ce me nt CE M  I  3 0 0    3 5 0  
B la st fur na c e  sla g     1 1 0  
Silic a  d ust    2 0   
Sup e r p la stic iz e r   7 , 2  7 , 2  1 4 , 7  
( wa te r )  / ( ultr a  fine  ma t e r ia l)   0 , 6 2  0 , 4 7  0 , 4 1  0 , 3 7  
2 8  D AY S P RO P E RT I E S  
Co mp r e ssive  str e ngth  [ n/mm 2 ]  4 0 , 1  6 1  5 9 , 3  5 6 , 9  
Chlo r id e  d iffusio n c o e ff i c ie nt  [ 1 0 - 1 2  m 2 /s]  1 9 , 7  1 6 , 3  8 , 9  7 , 5  
Ca p illa r y suc tio n  [ g/m 2 h]  6 , 6  4 , 9  4 , 7  6  
G a s p e r me a b ility  [ 1 0 - 1 6  m 2 ]  0 , 4 9  0 , 4 4    
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Ba s e d on t he  va l ue s  i l l us t r a t e d i n T a bl e  1, Fi gur e  3 pr e s e nt s  t he  c or r e l a t i on be t we e n t he  
pr ope r t i e s  of  t he  SCC a nd t he  CC i ndi vi dua l l y a na l ys e d a nd wi t h t he  hi ghe r  r e s ul t s  c or r e s pond-
i ng t o t he  be s t  r e s ul t s . It  i s  pos s i bl e  t o obs e r ve  t he  di f f e r e nc e s  i n t e r ms  of  dur a bi l i t y be t we e n t he  
SCC a nd t he  CC. Re ga r di ng t he  me c ha ni c a l  r e s i s t a nc e , s i gni f i c a nt  c ha nge s  c a n be  obs e r ve d 
ma i nl y due  t o t he  di f f e r e nc e  i n t he  wa t e r  t o c e me nt  r a t i os . Conc e r ni ng t he  va l ue s  of  t he  c hl or i de  
di f f us i on c oe f f i c i e nt s , t he  us e  of  ul t r a  f i ne  ma t e r i a l , e s s e nt i a l l y of  mi ne r a l  a ddi t i ons , c ont r i but e s  
he a vi l y t o t he  r e s ul t s  i mpr ove me nt . 
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Figur e  3 .  Co r r e la tio n b e twe e n the  p r o p e r tie s o f SCC a nd  CC ( a d a p te d  fr o m J a c o b s & H unke le r ,  2 0 0 1 )  
 
T he  i mpa c t  of  t he  SCC i n e a c h c a t e gor y a na l ys e d a nd i n r e l a t i on t o t he  CC i s  s hown i n Fi g-
ur e  4, t he  hi ghe r  va l ue s  be i ng t hos e  wi t h a  pot e nt i a l l y gr e a t e r  ne ga t i ve  e f f e c t . In t hi s  c a s e , t he  
s ubs t a nt i a l l y hi ghe r  qua nt i t i e s  of  c e me nt  ( de s pi t e  t he  us e  of  mi ne r a l  a ddi t i ons )  a nd of  c he mi -
c a l s , na me l y s upe r pl a s t i c i ze r , a r e  c l e a r l y t he  mos t  unf a vour a bl e  f a c t or s  whi c h r e f l e c t s  i n t he  r e -
s ul t s  s hown. None t he l e s s , i t  s houl d be  me nt i one d t ha t  t he  opt i mi za t i on of  t he  mi x qua nt i t i e s  c a n 
c ont r i but e  s i gni f i c a nt l y t o t he  i mpr ove me nt  of  t he  r e s ul t s  s hown. In t he  s t udy c a s e  pr e s e nt e d, 
de s pi t e  be i ng onl y a  r e l a t i ve l y s i mpl e  a na l ys i s , one  c a n s e e  a  pos i t i ve  i nf l ue nc e  of  t he  us e  of  
s ub-pr oduc t s  f r om i ndus t r i e s  s uc h a s  t he  bl a s t  f ur na c e  s l a g a nd t he  s i l i c a  dus t . 
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Figur e  4 .  SCC imp a c t o n se ve r a l c a te go r ie s in r e la tio n to  CC ( a d a p te d  fr o m J a c o b s & H unke le r ,  2 0 0 1 )  
 
T he  a na l ys i s  i nt e gr a t e d i n Fi gur e s  3 a nd 4 a l l ows  a  mor e  pr e c i s e  e va l ua t i on of  t he  “ e c ol ogi -
c a l  pe r f or ma nc e ”  of  SCC i n whi c h, r e l a t i ve l y t o SCC 1 a nd 2, t he  di f f e r e nc e s  t o CC s hown i n 
t he  va l ue s  of  t he  me c ha ni c a l  r e s i s t a nc e , c hl or i de  di f f us i on a nd wa t e r  a bs or pt i on, whe n c om-
pa r e d t o t he  i mpa c t  on di f f e r e nt  c a t e gor i e s  a l l ows  t he  s t a t e me nt  t ha t  t he y pr e s e nt  a  r e a s ona bl e  
“ e c ol ogi c a l  pr of i l e ”  ( c or r e l a t i on be t we e n a dva nt a ge s / di s a dva nt a ge s  of  di f f e r e nt  pa r a me t e r s  i n 
t e r ms  of  e c ol ogi c a l  pe r f or ma nc e ) . 
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In t he  c a s e  of  SCC 3, i f  t he  c ompa r i s on me nt i one d i s  ba s e d on t he  a na l ys i s  of  t he  me c ha ni c a l  
r e s i s t a nc e  va l ue s  a nd t he  c hl or i de  di f f us i on c oe f f i c i e nt , i t  ha s  a  mor e  f a vour a bl e  “ e c ol ogi c a l  
pr of i l e ”  t ha n SCC 1 a nd 2. If  t he  a na l ys i s  i s  ma de  i n t e r ms  of  c a pi l l a r y s uc t i on, SCC 1 ha s  a  
wor s t  be ha vi our  e ve n t hough wi t h ve r y a c c e pt a bl e  l e ve l s  a nd l owe r  t ha n t hos e  of  CC. 
Re ga r di ng t he  i mpa c t  of  SCC on gl oba l  c ons t r uc t i on c os t s , i t  i s  pos s i bl e  t o obt a i n a  r e duc t i on 
of  be t we e n 2 t o 5% , whe n c ompa r e d t o a  CC wi t h a n e qui va l e nt  pe r f or ma nc e . Ne ve r t he l e s s , t he  
di r e c t  pr oduc t i on c os t s  a r e  hi ghe r  i n 20 or  e ve n 25%  whe n c ompa r e d t o t he  CC me nt i one d 
( Si l va  e t  a l ., 2008) . 
T he  c onc l us i on i s  t ha t  t he  ma i n c ont r i but i on t o t he  r e duc t i on of  gl oba l  c ons t r uc t i on c os t s  due  
t o t he  us e  of  SCC i n s ubs t i t ut i on of  CC i s  r e l a t e d t o t he  i mpr ove me nt  of  t he  f i na l  pr oduc t ’ s  
qua l i t y obt a i ne d whe n i t  i s  ne c e s s a r y t o c a s t  i n de ns e l y r e i nf or c e d a r e a s  or  i n moul ds  wi t h l e s s  
c onve nt i ona l  f or ms . T he  pot e nt i a l  dur a bi l i t y i mpr ove me nt  e qua l l y c ons t i t ut e s  a n i mpor t a nt  c on-
t r i but i on t o t he  r e duc t i on of  gl oba l  c ons t r uc t i on c os t s . One  c a n a l s o me nt i on t he  i nc r e a s e  i n 
pr oduc t i vi t y, t he  de c r e a s e  of  t he  numbe r  of  wor ke r s  a s s oc i a t e d wi t h t he  c a s t i ng t a s k a nd t he  
ge ne r a l  i mpr ove me nt  of  wor ki ng c ondi t i ons  a s  we l l  a s  of  t he  e nvi r onme nt  i n t he  a r e a  s ur r ound-
i ng t he  c ons t r uc t i on s i t e . 
5 CONCLUSIONS 
T o qua nt i f y t he  t e c hni c a l  a nd e c onomi c a l  c ha r a c t e r i s t i c s  of  a  c ons t r uc t i on i s  r e l a t i ve l y s i mpl e . 
Howe ve r , t he  s a me  e va l ua t i on f r om a n e c ol ogi c  vi e w poi nt  i s  c l e a r l y mor e  di f f i c ul t  t o pe r f or m. 
T he  c e me nt  i ndus t r y i s  nowa da ys  i de nt i f i e d a s  one  of  t he  l a r ge r  c ont r i but or s  t o t he  i nc r e a s e  
of  ga s  e mi s s i ons  t ha t  l e a d t o t he  gr e e nhous e  e f f e c t . W hi l e  t ha t  i ndus t r y c a n a nd s houl d a c t  t o 
di mi ni s h t hos e  e f f e c t s , t he  a c t or s  s houl d a l s o c ont r i but e  t hr ough a  c or r e c t  s pe c i f i c a t i on of  t he  
ma t e r i a l s  t o be  us e d i nc l udi ng t he  i nc r e me nt  of  t he  us e  of  s ub-pr oduc t s , e i t he r  t he  di f f e r e nt  
mi ne r a l  a ddi t i ve s  a l r e a dy a va i l a bl e  i n t he  ma r ke t  wi t h pr ove n r e s ul t s  or  t he  r e c yc l e d ma t e r i a l s  
i n s ubs t i t ut i on of  c onve nt i ona l  one s . 
T he  i mpr ove me nt  of  c onc r e t e ’ s  dur a bi l i t y i s  c l e a r l y one  of  t he  pa t hs  t o f ol l ow t o a t t a i n a  s us -
t a i na bl e  de ve l opme nt  a nd SCC c a n, i n t ha t  wa y, gi ve  a  s i gni f i c a nt  c ont r i but i on gi ve n i t s  pot e n-
t i a l  t o i mpr ove me nt  t ha t  dur a bi l i t y, a s  we l l  a s  t he  qua l i t y of  t he  f i na l  pr oduc t  whi l e  i nc or por a -
t i on s i gni f i c a nt  qua nt i t i e s  of  c ons t r uc t i on’ s  s ub-pr oduc t s  a nd t he  us e  of  r e c yc l e d ma t e r i a l s . 
 T he  opi ni on of  Aï t c i n ( 2000)  on t he  c or r e l a t i on be t we e n t he  c ons t r uc t i on i ndus t r y a nd t he  
s e a r c h f or  a  s us t a i na bl e  de ve l opme nt  mus t  be  me nt i one d:  The binders of tomorrow will contain 
less and less clinker composed by natural materials, therefore containing lower quantities of 
C3S (tricalcium silicates), will be produced using more and more alternative energies and will 
have to answer to ever higher demands, showing more consistent characteristics given that the 
clinker quantity will in the mix be less and less. The binders of tomorrow will be compatible 
with mixes of more complex structure and its use will result in concrete ever more durable in-
stead of simply more resistant concretes. The binders of tomorrow will have lower and lower 
W/C ratios, will be more durable and will have distinct characteristics one from the other de-
pending on their application. The time for concrete to be considered a standard product as to 
end and time will come for concrete a la carte. Owners, contractors and designers have to un-
derstand that what matters is not the cost of 1 m3 of concrete but the cost of 1MPa or of 1 year 
of the structure’s life cycle ( a da pt e d f r om Aï t c i n, 2000) ) . 
In s umma r y, t he  wor l d ha s  c l e a r l y t o move  f or wa r d i n or de r  t o a t t a i n a  s us t a i na bl e  de ve l op-
me nt . Due  t o t he  c ons t r uc t i on us i ng ma t e r i a l s  a nd e ne r gy f r om e ve r  s c a r c e r  r e s our c e s , t he  c on-
s t r uc t i on i ndus t r y ( i nc l udi ng a l l  i t s  a c t or s , wi t hout  e xc e pt i on)  ha ve  a n a dde d s oc i a l  r e s pons i bi l -
i t y a nd a n e s s e nt i a l  r ol e  i n t he  i mpl e me nt a t i on of  t ha t  s us t a i na bl e  de ve l opme nt , wi t h t he  us e  of  
SCC be i ng a bl e  t o c ont r i but e  s i gni f i c a nt l y t o t ha t  goa l . 
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M o n ito r in g  an d  ev alu atio n
 
 
1 INT RODUCT ION 
Bui l di ng ma t e r i a l s  r e pr e s e nt  a n i mpor t a nt  r e s e a r c h f i e l d i n t he  c ont e xt  t he  s us t a i na bi l i t y of  c on-
s t r uc t i on wor ks . Nowa da ys  i s  i mpor t a nt  t o know t he  e nvi r onme nt a l  be ha vi our  of  bui l di ng ma t e -
r i a l s  t ha t  pl a ys  a n i mpor t a nt  r ol e  on t he  e nvi r onme nt a l  r e s pons i bl e  a r c hi t e c t ur e  a nd de s i gn of  a  
bui l di ng. 
T he  Gr e e n Pa pe r  on Int e gr a t e d Pr oduc t  Pol i c y ( 2001)  pr opos e s  t he  us e  of  me t hodol ogi e s  f or  
a s s e s s i ng t he  e nvi r onme nt a l  be ha vi our  of  pr oduc t s  t ha t  t a ke  i nt o a c c ount  t he i r  l i f e  c yc l e  ( f r om 
t he  mi ni ng of  t he  r a w ma t e r i a l s , pr oduc t i on, di s t r i but i on ut i l i s a t i on a nd t he  ma na ge me nt  of  
wa s t e ) . 
Al s o t he  CEN T C 350 i s  wor ki ng i n t he  de ve l opme nt  of  t he  me t hodol ogy f or  c a l c ul a t i on of  
t he  s us t a i na bi l i t y of  t he  bui l di ngs , ba s e d, i n t he  e nvi r onme nt a l  pe r f or ma nc e  of  t he  bui l di ngs , 
a nd i n t he  EPD. 
T he  c e r a mi c  i ndus t r y i s  a  t r a di t i ona l  s e c t or  wi t h a  s i gni f i c a nt  c ont r i but i on t o t he  na t i ona l  
e c onomy, a nd a  t ypol ogy of  pr oduc t s  a da pt e d t o mor e  di ve r s e  ha bi t a t  r e qui r e me nt s . 
Gi ve n i t s  ge ol ogi c a l  c ha r a c t e r i s t i c s  of  Por t uga l , a  s oi l  r i c h i n qua nt i t y a nd qua l i t y of  r a w ma -
t e r i a l s , a s  c l a ys  a nd f l uxe s , t he  i ndus t r i a l  c e r a mi c  a c t i vi t y wa s  de ve l ope d wi t h ma ny va l e nc e s  
a nd di ve r s e  pr oduc t s , c ove r i ng a nd f l oor i ng t i l e s , gi vi ng a c ous t i c  a nd t he r ma l  c omf or t  i ns i de  t he  
hous e . Re c e nt  de ve l opme nt s  t r a ns f or me d ol d pr oduc t s  i n mul t i f unc t i ona l  pr oduc t s  t ha t  c a n i n-
c or por a t e  ot he r  r e s our c e s  a s  or ga ni c  wa s t e s  or  i nc or por a t e  na noma t e r i a l s  s o c a l l e d " a dva nc e d 
ma t e r i a l s " . 
Br i c k i s  t he  ba s i c  c e r a mi c  pr oduc t  mos t  us e d i n t he  Por t ugue s e  ma s onr y c ons t r uc t i on of  
bui l di ngs . 
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ABST RACT :  T he  c e r a mi c  i ndus t r y i s  a  t r a di t i ona l  s e c t or  i n Por t uga l , wi t h a  t ypol ogy of  pr o d-
uc t s  a da pt e d t o t he  di ve r s e  ha bi t a t  r e qui r e me nt s . Br i c k i s  one  of  t he  mos t  wi de l y us e d ma t e r i a l s  
i n c ons t r uc t i on. T he  c e r a mi c  i ndus t r y, l i ke  ot he r  s e c t or s , ge ne r a t e s  i mpa c t s  ove r  i t s  l i f e  c yc l e  
( f r om t he  e xt r a c t i on of  r e s our c e s  unt i l  t he  f i na l  di s pos a l  of  wa s t e  c e r a mi c s , i e  f r om " c r a dl e  t o 
gr a ve " ) , s uc h a s  c ons umpt i on of  r e s our c e s , wa t e r  a nd e ne r gy, a i r  e mi s s i ons , e mi s s i ons  t o wa t e r , 
wa s t e , noi s e , e t c .. T hi s  Li f e  Cyc l e  As s e s s me nt  ( LCA)  e xa mi ne s  t he  s t a ge s  of  t he  br i c k f r om 
c r a dl e  t o t he  c us t ome r 's  ga t e , i nc l udi ng t he  pr oc e s s  of  mi ni ng a nd mi ni ng f a c i l i t i e s , t r a ns por t , 
pr oduc t i on i n f a c t or y a nd i t s  l a t e r  di s t r i but i on t o e nd us e r s  ( ba s e  on s c e na r i os ) . T he  me t hodol o-
gy t a ke s  i nt o a c c ount  t he  ISO14040, ISO 21930 a nd t he  EPD ( e nvi r onme nt a l  pr oduc t  de c l a r a -
t i on)  r ul e s . In ge ne r a l , t he  i mpa c t s  a r e  mos t l y f oc us e d on a i r  qua l i t y, pa r t i c ul a r l y a t  t he  pr oduc -
t i on l e ve l  i n t he  f i r i ng ope r a t i on.  
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T he  l i f e  c yc l e  of  c e r a mi c  c ons t r uc t i on pr oduc t s  i s  l ong, due  t o t he  hi gh dur a bi l i t y of  t he  
pr oduc t s , a nd s ui t a bl e  f or  r e c yc l i ng. 
T he  Li f e  Cyc l e  As s e s s me nt  ( LCA)  c ons i s t s  i n t he  s ys t e ma t i c  a na l ys i s  of  t he  e nvi r onme nt a l  
i mpa c t s  of  pr oduc t s  ( a ny c ha nge  i n t he  e nvi r onme nt , bot h a dve r s e  a nd be ne f i c , ove r a l l  or  i n pa r t  
r e s ul t i ng f r om t he  pr oduc t )  a t  a l l  s t a ge s  of  t he i r  l i f e  c yc l e , f r om e xt r a c t i on or  s ynt he s i s  of  na t u-
r a l  r e s our c e s , t hr ough pr oduc t i on, t r a ns por t a t i on, us e  a nd di s pos a l  of  pr oduc t s  ( i e  " c r a dl e  t o 
gr a ve " ) . 
In t hi s  pa pe r  t he  LCA me t hodol ogy i s  a ppl i e d t o e xa mi ne  t he  e nvi r onme nt a l  i mpa c t s  a s s oc i -
a t e d t o t he  br i c k pr oduc t i on c ha i n f r om c r a dl e  t o t he  c us t ome r 's  ga t e , i nc l udi ng t he  pr oc e s s  of  
mi ni ng a nd t he  mi ni ng f a c i l i t i e s , t r a ns por t , br i c k pr oduc t i on i n f a c t or y a nd i t s  l a t e r  di s t r i but i on 
t o e nd us e r s  ( ba s e  on s c e na r i os )  i e  “ c r a dl e  t o ga t e ” . T he  me t hodol ogy t a ke s  i nt o a c c ount  t he  
ISO14040, ISO 21930 a nd t he  EPD ( e nvi r onme nt a l  pr oduc t  de c l a r a t i on)  r ul e s  a nd s ome  da t a -
ba s e s  l i ke  “ Ec oi nve nt ”  [ 6] , a nd t he  “ Si ma Pr o”  s of t wa r e  ( Pr e c ons ul t a nt s , 2009) . 
T he  br i c k s e l e c t e d i s  pr oduc e d i n Ce nt r a l  r e gi on of  Por t uga l . 
T he  c e r a mi c  i ndus t r y, l i ke  ma ny ot he r  s e c t or s , ge ne r a t e s  ove r  i t s  l i f e  c yc l e , a  s e r i e s  of  e nvi -
r onme nt a l  i mpa c t s  ( Al me i da  e t  a l , 2004, 2009, Bove a  e t  a l , 2007;  T i me l l i ni  e t  a l , 1998, BREF, 
2008) . 
T he  i mpa c t s  i n t he  pr oduc t i on pha s e  a r e  r e l a t e d t o:  
• Emi s s i ons  t o a i r  r e s ul t a nt  f r om t he  t he r ma l  pr oc e s s e s  ( dr yi ng a nd f i r i ng)  a nd c ol t  e mi s -
s i on;  
• Cons umpt i on of  na t ur a l  r e s our c e s  a nd ot he r s , e ne r gy a nd wa t e r ;  
• Emi s s i ons  of  i ndus t r i a l  a nd dome s t i c  e f f l ue nt s ;  
• Pr oduc t i on of  wa s t e ;  
• Noi s e .  
 
At  t he  s a me  t i me , t he  goa l  i s  t o us e  t hi s  LCA s t udy ( c r a dl e  t o ga t e ) , a s  t he  ba s i s  t o obt a i n t he  
Envi r onme nt a l  Pr oduc t  De c l a r a t i on ( EPD)  ( ISO 14025)  f or  t hi s  br i c k. 
T he  EPDs  a r e  i nt e nde d t o pr ovi de  i nf or ma t i on f or  pl a nni ng a nd a s s e s s i ng t he  s us t a i na bi l i t y of -
bui l di ngs . T he  de c l a r a t i ons  c a n a l s o be  us e d by t he  us e r / pur c ha s e r  t o c ompa r e  t he  e nvi r on-
me nt a l  i mpa c t s  of  pr oduc t s  unde r  c e r t a i n c ondi t i ons . 
2 CERAM IC BRICK  PRODUCT ION 
T he  ma nuf a c t ur e  of  br i c ks  pr oc e s s  goe s  t hr ough s e ve r a l  s t a ge s :  T he  f i r s t  one  i s  t he  mi n-
i ng/ qua r r yi ng of  r a w ma t e r i a l s , f ol l owe d by t he  s t or a ge  of  r a w ma t e r i a l s , r a w ma t e r i a l s  pr e pa r a -
t i on, s ha pi ng, dr yi ng, f i r i ng, pa c ki ng a nd s ubs e que nt  t r e a t me nt . 
Dr y pr e pa r a t i on a nd s e mi -we t  pr e pa r a t i on a r e  us e d i n t he  ma nuf a c t ur e  of  br i c ks . T he  c om-
bi ne d pr oc e s s e s  of  mi xi ng a nd kne a di ng br i ng a bout  a  homoge ni s a t i on of  t he  ma s s  t o obt a i n a  
good pl a s t i c i t y. T he  pr e pa r e d mi xe d c l a y a r e  s t or e d i n l a r ge  vol ume  f a c i l i t i e s , a ge i ng a nd s our -
i ng f or  f ur t he r  homoge ni s a t i on. W a t e r  ma y be  a dde d i n t hi s  s t a ge . 
T he n t he  mi xe d c l a y i s  s ubmi t t e d t o a  s ha pi ng pr oc e s s  s uc h a s , e xt r us i on, a nd s of t -mud 
moul di ng, de pe ndi ng on t he  ki nd of  c l a y, t he  wa t e r  c ont e nt  a nd t he  de s i r e d pr oduc t . 
Af t e r  t hi s  s t a ge , t he  gr e e n br i c k goe s  t o t he  dr yi ng pr oc e s s . T hi s  ope r a t i on oc c ur s  i n t unne l  a nd 
f a s t  dr ye r s , dur i ng 8 up t o 72 hour s  a t  a  t e mpe r a t ur e  of  75 up t o 90 º C. 
One  of  t he  mos t  i mpor t a nt  ope r a t i ons  of  t he  br i c k ma ki ng pr oc e s s  i s  t he  f i r i ng. T hi s  ope r a -
t i on i s  done  i n t unne l  ki l ns  ma i nl y i n a n oxi di s i ng a t mos phe r e . T he  wa r e  t o be  f i r e d pa s s e s  
t hr ough t he  ki l n on a  s e r i e s  of  ki l n c a r s . Dr i e d br i c ks  a r e  pl a c e d di r e c t l y on t he  t unne l  ki l n c a r . 
T he  wa r e  t o be  f i r e d i s  he a t e d up t o a  ma t ur i ng t e mpe r a t ur e  of  be t we e n 800 a nd 900 º C. Fol -
l owi ng t he  ne c e s s a r y body f or ma t i on t i me  of  be t we e n t wo a nd f i ve  hour s  a t  ma t ur i ng t e mpe r a -
t ur e , t he  wa r e  i s  c ool e d down a c c or di ng t o a  pl a n t o 50 º C. T he  f i r i ng t i me  of  br i c k i s  17 t o 25 
hour s . 
In t he  f i na l  s t a ge  t he  br i c ks  a r e  s or t e d dur i ng t he  unl oa di ng of  t he  ki l n or  t he  t unne l  ki l n c a r  
a ut oma t i c a l l y or  ma nua l l y, pa c ke d a nd pa l l e t i s e d f or  t r a ns por t a t i on t o a  s hi ppi ng uni t . 
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3 LCA M ET HODOLOGY AND RESULT S 
3.1 Goal and scope definition 
T he  a i m of  t hi s  wor k wa s  t o i de nt i f y a nd a s s e s s  t he  e nvi r onme nt a l  i mpa c t s  a s s oc i a t e d wi t h e x-
t r a c t i on, pr oduc t i on, a nd di s t r i but i on ( ba s e d i n s c e na r i os )  of  c e r a mi c  br i c k pr oduc e d i n Por t uga l  
( f r om c r a dl e  t o ga t e ) .  
Al l  i nput s  t o t he  s ys t e m r e l a t e d wi t h e ne r gy c ons umpt i on ( f ue l  a nd e l e c t r i c a l  powe r )  a nd 
na t ur a l  r e s our c e s  ( c l a y a nd wa t e r )  we r e  i nc l ude d. T he  s ys t e m out put s  c ompr i s e  e mi s s i ons  i nt o 
t he  a t mos phe r e  a nd i nt o wa t e r  a nd t he  ge ne r a t i on of  wa s t e  ( ha za r dous  a nd non ha za r dous  
wa s t e )  f r om t he  pr oc e s s e s  ( e xt r a c t i on, t r a ns por t  a nd pr oduc t i on) . 
T he  e nd of  l i f e  a nd t he  i mpa c t s  of  t he  wa s t e  ma na ge me nt  t r a ns por t  a nd t r e a t me nt  we r e  not  i n 
t he  s c ope  of  t hi s  s t udy. 
3.2 Functional Unit and system boundaries 
T he  f unc t i ona l  uni t  us e d wa s  1 kg of  br i c k r e a dy t o be  s ol d ( f or  a  br i c k 11 ( di me ns i ons  
30*20*09 c m) , 1000 kg i s  e qui va l e nt  t o 14,6 m 2 ) . 
T he  pha s e s  i nc l ude d i n t he  s ys t e m a r e  t he  e xt r a c t i on of  r a w ma t e r i a l s , br i c k pr oduc t i on a nd 
di s t r i but i on of  t he  f i na l  pr oduc t  t o c us t ome r s  ( s c e na r i o 100 km) . 
A c ut -of f  r ul e  wa s  e s t a bl i s he d i n or de r  t o de c i de  whi c h ma t e r i a l s  a s s oc i a t e d t o t he s e  pha s e s  
s houl d be  i nc l ude d wi t hi n t he  bounda r i e s . T hus , t he  ma t e r i a l s  t ha t  r e pr e s e nt e d l e s s  t ha n 0.5%  of  
t he  f unc t i ona l  uni t  we r e  l e f t  out s i de  t he  bounda r i e s .  
T he  pha s e s  c or r e s pondi ng t o c ons ume r  us e  a nd f i na l  di s pos a l  of  t he  pr oduc t  we r e  a l s o e x-
c l ude d, a s  we l l  a s  t r a ns por t  a nd f i na l  di s pos a l  of  i ndus t r i a l  wa s t e . T he  c ons t r uc t i on pha s e s  of  
t he  pl a nt  a nd r e ma i ni ng i nf r a s t r uc t ur e , pr oduc t i on of  ma nuf a c t ur i ng e qui pme nt , pe r s ona l  a c t i vi -
t i e s  we r e  a l s o e xc l ude d. 
T he  f i gur e  1 r e pr e s e nt s  t he  l i f e  c yc l e  pha s e s  a nd s ys t e m bounda r i e s  of  t he  Por t ugue s e  br i c k 
ma t e r i a l  unde r  s t udy ( t he  da s he d boxe s  we r e  not  i nc l ude d i n t he  s t udy) . 
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Figur e  1 .  T he  life  c yc le  p ha se s a nd  syste m b o und a r ie s o f the  b r ic k ma te r ia l 
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3.3 Quality of the data 
Da t a  f or  t he  br i c k pr oduc t i on pr oc e s s  r e f e r  t o t he  ye a r  2008 a nd we r e  c ol l e c t e d by t he  T e c hno-
l ogi c a l  Ce nt e r  of  Ce r a mi c  a nd Gl a s s  ( CT CV )  f r om i ndus t r i a l  c ompa ni e s  l oc a t e d i n c e nt r a l  Por -
t uga l . Da t a  f r om l i t e r a t ur e  s our c e s  a nd f r om t he  da t a ba s e  " e c oi nve nt ”  we r e  us e d f or  t he  r e ma i n-
i ng pr oc e s s e s  i nc l ude d i n t he  bounda r i e s . 
T he  " c ut -of f  r ul e s "  we r e  a l s o us e d f or  t he  pr oc e s s e s  a nd a c t i vi t i e s  t ha t  don’ t  c ont r i but e  mor e  
t ha n 0.5%  f or  t he  e nvi r onme nt a l  i mpa c t . 
3.4 Inventory analysis 
T he  pa r a me t e r s  us e d t o de s c r i be  t he  e nvi r onme nt a l  bur de ns  of  t he  pr oc e s s e s  we r e  di vi de d i nt o 
i nput s  a nd out put s . 
Input s  i nc l ude  ma t e r i a l s / pr oduc t s , c he mi c a l  s ubs t a nc e s  a nd pr e pa r a t i ons , f ue l s , r e s our c e s  
( us e d a s  r a w ma t e r i a l  or  e ne r gy)  a nd e l e c t r i c i t y. 
T he  out put s  i nc l ude  ma t e r i a l s / pr oduc t s , e ne r gy, a i r  e mi s s i ons , wa s t e  wa t e r  e mi s s i ons  a nd 
wa s t e . 
T he  pr oc e s s e s , i nput s  a nd out put s  ha d be e n mode l l e d wi t h t he  Si ma Pr o s of t wa r e  a ppl i c a t i on 
f ol l owi ng t he  gui de l i ne s  s e t  out  i n t he  ISO 14040 a nd ISO 21930 s t a nda r ds . 
T he  e nvi r onme nt a l  bur de ns  dur i ng t he  s t a ge s  ( e xt r a c t i on, ma nuf a c t ur i ng a nd t r a ns por t )  va r y 
de pe ndi ng on t he  t ype  of  ma t e r i a l  pr oduc t i on, a nd a r e  ge ne r a l l y di s t r i but e d a s  s hown i n T a bl e  2 
a nd 3, whi c h pr e s e nt  r e s pe c t i ve l y t he  i nput s  a nd t he  out put s  f or  t he  pr oduc t i on of  1 kg of  br i c k. 
 
T a b le  2 .  P r ima r y LCI  d a ta  in te r ms o f inp uts ( d a ta  fo r  the  func tio na l unit: 1  kg o f b r ic k)   
    U nits  
I np uts    
Cla ys  1 . 2 2  kg  
W a te r  ( we ll)  9 . 5 5 E - 0 5  m 3  
D o me stic  wa te r  2 . 2 5 E - 0 6  m 3  
E le c tr ic ity  3 . 3 8 E - 0 2  kW h  
N a tur a l ga s  1 . 1 0  M J  
D ie se l  2 . 1 4 E - 0 2  M J  
Lub r ic a ting o ils  2 . 9 2 E - 0 6  kg  
P a c king  film  1 . 1 4 E - 0 4  kg  
E U R p a lle t  1 . 6 1 E - 0 5  p  
Ste e l c a stings  9 . 5 5 E - 0 6  kg  
P r o d uc t tr a n s p o r t  1 0 0  km  
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T a b le  3 .  P r ima r y LCI  d a ta  in te r ms o f o utp uts ( d a ta  fo r  the  func tio na l unit: 1  kg o f b r ic k) . .  
   U nits  
O utp uts    
CO  5 . 7 1 E - 0 4  kg  
CO 2  6 . 5 0 E - 0 2  kg  
N O  4 . 3 5 E - 0 5  kg  
SO 2  3 . 5 6 E - 0 5  kg  
F  7 . 6 7 E - 0 7  kg  
As  1 . 5 5 E - 0 8  kg  
Cd  7 . 5 1 E - 0 9  kg  
Cr  2 . 5 5 E - 0 8  kg  
Cu  4 . 2 1 E - 1 0  kg  
H g  3 . 7 5 E - 0 9  kg  
N i  3 . 6 0 E - 0 8  kg  
P b   7 . 5 0 E - 0 8  kg  
Zn  1 . 4 4 E - 0 8  kg  
H Cl  7 . 4 9 E - 0 7  kg  
P M 1 0  1 . 9 3 E - 0 5        kg 
N M V O C  1 . 9 7 E - 0 5        kg 
CQ O  5 . 3 1 E - 0 9        kg 
SST  1 . 8 1 E - 0 8        kg 
O ils  1 . 3 8 E -0 9       kg 
 
T he  f ul l  i nve nt or y a l s o i nc l ude s  t he  t r a ns por t  of  t he  f i na l  pr oduc t  – br i c k t o c ons ume r  c on-
s i de r  a  s c e na r i o of  100 km. 
3.5 Life cycle impact assessment 
Envi r onme nt a l  i ndi c a t or s  we r e  obt a i ne d f or  t he  i mpa c t  c a t e gor i e s  s hown i n T a bl e  4, t oge t he r  
wi t h t he  i ndi c a t or  t ha t  qua nt i f i e s  t he m. T he  i mpa c t  c a t e gor i e s  c or r e s pond t o t he  pr opos a l s  of  
t he  EPD ( www.e nvi r onde c .c om)  a nd t he  c ha r a c t e r i za t i on f a c t or s  we r e  t hos e  s ugge s t e d by CM L 
me t hod [ www.c ml .l e i de n.e du] .  
 
T a b le  4 .  I mp a c t c a te go r ie s a nd  units c o nsid e r e d  in the  stud y ( d a ta  fo r  the  func tio na l unit: 1  kg,  inc lud ing 
1 0 0  km d ist r ib utio n to  the  c usto me r )   
I mp a c t c a te go r y U nit T o ta l 
G lo b a l wa r ming ( G W P 1 0 0 )  kg CO 2  e q  1 . 4 1 E -0 1  
O z o ne  la ye r  d e p le tio n ( O D P )  kg CFC-1 1  e q  1 . 6 7 E -0 8  
P ho to c he mic a l o xid a tio n kg C2 H 4  7 . 5 0 E -0 5  
Ac id ific a tio n kg SO 2  e q  5 . 4 4 E -0 4  
E utr o p hic a tio n kg P O 4 --- e q  7 . 2 4 E -0 5  
 
3.6 Interpretation  
In t he  c a t e gor y gl oba l  wa r mi ng, t he  ma i n c ont r i but i on c ome s  f r om t he  pr oduc t i on pha s e  na me l y 
t he  bur ni ng of  na t ur a l  ga s  i n t he  s t a ge  of  dr yi ng a nd f i r i ng. T r a ns por t  a nd t he  c l a y mi ne  pr oc e s s  
a r e  l e s s  r e l e va nt .  
In t he  c a t e gor y of  t he  ozone  l a ye r  de pl e t i on, t he  pr of i l e  of  c ont r i but i ons  s e e m t o be  ma i nl y 
due  t o t he  e mi s s i ons  f r om t he  c ombus t i on of  di e s e l  i n t he  t r a ns por t s  a s s oc i a t e d t o c l a y c on-
s umpt i on, br i c k s t or a ge  a nd br i c k di s t r i but i on. 
T he  c a t e gor y phot oc he mi c a l  oxi da t i on i s  pr e domi na t e d by dr yi ng a nd f i r i ng pr oc e s s e s  i n 
br i c k pr oduc t i on t ha t  e mi t  ni t r oge n oxi de s  ( NOx) , s ul phur  oxi de s  ( SOx) , c a r bon oxi de s  ( COx)  
a nd hydr oc a r bons  dur i ng t he  c ombus t i on of  na t ur a l  ga s  a nd a l s o by c ombus t i on of  di e s e l  i n t he  
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t r a ns por t . T he  e mi s s i ons  of  SOx gi ve n of f  dur i ng t he  pr oduc t i on of  t he  e l e c t r i c a l  powe r  us e d by 
t he  ma c hi ne r y i n br i c k pr oduc t i on pl a y a l s o a n i mpor t a nt  r ol e  f or  t hi s  i mpa c t  c a t e gor y. 
Ac i di f i c a t i on i s  ma i nl y due  t o NOx a nd SO2 e mi t t e d dur i ng t he  dr yi ng a nd f i r i ng of  t he  c e -
r a mi c  br i c k a nd i n t he  c ombus t i on of  f ue l s  i n t r a ns por t s . 
Eut r ophi c a t i on i s  ma i nl y due  t o NOx e mi t t e d dur i ng t he  c ombus t i on of  t he  na t ur a l  ga s  us e d 
i n dr yi ng a nd f i r i ng of  t he  c e r a mi c  br i c k a nd i n t he  c ombus t i on of  f ue l s  i n t r a ns por t s . 
4 CONCLUSIONS 
T hi s  LCA s t udy r e por t s  i nve nt or y da t a  a nd i mpa c t  a s s e s s me nt  a s s oc i a t e d wi t h t he  ma nuf a c t ur e  
of  c e r a mi c  br i c ks  f r om c r a dl e  t o ga t e , i nc l udi ng c e r a mi c  br i c k di s t r i but i on. ( wi t h a  s c e na r i o of  
100 km) . 
M a ny of  t he  i mpa c t s  of  t he  br i c k ma nuf a c t ur e  a r e  a s s oc i a t e d t o t he  a i r  e mi s s i ons  i n t he  pr o-
duc t i on s t a ge . 
T he  r e duc t i on of  ma s s  a nd t he  t e mpe r a t ur e  of  f i r i ng of  c e r a mi c  br i c ks , us i ng s pe c i f i c  c l a ys  
a nd or ga ni c  ma s s  a ddi t i ve s , i s  one  pos s i bi l i t y t o r e duc e  t he  e nvi r onme nt a l  i mpa c t s  a nd i mpr ove  
t he  s us t a i na bi l i t y of  t he  c e r a mi c  br i c ks . 
T he  bui l di ng c ons t r uc t i on i ndus t r y wi l l  be , i n t he  ne xt  f ut ur e , f oc us e d on t he  Envi r onme nt a l  
Pr oduc t  De c l a r a t i on ( ISO 14025)  f or  t he  di f f e r e nt  ma t e r i a l s  us e d i n bui l di ng.  T hi s  i s  t he  c a s e  
of  t he  Por t ugue s e  Ce r a mi c  Indus t r y As s oc i a t i on, pr omot i ng de c i s i ons  ba s e d i n t he  l i f e  c yc l e  of  
pr oduc t s , i n or de r  t o bui l d mor e  e nvi r onme nt a l  f r i e ndl y c ons t r uc t i ons . 
5  ACK NOW ELEGEM ENT S  
T he  a ut hor s  whi c h t o t a nk t o APICER a nd QREN ( Na t i ona l  St r a t e gi c  Re f e r e nc e  Fr a me wor k)  
f or  t he  f i na nc i a l  s uppor t . 
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ABST RACT:  In Por t uga l , t he r e  is  a  c ri ti c al  ne e d for  ar c hit ec t s  t o i ncor por at e  e ner gy-c ons c i ous 
s t ra t e gi es  on t he  pr oce s s  of  r ef ur bi s hme nt  des i gn. Pa s si ve  de s i gn t e c hnol ogy i s  s ti ll  wi del y 
unknown or  mi s us e d by Ar c hit e ct s , t o a  l ar ge  e xt ent  be ca use  i nf or ma t ion on t he se  is s ues  is 
s c a rc e , mos t l y r e f er ri ng t o f or ei gn c l i ma t ic  a nd buil ding c ont e xt s . T her e  is  a l s o a gr e a t  ne e d f or 
us e r -f r ie ndl y t ool s , l i ke  the LT  me t hod, pa rt ic ula rl y f or  de mons t ra ti ng a nd va l ida t ing i t s  us e  i n 
t he  Por t ugue se  c ont e xt . T his  pa per  pr es e nt s  t he  LT -Por t uga l  s of t war e , whic h is  a n e ne r gy de s i gn 
t ool  t hat  c an quic kl y a s s es s  t he  e ner gy us e  ( l i ghti ng, c ool i ng, ve nt i la ti on and he a ti ng)  a nd 
t he r ma l  c omf or t  i mpl i c at ions  of de si gn opti ons – both i n e xis ti ng pr oj e ct s  a nd a l s o t o i nf or m 
de s i gn de ci si ons . Des pit e  the  c ompl e xit y of  t he  a na l ys i s , t he  LT  Me t hod i s  ea s y t o us e  a nd to 
a ppl y t o a  r ange  of  s it uat i ons . It  i s  t hus  a n ide al  t o ass e s s  r e f ur bi s hme nt  s tr at e gie s , t o whic h it 
ha s  bee n a ppli e d be f or e , a nd t o ma ke  c ompa r i s ons  be twe e n va r i ous  re f ur bis hme nt opt ions . 
 
K e ywor ds:  Soft war e  si mul at i on t ool , Ener gy us e  i n buil di ngs , De si gn pr oc e s s 
 
1. T HE LT  M ET HOD:  INT RODUCT ION  
T he me c ha nis m of  e ne r gy us e  in bui l di ngs  i s  c ompl e x, i nvol vi ng t hr e e ma i n f ac t or s:  t he 
phys i c a l  bui ldi ng i t se lf ;  the e f f ic ie nc y of  t he  e ner gy-u s i ng e qui pme nt  s uc h as  c ool i ng pl a nt  a nd 
l i ght ing;  a nd t he  wa y i n whi c h t he  oc c upa nts  c ontr ol  t he  buil ding a nd s ys t e ms . Di f f e r ent 
c ombi na t ions  of t he s e f ac tor s  l ea d t o a  wi de  va ri a nce i n e ner gy us e . For e xa mpl e , poor  f a br ic 
i ns ul at i on, a nd i nef fi ci e nt  c ooli ng s ys t e m, a nd oc c upa nt s  c ont r ol li ng e xc es s  hea t  by ope ni ng 
wi ndows , ma y a l l  c ont ri bute  t o hi gh-e ne r gy us e . 
Re f ur bi s hme nt  pr ovi de s  t he opport unit y t o dir e ct l y i mpr ove  t he  bui l di ng f a br i c  a nd s ys t e ms , a nd 
t he se  i mpr ove me nt s  ma y p r omot e  be tt er  oc c upa nt  s ati s fa c ti on a nd per f or ma nc e . For  e xa mpl e , 
t he  f it ti ng of  r oom t he r mos t at s  woul d r e move  t he  ne e d f or  oc c upa nts  t o open wi ndows  t o 
c ontr ol  ove r he at ing i n wi nte r . 
In  de ve l opi ng a  s t r at e gy, i t  i s  us e ful  to be  a ble  t o r ank t he  i mpa c t  of  va r i ous  re fur bis hme nt 
me a s ur e s . Sa vi ngs  a r e  not  s i mpl y a ddi t i ve  – f or  e xa mpl e  t he  va l ue  of  c ool ing e ne r gy s a ve d b y 
a ppl yi ng a  s hadi ng s ys t e m is  de pende nt  on t he  e ff i ci e nc y of  t he  a ir  c ondit i oni ng sys t e m.  
 In Por t uga l , t he re  is  a  cr it ic a l  ne e d for  ar c hi te ct s  to i nc or por at e  e ne r gy-c ons c i ous s t ra t e gies 
on t he  pr oc es s  of  r e fur bi s hme nt  de s i gn, pa r ti c ul ar l y in t he  c as e  of  of fi c e  buil di ngs , whi c h i s  a 
bui ldi ng se c tor  a s soc ia te d to hi ghe r ra ti ngs  of  ene r gy c ons umpt i on. Pa ss i ve  de s i gn t ec hnol ogy i s 
s t il l  wide l y unknown or  mi s us e d by Ar c hit e ct s , to a  la r ge  e xt e nt  be ca us e  i nf or ma t ion on t hes e 
i s s ue s  i s  sc a rc e , mos t l y r e fe r ri ng t o f or ei gn c l i ma t i c  and bui l di ng c ont e xt s . T her e i s  a l s o a  gr e at 
ne e d f or  us er -f r i e ndl y t ools , l i ke  t he  LT  me t hod, pa rti c ul a rl y f or  de mons t r ati ng a nd va l i dat i ng 
i t s  us e  i n t he  Por tugue s e  c ont e xt . 
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  T he LT  me t hod wa s ori gi nat e d a s  a  ma nua l me t hod t o pre dic t e ner gy c ons umpt i on i n 
bui ldi ngs  ( he at ing a nd l i ght i ng)  f r om a  ve r y si mpl e  de s c ri pt i on of  the  buil ding at  a n e ar l y st a ge  
i n t he  pr oj e c t . It  ha s  be en de ve l oped by Ba ke r  a nd St e e me r s , f r om t he  M ar ti n Ce nt r e f or 
Ar c hit e ct ur a l  and Ur ba n studi e s, Uni ve r si t y of  Ca mbr i dge , s i nce  1988. It  ha s  be e n e xt ensi ve l y 
a nd i nde pe nde nt l y va li date d (i ncl udi ng by t he  UK ’s  Buil ding Re s e ar c h Es tabl is hme nt ) , a nd 
a ppli e d t o re al  proj ec ts  a nd de s i gn c ompe t it ions  t hroughout  Eur ope  a nd be yond.  
 Us i ng t he LT -M e t hod al gor it hms , a  s of t war e  - LT  Eur ope - wa s  s ubs e que nt l y de ve l ope d, 
i nc or pora ti ng a  gr a phi ca l  t ool  t hat  a ll ows  t he  des i gn of  t he  buil di ng. T he  LT  Europe  was 
de ve l ope d by a n int er nat iona l  te a m c oor dinat e d by M a rt i n Ce nte r  ( Ni c k Ba ke r , Da vi d Hoc h, 
K oe n St ee me r s , Re na ud, Runmi ng Ya o, Si mmon R uf fl e , J oe  As hmor e  a nd Na be el  Shai kh) 
i nvol vi ng t he  foll owi ng i ns t it ut i ons :  Ge f os a t ( Fr a nce)  Ins t i t ut o de  Enge nhar i a M e c ani ca , Pol o 
FEUP ( Por tuga l ) , Ce nt er  for  Re ne wa bl e  Ene r gy Sour c e s  ( Gr ee c e) , Uni ve r sit y Col l e ge  Dubli n 
( Ir e l a nd)  a nd EDAS Nort h, Uni ve r s it y of  Shef fi el d ( UK ) . 
 De s pit e  t he  compl e xit y of  the  a nal ys i s , t he  LT M et hod i s  a  us er -f r i e ndl y t ool , a ppli c a bl e  t o a 
r a nge  of  s it uat ions . It  c an a ls o as s es s  r e f ur bi s hme nt  st ra t e gi es , a nd to ma ke  c ompa r i sons 
be t we en va r i ous  re f ur bis hme nt  de s i gn opt i ons . 
2. T he  LT -PORT UGAL SOFT W ARE 
T he LT -Por t uga l  i s a  de ve l opme nt  of  LT -Eur ope , provi di ng gr e a t er  a cc ura c y in t er ms  of  t he 
c ont ext ua l s pec if ic a ti ons  for  t he Port ugue s e t er ri tor y, s uc h as  cl i ma t ic  da t a, and ot he r ge ne r al 
i mpr ove me nt s . It  c a l c ul at es  t he  a nnua l  e ne r gy c ons umpt i on a nd r el a te d CO2 e mi s s i ons  re l ated 
t o he at ing, c ooli ng a nd l i ght i ng, a nd i ndi c at e s  t he  f r eque nc y of  ove r hea ti ng i n bui ldi ngs  wit h 
na t ur a l  ve nti la ti on. T hi s  a ss e s s me nt  is  ba s ed on buil di ng i nput  va r ia ble s  r angi ng f r om t he  s i te 
c ont ext  ( e.g. s ur r oundi ng bui ldi ng obs tr uct i ons )  t o de t ai le d c onst r uc ti onal  c onsi de ra ti ons  (e .g. 
wa l l  c onst r ucti on, wi ndow s i ze , e t c .) , f or  dif fe r ent  buil di ng t ype s  ( off ic e, e duc at i ona l, 
i nst it uti onal  or  dome s ti c ) . T he s of t war e  i s  in Port ugues e  La ngua ge . 
 In t e r ms  of  c l i ma ti c  dat a , t he  pr ogr a m c ons ide rs  combi na t i ons  of  t he  cl i ma ti c  re gi ons 
i de nt if ie d for  Port uga l , bas e d on t he  re fe r enc e  c li ma t i c zone s  c onsi der e d by RCCT E (2005) : 
f our  wi nte r  zones  a nd f our  s umme r  zone s . 
 T he  ma i n a dde d va l ue  of  s of t war e  i s  t o de mons tr at e  t he s e ns it i vi t y a nd i nt e ra c ti on of  s e ve r al 
va r i a ble s  i n buil ding de s ign. De ve l ope d i n t he  c ont e xt  of t he  LT -Por t uga l  Pr oj ec t , a t t he 
Ins t i t ut o Supe ri or T é c ni c o (T ec hnic al  Uni ve r s it y of Li sbon)  a nd M ar ti n Ce nte r f or Ar c hi te c tural 
a nd Ur ban St udi es  ( Uni ve r s it y of  Ca mbr i dge , UK) , i t  was  s upport e d by t he  Founda ti on f or 
Sc i e nc e  a nd T ec hnol ogy ( FCT ) . T he  r e se a rc h t ea m wa s  c onst it ute d by Dr . Ni c k Ba ke r  ( Uni v. 
Ca mbr i dge ) , M a nuel  Corre i a  Gue de s  ( IST ) , Na be e l Sha i k ( Uni v. Ca mbr i dge ), Lui s  Ca li xto 
( IST )  a nd Ri c ar do Agui ar  (LNEG) . 
 T he  LT  Me t hod i s  pr i ma r ily a  bui l di ng e ne r gy mode l le r . Howe ve r , be c aus e  i t  is  se ns it i ve  t o 
t he  a va il a bi li t y of  da yl i ght  a nd t he  be nef it  a nd di s -be ne fi t of  sola r  ga i n, t he  e f fe c t  of  site 
obs tr uct i ons  i s  al s o t a ke n int o ac c ount . T he  use r  wor ks  t hr ough a  se ri e s  of  s t a ge s ( s cr e ens ) , t he 
f i rs t  4 f or  dat a  i nput , a nd t he  f ol l owi ng 3 f or  da ta  out put . T hes e  ar e  de s cr i be d be low:  
 
2.1 Inputs 
Input  Sc r e e n 1 :  Cont e xt . T he pr oj ec t  i s  pl a ce d on a ma p of  Por tuga l  a nd a  bui l di ng t ype  is  
s e l ec te d ( ne w c ons tr uct i on or  r e f ur bis hme nt ;  bui l di ng t ype  – of f i ce , housi ng, i ns ti t ut i ona l  or 
s c hool ) . T hi s  se l ec ts  l ongi t ude  a nd l at it ude  ( f or s ol ar  ge ome t r y)  c l i ma t e da t a  ( hour l y 
t e mpe r a t ur e  a nd r a di a ti on) , a nd def a ul t  va lue s  f or buildi ng f a br i c a nd s ys t e ms  a ppr opri at e  t o t he 
c ountr y. T he  s cr e e n ma ps LT  Cli ma t e  Zone s  ( a  t ota l  of  9 c li ma t i c  c ombi na tions ) , zone s  of 
s i mi l a r  e ner gy c ons umpt i on, i ndi vi dua ll y f or  wi nte r  a nd s umme r .  
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Fig ur e  1 : I np ut sc r e e n 1 : Co nt e xt.  
 
 Input  Sc r e e n 2 :  Ske t c he r . A s i mpl e  dr a wi ng t ool  wi th t he  us ual  dra wi ng f unct ions  (l i ne, 
r e ct a ngl e , dr a g, rot at e e tc )  a l lows  the  us e r t o ma ke  a  s ke t c h pla n. T hi s i s gi ve n a  de f a ul t fl oor -t o 
c e il i ng he i ght  a nd bec ome s  a  3 -d obj ec t , i .e . a  buildi ng. W a ll s  c a n be  gi ve n a t tr ibute s  - i n 
pa r ti c ul ar  wi ndows , e nt e red a s a  gl a zi ng ra ti o. T he  appl ic at i on of gl a zi ng t o a n e xte r na l wa ll 
i mme di a t el y de s i gna te s  t he zone  a dj a c e nt  t o i t  a s  passive  zone  (i .e . a bl e  t o be nef it f r om da yl i ght 
a nd nat ur a l ve nt il at i on et c) , a s  di st i nc t fr om non-passive  zone  whic h ne e ds a rti fi c ia l  l i ghti ng a nd 
me c ha ni c al  ve nti la ti on. Pa ss i ve  zone s  a r e des i gna te d ac c or di ng t o t he ir  or ie nta ti on. Zone s  in t he 
pl a n c a n al s o be  de si gna t ed normal interior  ( i .e . he a te d a nd li t) , buffer space  ( unhe a te d a tr i um 
or  cons er va t or y) , roof lit , or  open to the sky  ( e .g. li ght we ll ) . Fl oor s (s t or e ys ) c a n be  dupli ca t ed 
a nd the ir  at tr ibute s  edit e d. Pol ygons  dr a wn on t he plan c a n be  des i gna te d obs tr uct i ons  a nd gi ve n 
a  hei ght . T he y c a n be pos it i one d by t r ac i ng ove r a n i mpor t e d si te  pl a n, and t he n s c al ed 
c or re ct l y. 
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Fig ur e  2 : LT  Ske tc he r  sc r e e n s ho win g p la n o f b u ild in g wit h a tr i u m [ i n b lue ]  ( gr e e n ho use  o r  b uf fe r  
sp a c e ) .  T he  ye llo w a r e a  is t he  no n-p a s si ve  z o ne ,  a nd  th e  tinte d  z o ne s a r e  p a ssi ve  z o ne s o f va r yi ng  
o r ie nta tio n,  a s i nd ic a te d  b y th e  ke y to p  r ig ht T he  gr e y b lo c ks a r e  o b str uc tio ns - e . g.  o t he r  b uild in gs,  a nd  
the  d ia lo g b o x  fo r  t he  gla z i ng  sp e c ific a t io n sho ws  t he  s unp a th d ia gr a m a nd  o b str uc tio ns a s se e n fr o m t he  
p a r t o f the  wa ll b e in g sp e c i fie d .  
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 Input  Sc r e e n 3:  Sys t e ms . The  f ol l owi ng da t a a re  i nput: 
• He a t ing boi le r  ef fi ci e nc y 
• Int e r na l  ga i ns 
• W i nt e r ve nt il at i on r at e 
• Cool i ng c oef . pe r for ma nc e  ( COP) 
• Ins t a l l e d f a n powe r  f or  fr e sh a ir 
• Ins t a l l e d f a n powe r  f or  a ir -c on. 
• Hi gh s umme r  ve nt i l at i on ( on/ off ) 
• Ni ght  ve nt i la ti on ( on/ off ) 
• Li ght i ng s wit c h-on da t um 
• Us e f ul  a rti fi c ia l  l i ghti ng da tum 
• Oc c upa nt s  hourl y pa t te r n 
• Oc c upa nt s  da il y pa t te r n ( per  we e k) 
• Oc c upa nt s  mont hl y pat t er n ( pe r  ye ar ) 
Al l  ha ve  def a ul t va l ue s  a ppr opri at e  t o the  bui l di ng t ype a nd l oc at i on ha ve  be en s ele c t ed i n 
t he  Cont e xt  sc r ee n 
Sc r e en 4:  Fa bri c . The  foll owi ng da t a  ar e  i nput :  W al l  U-va l ue , Roof  U-va l ue , Fl oor U -va l ue  
a nd t ype  of  Const r uc ti on – ( li ght , me di um, he a vy) . 
 
2.2. Outputs 
Out put Sc re e n 5:  LT Cur ve s . Annua l  e ner gy c ons umpt i on per  squa re  me t r e is  di s pl a ye d as  a 
f unct i on of  gl a zi ng a r ea  and or ie nta ti on f or  t he  us es  – li ght i ng, he at i ng, a nd c ooli ng. T wo 
gr a phs  c a n be  di s pl a ye d s imul t a ne ousl y f or  c ompa r ison. Ove r he a ti ng a s  a  f uncti on of  gl a zi ng 
r a ti o i s  al s o di spl a ye d. 
 Out put  Scr e en 6:  W or ks hee t . Ene r gy c ons umpt i on / m2 a nd t ota l s  ar e  gi ve n f or  the  pa s si ve  
zone s  ( de fi ne d by or ie nta tion)  and t he non-pa s s i ve  zone , fl oor  by fl oor . Ove r hea ti ng ( da ys  with 
mor e  t ha n 2 c ons ec uti ve  hour s  a bove  27 o C)  is  a l so gi ve n. Zone  va l ue s  a re  s umme d t o gi ve  a  
bui ldi ng t ota l  a nd a n ar e a -we i ght e d ove r hea ti ng hours  i s  al s o gi ve n. CO2 e mi s s i ons  a r e  al so 
gi ve n. T he t he r ma l  contr i but i on of  a n unhe at e d a tr i um i s  s hown. The re  i s  a  r e vi e w of  curr ent 
i nput  dat a  va l ue s . 
 Out put  Sc r ee n 7:  Ca s e  Compa r i s on. T he  nor ma l  us e  of  LT  i nvol ve s  t he  modi fic a ti on of  a 
Ba s e  Ca se  in orde r  t o a c hi e ve  be tt er  e ne r gy pe r f or ma nc e , a nd l e ss  ove r hea ti ng i f  a  nat ura ll y 
ve nt i la t ed opti on i s  be i ng expl ore d.  Thi s  sc re e n al l ows  a  s e ri e s  of  c a se s  t o be  compa r e d i n bot h 
a nd a ir -c on a nd na t ur a ll y ve nt i la t ed ve r s i on. In t he  ai r -c on c a s e  it  i s  a s s ume d tha t  t he re  i s  no 
ove r he a ti ng, whe r e as  i n t he  na t  ve nt  c a se  t he  fr e e -f l oa t ing hour l y t e mpe r a t ur e  i s mode l l e d and 
out put  i n t he f or m of  an ar e a - we i ght e d a ve r a ge  of  hour s duri ng oc cupa nc y a bove  27 o C. The 
di s pl a y c ons i s ts  of  st a c ke d ba r s , ea c h r e pr e s enti ng one  c ompone nt  of  e ne r gy us e  – e .g. l i ght i ng, 
he a ti ng, et c . Ene r gy unit s  a r e i n K W h Pri ma r y, a n e ne r gy uni t  t a ki ng a c c ount  of  t he  e ner gy 
va l ue  a t  s our c e  be f or e  c onve r si on and dis tr i buti on l os se s . It  c l ose l y r el a te s  t o CO 2 e mi s s i ons . 
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Fig ur e  3 : O utp u ts fo r  e ne r g y c o nsu mp tio n a nd  o ve r he a t in g h o ur s,  fo r  1 1  d iffe r e nt d e si g n o p tio ns.  
 
2.3 Notes on the internal structure of LT 
T he  s oft war e  c ons is t s  of  a  sol ve r  ( wri tt e n i n V B)  and an i nte rf a ce  wr it te n i n De l phi , a  der i va ti ve 
of  Pa s c al . T he  s ol ve r  s i mul a t e s  t he  a nnua l  e ne r gy c ons umpt i on a nd f r ee  f l oa ti ng t e mpe r a t ure  of 
a  9m x 9 m c e l l , t o c ove r  al l c ondi ti ons  of  gl a zi ng r a t i o, or i e nt at i on a nd ove r s ha dowi ng f ound in 
t he  bui ldi ng s ke t c h. It  out put s  t hes e  t o t he  int er fa c e i n the  for m of  a nnua l  pri ma r y e ne r gy 
c ons umpt i on/ m 2 f or  e a c h zone  t ype . T he  i nt er fac e  t he n a ppli e s  t he s e  spe c if ic  e ne r gy 
c ons umpt i ons  t o  t he  zone  ar e a s  obta i ne d fr om t he  Ske tc he r  s c re e n, a nd sums  t he m f or  t he  whole 
bui ldi ng. Not e  tha t , a lt hough t he r e  ma y be  s o me  l os s  of  a c cur ac y, t hi s  has  t he  a dva nt a ge  of  not 
ha vi ng t o f or m a  t he r ma l  mode l  of  a  c ompl e x bui l di ng. 
3. CONCLUS IONS  
T he  LT -Por t uga l  is  a  us er -f r i e ndl y s oft wa r e  f or  bui l di ng de s i gne r s , a ll owi ng one  to c ompa r e  a nd 
opt i mi s e  de s i gn s ol uti ons , i n t er ms  of  e ner gy a nd c omf or t  pe rf or ma nc e , f or  di ff e re nt  buil di ng 
t ype s  a nd cl i ma t ic  c ont e xt s  e xi st i ng i n Por t uga l . It  i s  c ur r entl y on t he  pr oce s s  of  be ing 
di st ri bute d t o s t ude nt s  of  sc hools  of  Arc hit e ct ur e  in Por t uga l , a nd wil l , on t he  s hort  t er m, be 
a va i l a bl e  t o t he  ge ner a l  publ i c .  
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1 INT RODUCT ION 
1.1 State-of-the art and goals 
T he  us e  of  i mpr ove d ma t e r i a l s  a nd bui l di ng t e c hnol ogi e s  c a n c ont r i but e  c ons i de r a bl y t o be t t e r  
e nvi r onme nt a l  l i f e  c yc l e  a nd t he n t o t he  s us t a i na bi l i t y of  t he  c ons t r uc t i ons .  
LCA i s  a s  a  us a bl e  a ppr oa c h t o e va l ua t e  t he  e nvi r onme nt a l  i mpa c t s  of  pr oduc t s  or  pr oc e s s e s  
dur i ng t he i r  whol e  l i f e -c yc l e . It  i s  ba s i c a l l y qua nt i t a t i ve , a nd i t  c ons i de r s  t he  ma t e r i a l  a nd e n-
e r gy f l ows . T he  me t hodol ogy ha s  be e n de ve l ope d a nd us e d f or  t e ns  of  ye a r s , but  i t  wa s  onl y 
s t a nda r di ze d i n t he  mi d-t o-l a t e  1990s ’ , by t he  Int e r na t i ona l  Or ga ni za t i on f or  St a nda r di za t i on 
( ISO14040-42) . T he  LCA f i t s  a t  be s t  t o t he  l e ve l  of  s i ngl e  pr oduc t  or  ma t e r i a l , but  i t  i s  ge ne r -
a l l y a c c e pt e d t o be  a ppl i e d f or  c ons t r uc t i on pr oduc t s  a nd whol e  bui l di ng, t oo. Envi r onme nt a l  
pe r f or ma nc e  i s  ge ne r a l l y me a s ur e d i n t e r ms  of  a  wi de  r a nge  of  pot e nt i a l  e f f e c t s , s uc h a s :  
- gl oba l  wa r mi ng pot e nt i a l ;  
- s t r a t os phe r i c  ozone  de pl e t i on;  
- f or ma t i on of  gr ound l e ve l  ozone  ( s mog) ;  
- a c i di f i c a t i on of  l a nd a nd wa t e r  r e s our c e s ;  
- e ut r ophi c a t i on of  wa t e r  bodi e s ;  
- f os s i l  f ue l  de pl e t i on;  
- water use; 
- toxic releases to air, water and land. 
It  i s  wi de l y r e c ogni s e d i n t he  f i e l d of  Bui l di ng Sus t a i na bi l i t y As s e s s me nt  t ha t  Li f e  Cyc l e  As -
s e s s me nt  ( LC A)  i s  a  muc h mor e  pr e f e r a bl e  me t hod f or  e va l ua t i ng t he  e nvi r onme nt a l  pr e s s ur e  
c a us e d by ma t e r i a l s , bui l di ng a s s e mbl i e s  a nd t he  whol e  l i f e -c yc l e  of  a  bui l di ng. Al t hough of  e x-
i s t i ng s e ve r a l  r e c ogni ze d LCA t ool s , t he s e  t ool s  a r e  not  e xt e ns i ve l y us e d i n bui l di ng de s i gn a nd 
mos t  of  bui l di ng s us t a i na bi l i t y a s s e s s me nt  a nd r a t i ng s ys t e ms  a r e  not  c ompr e he ns i ve  or  c ons i s -
t e nt l y LCA-ba s e d. Re a s ons  f or  t hi s  f a i l ur e  a r e  a bove  a l l  r e l a t e d t o t he  c ompl e xi t y of  t he  s t a ge s  
of  a  LCA. Be s i de s  of  be i ng c ompl e x, t hi s  a ppr oa c h i s  ve r y t i me  c ons umi ng a nd t he r e f or e  nor -
ma l l y us e d by e xpe r t s  a t  a c a de mi c  l e ve l . For  t he s e  r e a s ons  mos t  of  t he  bui l di ng s us t a i na bi l i t y 
a s s e s s me nt  me t hods  a r e  r e l i e d on s i ngul a r  ma t e r i a l  pr opr i e t i e s  or  a t t r i but e s , s uc h a s  r e c yc l e d 
LC A Datab as e f o r P o rtu g u es e B u ild in g  Tech n o lo g ies  
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ABST RACT :  T he  a i m of  t hi s  pa pe r  i s  t o pr e s e nt  one  s ol ut i on t o i nt e gr a t e  mor e  a c c ur a t e  e nv i -
r onme nt a l  a s s e s s me nt  me t hods  i n r a t i ng s ys t e ms  a nd t ha t  c oul d be  us e d t o s uppor t  t he  de s i gn 
t e a ms ’  de c i s i ons  t ha t  a i m t he  i mpl e me nt a t i on of  l ow i mpa c t  bui l di ng s ol ut i ons . T he  s ol ut i on i s  
t he  de ve l opme nt  of  a  LCA da t a ba s e  t ha t  i s  ba s e d i n t he  EPD’ s  ( Envi r onme nt a l  Pr oduc t  De c l a r a -
t i ons )  a ppr oa c h a nd t ha t  ga t he r s  t he  qua nt i f i c a t i on of  s e ve r a l  e nvi r onme nt a l  i mpa c t  c a t e gor i e s  
of  t he  mos t  c ommon bui l di ng s ol ut i ons  us e d i n Por t uga l . T hi s  da t a ba s e  i s  i n c ont i nuous  upda t e  
a nd now c ove r s  a bout  50 bui l di ng s ol ut i ons  f or  f l oor s  a nd e xt e r i or  wa l l s , 40 bui l di ng ma t e r i a l s  
a nd t he  i mpa c t s  r e l a t e d t o t he  us e  of  12 s ys t e ms  f or  a c c l i ma t i za t i on a nd hot  wa t e r .  
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c ont e nt , r e c yc l i ng pot e nt i a l  or  di s t a nc e s  t r a ve l l e d a f t e r  t he  poi nt  of  ma nuf a c t ur e  ( Ca r mody, e t  
a l , 2007) . 
T he  a dopt i on of  e nvi r onme nt a l  LCA i n bui l di ngs  a nd ot he r  c ons t r uc t i on wor ks  i s  a  c ompl e x 
a nd t e di ous  t a s k a s  a  c ons t r uc t i on i nc or por a t e s  hundr e ds  a nd t hous a nds  of  i ndi vi dua l  pr oduc t s  
a nd i n a  c ons t r uc t i on pr oj e c t  t he r e  mi ght  be  t e ns  of  c ompa ni e s  i nvol ve d. Fur t he r , t he  e xpe c t e d 
l i f e  c yc l e  of  a  bui l di ng i s  e xc e pt i ona l l y l ong, t e ns  or  hundr e ds  of  ye a r s . For  t ha t  r e a s on LCA 
t ool s  t ha t  a r e  c ur r e nt l y a va i l a bl e  a r e  not  wi de l y us e d by mos t  s t a ke hol de r s , i nc l udi ng t hos e  de -
s i gni ng, c ons t r uc t i ng, pur c ha s i ng or  oc c upyi ng bui l di ngs . Due  t o i t s  c ompl e xi t y mos t  of  t he m 
a r e  us e d a nd de ve l ope d onl y by e xpe r t s , mos t  t i me s  onl y a t  a c a de mi c  l e ve l . 
In or de r  t o ove r c ome  t hi s  s i t ua t i on, mos t  popul a r  r a t i ng s ys t e ms  s i mpl i f i e d LCA f or  pr a c t i c a l  
us e . T he  s i mpl i f i e d LCA me t hods  c ur r e nt l y i nt e gr a t e d i n r a t i ng s ys t e ms  a r e  not  c ompr e he ns i ve  
or  c ons i s t e nt l y LCA-ba s e d but  t he y a r e  pl a yi ng a n i mpor t a nt  r ol e  i n t ur ni ng t he  bui l di ngs  mor e  
s us t a i na bl e . Ne ve r t he l e s s , t he  LCA a ppr oa c h i s  not  t he  s a me  i n t he  di f f e r e nt  s us t a i na bi l i t y a s -
s e s s me nt  me t hods  a nd t he r e f or e  t he  r e s ul t s  of  t he  e nvi r onme nt a l  pe r f or ma nc e  a s s e s s me nt  a r e  
not  t he  s a me  nor  c ompa r a bl e . T he  i nt e gr a t i on of  mor e  a c c ur a t e  e nvi r onme nt a l  a s s e s s me nt  me t h-
ods  i s  ne e de d t o ve r i f y i f  t he  r e qui r e d pe r f or ma nc e  ha s  r e a l l y be e n a c hi e ve d, t o a c c ur a t e  c om-
pa r e  s ol ut i ons  a nd t o c ompa r e  t he  r e s ul t s  f r om di f f e r e nt  r a t i ng s ys t e ms  ( Br a ga nç a  e t  a l , 2008) . 
In or de r  t o s t a nda r di ze , f a c i l i t a t e  t he  i nt e r pr e t a t i on of  r e s ul t s  a nd c ompa r i s on be t we e n di f f e r -
e nt  bui l di ng s us t a i na bi l i t y a s s e s s me nt  me t hods  de ve l ope d wi t hi n t he  Eur ope a n Count r i e s , CEN 
( Eur ope a n Ce nt r e  of  Nor ma l i za t i on)  s t a r t e d on t he  T e c hni c a l  Commi t t e e  350 ( CEN/ T C 350) . 
T he  wor ki ng doc ume nt  ( T C 350 W I 002)  i s  a  pa r t  of  t he  a  s ui t e  of  Eur ope a n s t a nda r ds , t e c hni -
c a l  s pe c i f i c a t i ons  a nd r e por t s  wr i t t e n by CEN T C 350 t ha t  wi l l  a s s i s t  i n e va l ua t i ng t he  c ont r i bu-
t i on of  bui l di ngs  t o s us t a i na bl e  de ve l opme nt  t hr ough t he  a s s e s s me nt  of  t he  e nvi r onme nt a l  pe r -
f or ma nc e  of  t he  bui l di ng. In t he s e  s t a nda r ds  t he  a s s e s s me nt  me t hodol ogy i s  ba s e d on a  l i f e  
c yc l e  a ppr oa c h f or  t he  qua nt i t a t i ve  e va l ua t i on of  t he  e nvi r onme nt a l  pe r f or ma nc e  of  t he  bui l d-
i ng. For  now t he s e  s t a nda r ds  a r e  s pe c i f i c  f or  bui l di ngs  but , wi t h t he  ne c e s s a r y a da pt a t i on, t he i r  
a ppr oa c h c oul d be  a dopt e d t o a ny t ype  of  c ons t r uc t i ons . 
Ba s e d i n t he  wor k of  CEN T C 350 a nd i n t he  wor k of  i i SBE Por t uga l  i n t he  de ve l opme nt  of  
t he  Por t ugue s e  r a t i ng s ys t e m SBT ool PT , t hi s  pa pe r  wi l l  pr e s e nt  a nd di s c us s  t he  de ve l opme nt  of  
a n LCA da t a ba s e  wi t h t he  e nvi r onme nt a l  da t a  f or  c onve nt i ona l  a nd non-c onve nt i ona l  Por t u-
gue s e  bui l di ng s ol ut i ons  
1.2 The LCA approach 
Li f e  c yc l e  a s s e s s me nt  ( LCA)  i s  a  s ys t e ma t i c  a ppr oa c h t o me a s ur i ng t he  pot e nt i a l  e nvi r onme nt a l  
i mpa c t s  of  a  pr oduc t  or  s e r vi c e  dur i ng i t s  l i f e c yc l e . LCA c ons i de r s  t he  pot e nt i a l  e nvi r onme nt a l  
i mpa c t s  t hr oughout  a  pr oduc t ’ s  l i f e  c yc l e  ( i .e . c r a dl e -t o-gr a ve )  f r om r a w ma t e r i a l  a c qui s i t i on 
t hr ough pr oduc t i on, us e  a nd di s pos a l .  
LCA i s  ve r y i mpor t a nt  t o c ompa r e  s e ve r a l  pos s i bl e  a l t e r na t i ve  s ol ut i ons , whi c h c a n br i ng 
a bout  t he  s a me  r e qui r e d pe r f or ma nc e  but  t ha t  di f f e r  i n t e r ms  of  e nvi r onme nt a l  c ons e que nc e s . 
For  c ons t r uc t i ons , s uc h br i dge s , t he  e mbodi e d e nvi r onme nt a l  pe r f or ma nc e  of  t he  bui l di ng ma t e -
r i a l s  a s  we l l  t he  c ons t r uc t i on i mpa c t s  on l a nds c a pe  a nd bi odi ve r s i t y wi l l  of t e n domi na t e  t he  
c ons t r uc t i on’ s  l i f e -c yc l e  e nvi r onme nt a l  i mpa c t s . For  bui l di ngs , s uc h a s  dwe l l i ngs  a nd of f i c e s , 
l i f e -c yc l e  e nvi r onme nt a l  i mpa c t s  a r e  of t e n domi na t e d by e ne r gy c ons umpt i on, i n s pa c e  he a t i ng 
or  c ool i ng, dur i ng t he  ope r a t i on pha s e :  i t  i s  e s t i ma t e d t ha t  t he  ope r a t i on pha s e  i n c onve nt i ona l  
bui l di ngs  r e pr e s e nt s  a ppr oxi ma t e l y 80%  t o 94%  of  t he  l i f e -c yc l e  e ne r gy us e , whi l e  6%  t o 20%  
i s  c ons ume d i n ma t e r i a l s  e xt r a c t i on, t r a ns por t a t i on a nd pr oduc t i on a nd l e s s  t ha n 1%  i s  c on-
s ume d t hr ough 1%  e nd-of -l i f e  t r e a t me nt s  ( Be r ge , 1999) . In bui l di ngs , de s i gn t e a ms  s houl d s e e k 
f or  mor e  e ne r gy-e f f i c i e nt  a l t e r na t i ve s , whi l e  i n ot he r  c ons t r uc t i ons , l i ke  f or  i ns t a nc e  di ke s  a nd 
br i dge s , pr i or i t y s houl d be  gi ve n t o e c o-e f f i c i e nt  ma t e r i a l s . Ne ve r t he l e s s , wi t h t he  de ve l opme nt  
of  e ne r gy-e f f i c i e nt  bui l di ngs  a nd t he  us e  of  l e s s -pol l ut i ng e ne r gy s our c e s , t he  c ont r i but i on of  
t he  ma t e r i a l  pr oduc t i on a nd e nd-of -l i f e  pha s e s  i s  e xpe c t e d t o i nc r e a s e  i n t he  f ut ur e .  
T he r e  a r e  t wo c ombi ne d s t a nda r ds  de ve l ope d s pe c i f i c  t o s e t  t he  f r a me wor k a nd r e qui r e me nt s  
of  a  LCA t ha t  r e pl a c e d t he  f or me r  f our  LCA s t a nda r ds  ( ISO 14040, ISO 14041, ISO 14042, ISO 
14043)  i n 1 s t  J ul y 2006:  ISO/ FDIS 14040 2006-07-01 Envi r onme nt a l  ma na ge me nt  – Li f e  c yc l e  
a s s e s s me nt  – Pr i nc i pl e s  a nd f r a me wor k;  a nd ISO/ FDIS 14044 2006-07-01 Envi r onme nt a l  ma n-
a ge me nt  – Li f e  c yc l e  a s s e s s me nt  – Re qui r e me nt s  a nd gui de l i ne s . 
Ac c or di ng t o ISO 14040, f r a me wor k f or  LCA i nc l ude s :  
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- Goa l  a nd s c ope  de f i ni t i on of  LCA;  
- Inve nt or y a na l ys i s  ( LCI) ;  
- Impa c t  a s s e s s me nt  ( LCIA) ;  
- Int e r pr e t a t i on;  
- Re por t i ng a nd c r i t i c a l  r e vi e w;  
- Li mi t a t i ons ;  
- Re l a t i ons hi ps  be t we e n t he  LCA pha s e s , a nd  
- Condi t i ons  f or  us e . 
 
As  pr e s e nt e d i n Fi gur e  1, LCA i s  e s s e nt i a l l y a n i t e r a t i ve  pr oc e s s . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  Sta ge s o f a n LCA in I SO  1 4 0 4 0 :2 0 0 6 .  
 
LCA c a n be  a ppl i e d t o a  s i ngl e  pr oduc t  or  t o a n a s s e mbl y of  pr oduc t s , s uc h a s  a  bui l di ng. For  
bui l di ng a nd ot he r  c ons t r uc t i ons  ( B/ C)  t he  ge ne r a l  f r a me wor k f or  LCA i nvol ve s  t he  f ol l owi ng 
goa l s  a nd LCA s t e ps  ( K ot a j i , Sc huur ma ns  & Edwa r ds , 2003) :  
1)  T he  l i f e c yc l e  of  t he  B/ C i s  de s c r i be d. W ha t  i s  i nc l ude d i n t he  s t udy wi l l  de pe nd on t he  
s c ope . It  ma y i nc l ude  how t he  B/ C i s  c ons t r uc t e d, us e d, ma i nt a i ne d a nd de mol i s he d a nd 
wha t  ha ppe ns  t o t he  wa s t e  ma t e r i a l s  a f t e r  de mol i t i on. T he s e  a r e  pr oc e s s e s  t ha t  c ont r i but e  
t o t he  l i f e -c yc l e  pe r f or ma nc e  of  a  B/ C, but  whi c h wi l l  not  be  i nc l ude d i n a l l  s t udi e s . 
2)  T he  B/ C i s  “ br oke n down”  t o t he  bui l di ng ma t e r i a l  a nd c ompone nt  c ombi na t i ons  
( BM CCs )  l e ve l . T hi s  i s  t he  c ompos i t i on of  t he  B/ C t o be  a na l ys e d. T he  wa y i n whi c h t he  
BM CCs  a r e  de f i ne d i s  not  ne c e s s a r i l y i mpor t a nt ;  wha t  ma t t e r s  i s  t ha t  t he  B/ C i s  c om-
pl e t e l y de s c r i be d t hr ough t he  a ddi t i on of  t he  BM CCs . 
3)  For  e a c h BM CC, t he  LCA of  t he  pr oduc t i on pr oc e s s  ( c r a dl e -t o-ga t e )  i s  c a r r i e d out . T he i r  
LCAs  ma y i nc l ude  t he  t r a ns por t  pr oc e s s e s  t o t he  B/ C s i t e , t he  c ons t r uc t i on pr oc e s s , t he  
ope r a t i on a nd ma i nt e na nc e  pr oc e s s e s , t he  de mol i t i on pr oc e s s e s , a nd t he  wa s t e  t r e a t me nt  
pr oc e s s e s  f or  e a c h of  t he  wa s t e  ma t e r i a l s  de f i ne d i n t he  B/ C mode l . T hi s  woul d be  a  c r a -
dl e -t o-gr a ve  a na l ys i s . 
4)  T he  BM CC-LCA r e s ul t s  a r e  a dde d t oge t he r , r e s ul t i ng i n t he  LCA of  t he  B/ C. T he  va r i -
ous  BM CC-LCAs  s houl d be  c a r r i e d out  c ons i s t e nt l y a c c or di ng t o t he  goa l  a nd s c ope . 
2 T HE DEV OLOPM ENT  OF T HE LCA DAT ABASE 
2.1 Environmental impact categories 
T he  numbe r  a nd t ype  of  e nvi r onme nt a l  i mpa c t  c a t e gor y i ndi c a t or s  a r e  di f f e r e nt  i n t he  s e ve r a l  
s us t a i na bl e  a s s e s s me nt  me t hods . T he r e  i s  a  wi de  r a nge  of  i mpa c t  c a t e gor y i ndi c a t or s , nor ma l l y 
c a t e gor i ze d a c c or di ng t o t he  e ndpoi nt s  or  t he  mi dpoi nt s . Endpoi nt s  a r e  a l s o known a s  da ma ge  
Goa l a n d  sc op e 
d efi n i t i on  
In ven t ory     
a n a lysi s 
Imp a c t            
a ssessmen t  
Interpretation 
Direct applications: 
- Prod u c t  d evelop men t  a n d  i mp rove-
men t ;  
- St ra t egi c  p la n n i n g;  
- Pu b li c  p oli c y ma k i n g;  
- M a rk et i n g;  
- Ot h er.  
Life cycle assessment framework 
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c a t e gor i e s  a nd e xpr e s s  t he  e f f e c t  of  t he  pr oduc t  i n t he  Huma n He a l t h, Ec os ys t e ms  Qua l i t y, Cl i -
ma t e  Cha nge  a nd Re s our c e s . LCA me t hods  t ha t  us e  t hi s  t ype  of  i mpa c t  c a t e gor i e s  a r e  da ma ge  
or i e nt e d a nd t he y t r y t o mode l  t he  c a us e -e f f e c t  c ha i n up t o t he  e ndpoi nt , or  da ma ge , s ome t i me s  
wi t h hi gh unc e r t a i nt y. T he  mi dpoi nt s , a l s o r e f e r r e d a s  i ndi c a t or s , a r e  t he  me a s ur e s  be t we e n t he  
e mi s s i ons  a nd r e s our c e  e xt r a c t i on pa r a me t e r s  f r om l i f e -c yc l e  i nve nt or y ( LCI)  a nd t he  da ma ge  
c a t e gor i e s . T he s e  i mpa c t  c a t e gor i e s  a r e  us e d i n t he  c l a s s i c  i mpa c t  a s s e s s me nt  me t hods  t o qua n-
t i f y t he  r e s ul t s  i n t he  e a r l y s t a ge  i n t he  c a us e -e f f e c t  c ha i n t o l i mi t  t he  unc e r t a i nt i e s . M i dpoi nt s  
us e s  t o gr oup LCI r e s ul t s  i n t he  s o-c a l l e d mi dpoi nt  c a t e gor i e s  a c c or di ng t o t he me s  a s  “ de s t r uc -
t i on of  t he  s t r a t os phe r i c  ozone  l a ye r ” , “ a c i di f i c a t i on of  l a nd a nd wa t e r  r e s our c e s ”  or  “ gl oba l  
wa r mi ng” . 
LCA c a n be  i nc or por a t e d i nt o r a t i ng s ys t e ms  f or  bui l di ngs  t o qua nt i f y e nvi r onme nt a l  bur de ns  
a s s oc i a t e d wi t h t he  ma nuf a c t ur e  of  bui l di ng pr oduc t s . Suc h bur de ns  i nc l ude  t he  c ons umpt i on of  
pr i ma r y r e s our c e s  a nd t he  out put  of  ga s e ous , l i qui d, a nd s ol i d wa s t e s . M os t  of  t he  r a t i ng s ys -
t e ms  us e  mi dpoi nt  i mpa c t  c a t e gor i e s  but  do not  a s s e s s  t he  B/ C’ s  e nvi r onme nt a l  pe r f or ma nc e  i n 
a  LCA c ons i s t e nt  wa y, be c a us e  t he y do not  i nc l ude  LCA-ba s e d i ndi c a t or s .  
T hr e e  e xa mpl e s  of  r a t i ng t ool s  t ha t  i nt e gr a t e s  LCA-ba s e d Envi r onme nt a l  Pe r f or ma nc e  Cr i t e -
r i a  a r e :  SBT ool , Gr e e n Gl obe s  a nd Code  f or  Sus t a i na bl e  Home s . Ne ve r t he l e s s , t he y us e  a  s i m-
pl i f i e d LCA a ppr oa c h t o pr omot e  i t s  pr a c t i c a l  us e .  
SBT ool  i nc or por a t e s  LCA i nt o i t s  c r i t e r i a  a s  r e f e r r e d i n T a bl e  1. T he  e nvi r onme nt a l  pe r -
f or ma nc e  i s  ba s e d on t he  e mbodi e d e ne r gy of  bui l di ng pr oduc t s  a nd a s s e mbl i e s , qua nt i f i e d pe r  
uni t  f l oor  a r e a  ( i i SBE, 2007) . Us e r  c a n bot h s e l e c t  t he  LCI da t a  or  a n e xt e r na l  LCA t ool  t o c a l -
c ul a t e  t he  e mbodi e d e ne r gy ( La r s s on, 2007) .   
Gr e e n Gl obe s  i nc or por a t e s  LCA i nt o s e ve r a l  of  t he  us e d c r i t e r i a , a s  out l i ne d i n T a bl e  1. LCI 
da t a  f or  bui l di ng ma t e r i a l s  a r e  de ve l ope d by t he  ASM I ( GBI, 2008) . Howe ve r , doc ume nt a t i on 
de s c r i bi ng t he  me t hodol ogy i n whi c h poi nt s  a r e  a wa r de d ba s e d on LCI da t a  i s  not  publ i c l y 
a va i l a bl e .  
Code  f or  Sus t a i na bl e  Home s  e nc our a ge s  t he  us e , i n hous i ng c ons t r uc t i on, of  ma t e r i a l s  t ha t  
ha ve  l e s s  i mpa c t  on t he  e nvi r onme nt , t a ki ng a c c ount  of  t he  f ul l  l i f e  c yc l e  ( BRE, 2008) . T he  
c r e di t s  a r e  obt a i ne d f or  c hoos i ng a  s pe c i f i e d pr opor t i on of  ma j or  bui l di ng e l e me nt s  t ha t  ha ve  a  
hi gh e nvi r onme nt a l  pe r f or ma nc e . T o a s s i s t  t he  us e r , t he  s ys t e m i nt e gr a t e s  a  ha ndbook t ha t  pr o-
vi de s  a  “ gr e e n”  gui de  t o s pe c i f i c a t i on of  c ons t r uc t i on ma t e r i a l s  f or  hous i ng whi c h i s  bot h e a s y 
t o us e  a nd s oundl y ba s e d on LCA s t udi e s  of  t he  e nvi r onme nt a l  i mpa c t s  of  di f f e r e nt  ma t e r i a l s  
( Ande r s on & Howa r d, 2006) .  
Unl i ke  t he  t hr e e  pr e s e nt e d r a t i ng s ys t e ms , a n e xa mpl e  of  a  popul a r  r a t i ng t ool  t ha t  doe s  not  
i nc or por a t e  LCA c r i t e r i a  i s  LEED. Ra t he r , t he  c r i t e r i a  f or  bui l di ng pr oduc t s  a r e  ba s e d on pe r -
c e nt a ge  r e qui r e me nt s  e s t a bl i s he d t hr ough pi l ot  pr oj e c t s  c onduc t e d i n t he  l a t e  1990s  ( Br own, 
2008) . 
T he  di f f e r e nc e s  be t we e n t he  e nvi r onme nt a l  i mpa c t  a s s e s s me nt  a ppr oa c h i n t he  s e ve r a l  r a t i ng 
me t hods  – be c a us e  s ome  of  t he m a r e  not  LCA-ba s e d, not  ba s e d i n a  r e l i a bl e  LCA me t hod ( be -
c a us e  do not  i nt e gr a t e  t he  mos t  c ommon i mpa c t  c a t e gor i e s )  or  do not  s ha r e  t he  s a me  i mpa c t  
c a t e gor i e s  – di f f i c ul t  t he  c ompa r i s on of  r e s ul t s  f r om di f f e r e nt  r a t i ng s ys t e ms .  
T he  goa l  of  t he  wor k unde r t a ke n by CEN/ T C 350 s t a nda r di za t i on ma nda t e  i s  t o ove r c ome  
t hi s  pr obl e m a t  t he  Eur ope a n l e ve l , t hr ough t he  de ve l opme nt  of  a n a ppr oa c h t o vol unt a r y pr o-
vi di ng e nvi r onme nt a l  i nf or ma t i on f or  s uppor t i ng t he  s us t a i na bl e  wor ks  on c ons t r uc t i on. T he  
wor ki ng doc ume nt  ( T C 350 W I 002)  s e t s  t he  e nvi r onme nt a l  i ndi c a t or s  t ha t  s houl d be  us e d i n 
t he  Eur ope a n bui l di ng s us t a i na bi l i t y a s s e s s me nt  me t hods . T he  a i m of  t he  l i s t  of  t he  i mpa c t  
c a t e gor i e s  i s  t o r e pr e s e nt  a  qua nt i f i e d i ma ge  of  t he  e nvi r onme nt a l  i mpa c t s  a nd a s pe c t s  c a us e d 
by t he  obj e c t  of  a s s e s s me nt  dur i ng i t s  whol e  l i f e  c yc l e . As  r e f e r r e d i n T a bl e  2, a c c or di ng t o t he  
f ut ur e  CEN s t a nda r d t he  a s s e s s me nt  of  t he  e nvi r onme nt a l  pe r f or ma nc e  of  a n bui l di ng s houl d be  
ma de  t hr ough t he  e va l ua t i on of  f i ve  qua nt i f i e d i ndi c a t or s  f or  e nvi r onme nt a l  i mpa c t s  e xpr e s s e d 
wi t h t he  i mpa c t  c a t e gor i e s  of  t he  l i f e  c yc l e  i mpa c t  a s s e s s me nt  ( LCA)  a nd ni ne  qua nt i f i e d i ndi -
c a t or s  f or  e nvi r onme nt a l  a s pe c t s  e xpr e s s e d wi t h da t a  de r i ve d f r om LCI a nd not  a s s i gne d t o t he  
i mpa c t  c a t e gor i e s  of  LCA.  
T he  a s s e s s me nt  a ppr oa c h of  t hi s  f ut ur e  CEN s t a nda r d i s  a ppl i c a bl e  t o ne w a nd e xi s t i ng 
bui l di ngs . It  pr ovi de s  a  c a l c ul a t i on me t hod t ha t  c ove r s  a l l  s t a ge s  of  t he  bui l di ng l i f e  c yc l e  ( a s -
s e mbl y, ope r a t i on a nd di s a s s e mbl y pha s e s )  a nd t he  l i s t  of  e nvi r onme nt a l  i ndi c a t or s  i s  de ve l ope d 
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i n s uc h wa y t ha t  pot e nt i a t e s  t he  us e  of  t he  LCI da t a  i s s ue d f r om Envi r onme nt a l  Pr oduc t  De c l a -
r a t i ons  ( EPD) .  
 
T a b le  1 : SB T o o l,  G r e e n G lo b e s a nd  Co d e  fo r  Susta ina b le  H o me s LCA-b a se d  E nvir o nme nta l P e r fo r ma nc e  
Cr ite r ia  ( O p tis,  2 0 0 5 ) .  
Ra ting syste m Ca te go r y Aim Cr ite r ia  
SB T o o l N o n-r e ne wa b le  p r ima r y 
e ne r gy e mb o d ie d  in 
c o nstr uc tio n ma te r ia ls 
T o  minimiz e  the  e m-
b o d ie d  p r ima r y e ne r gy 
use d  in the  b uild ing 
M e e t thr e sho ld  fo r  e m-
b o d ie d  e ne r gy o f str uc -
tur e ,  e nve lo p e  a nd  ma -
j o r  inte r io r  a sse mb lie s,  
a s d e te r mine d  b y LCA 
G r e e n G lo b e s Lo w I mp a c t Syste m a nd  
M a te r ia ls 
T o  se le c t ma te r ia ls with 
the  lo we st life  c yc le  e n-
vir o nme nta l b ur d e ns 
a nd  e mb o d ie d   
Se le c t ma te r ia ls fo r  
str uc tur a l,  r o o f a nd  e n-
ve lo p e  a sse mb lie s tha t 
r e fle c t the  r e sults o f a  
‘b e st r un’ LCA 
 M inima l Co nsump tio n 
o f Re so ur c e s 
T o  c o nse r ve  r e so ur c e s 
a nd  minimiz e  the  e n-
e r gy a nd  e nvir o nme nta l 
b ur d e ns o f e xtr a c ting 
a nd  p r o c e ssing no n-
r e ne wa b le  ma te r ia ls 
Sp e c ify ma te r ia ls fr o m 
r e ne wa b le  so ur c e s tha t 
ha ve  b e e n se le c te d  
b a se d  o n a  LCA  
 
Sp e c ify lo c a lly ma nu-
fa c tur e d  ma te r ia ls tha t 
ha ve  b e e n se le c te d  
b a se d  o n a  LCA 
Co d e  fo r  Susta ina b le  
H o me s 
E nvir o nme nta l imp a c t 
o f ma te r ia ls 
T o  e nc o ur a ge  the  use  o f 
ma te r ia ls with lo we r  
e nvir o nme nta l imp a c ts 
o ve r  the ir  life c yc le .  
Cr e d its a r e  a wa r d e d  d e -
p e nd ing o n the  LCA 
p e r fo r ma nc e  p r o file s o f 
the  b uild ing ma te r ia ls 
a nd  c o mp o ne nts use d  in 
the  b uild ing.  
 
 
T a b le  2 .  Q ua ntifie d  ind ic a to r s fo r  e nvir o nme nta l imp a c ts/a sp e c ts a sse ssme nt a c c o r d ing to  CE N  T C 3 5 0  
W G 1  N 0 0 2   –  W o r king D r a ft.  
E nvir o nme nta l imp a c ts e xp r e sse d  with the  
imp a c t c a te go r ie s o f LCA 
E nvir o nme nta l a sp e c ts e xp r e sse d  with d a ta  
d e r ive d  fr o m LCI  a nd  no t a ssigne d  to  the  
imp a c t c a te go r ie s o f LCA 
• Clima te  c ha nge  e xp r e sse d  a s G lo b a l 
W a r ming P o te ntia l; 
• D e str uc tio n o f the  str a to sp he r ic  o z o ne  
la ye r ; 
• Ac id ific a tio n o f la nd  a nd  wa te r  r e -
so ur c e s; 
• E utr o p hic a tio n; 
• Fo r ma tio n o f gr o und  le ve l o z o ne  e x-
p r e sse d  a s p ho to c he mic a l o xid a nts.  
• U se  o f no n-r e ne wa b le  r e so ur c e s o the r  
tha n p r ima r y e ne r gy; 
• U se  o f r e c yc le d /r e use d  r e so ur c e s o the r  
tha n p r ima r y e ne r gy; 
• U se  o f no n-r e ne wa b le  p r ima r y e n e r gy;                                      
• U se  o f r e ne wa b le  p r ima r y e n e r gy;                                               
• U se  o f fr e shwa te r  r e so ur c e s; 
• N o n-ha z a r d o us wa ste  to  d isp o sa l; 
• H a z a r d o us wa ste  to  d isp o sa l; 
• N uc le a r  wa ste  ( se p a r a te d  fr o m ha z a r d o us 
wa ste ) .  
 
In f ut ur e , a l l  s t a nda r di ze d Eur ope a n s us t a i na bi l i t y a s s e s s me nt s  s houl d c ons i de r  t he  s a me  l i s t  of  
i ndi c a t or s , t he  ne w s us t a i na bi l i t y r a t i ng s ys t e ms  s houl d be  c ons i s t e nt  wi t h i t  a nd i t  i s  e xpe c t e d 
t ha t  t he  e xi s t i ng one s  wi l l  be  a da pt e d t o t hi s  ne w a ppr oa c h. T he  Por t ugue s e  bui l di ng s us t a i n-
a bi l i t y a s s e s s me nt  me t hod ( SBT ool PT )  i t  i s  a l r e a dy upda t e d a c c or di ng t o t he  r e qui r e me nt s  of  
t hi s  f ut ur e  s t a nda r d. T he r e f or e  t he  de ve l ope d LCA da t a ba s e  c ove r s  t he  f i ve  e nvi r onme nt a l  i ndi -
c a t or s  e xpr e s s e d wi t h t he  e nvi r onme nt a l  i mpa c t s  of  LCA t oge t he r  wi t h t he  e mbodi e d e ne r gy i n 
t he  ma t e r i a l s  a nd c ons t r uc t i on t e c hnol ogi e s . 
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2.2 Considered life-cycle phases 
A t ypi c a l  l i f e  c yc l e  of  a  bui l di ng c a n be  s e pa r a t e d i nt o t hr e e  di s t i nc t  pha s e s , e a c h c ons i s t i ng of  
one  or  s e ve r a l  l i f e  c yc l e  s t a ge s , a s  i l l us t r a t e d i n Fi gur e  2. T he  a s s e mbl y pha s e  r e f e r s  t o t he  c ol -
l e c t i on of  r a w ma t e r i a l s  t hr ough r e s our c e  e xt r a c t i on or  r e c yc l i ng, t he  ma nuf a c t ur e  of  t he s e  r a w 
ma t e r i a l s  i nt o pr oduc t s , t he  a s s e mbl y of  pr oduc t s  i nt o a  bui l di ng, t he  r e pl a c e me nt  of  bui l di ng 
pr oduc t s  a nd a s s e mbl i e s , a nd i nt e r me di a t e  t r a ns por t a t i on. T he  ope r a t i on pha s e  r e f e r s  t o he a t i ng 
a nd e l e c t r i c i t y r e qui r e me nt s , wa t e r  s e r vi c e s  a nd ot he r  s e r vi c e s  e xc l udi ng ma t e r i a l  r e pl a c e me nt . 
T he  di s a s s e mbl y pha s e  r e f e r s  t o t he  de c ommi s s i oni ng a nd de mol i t i on of  t he  bui l di ng, t he  di s -
pos a l / r e c yc l i ng/ r e us e  of  bui l di ng pr oduc t s  a nd a s s e mbl i e s , a nd i nt e r me di a t e  t r a ns por t a t i on 
s t e ps . Ea c h l i f e  c yc l e  s t a ge  c a n c ons i s t  of  ma ny uni t  pr oc e s s e s . 
 
 
 
Figur e  2 .  Life  c yc le  o f a  b uild ing ( O p tis,  2 0 0 5 ) .  
 
T he  LCA da t a ba s e  f or  bui l di ng t e c hnol ogi e s  c ove r s  t he  “ c r a dl e -t o-ga t e ”  i mpa c t s , i .e . t he  e nvi -
r onme nt a l  i mpa c t s  f r om t he  r a w ma t e r i a l  e xt r a c t i on t o t he  ma nuf a c t ur i ng of  bui l di ng pr oduc t s  
a nd a s s e mbl i e s  a nd t he  di s a s s e mbl y pha s e . Addi t i ona l l y t he  da t a ba s e  c ove r s  t he  e nvi r onme nt a l  
i mpa c t s  de r i ve d f r om t he  t r a ns por t  of  t he  de mol i t i on wa s t e  t o t he  t r e a t me nt  uni t s  a nd wi t h i t s  
t r e a t me nt . T he  c ons i de r e d pr oc e s s e s  a r e  hi ghl i ght e d i n Fi gur e  2.  
2.3 Quantification of the environmental indicators 
T he  t wo mos t  i mpor t a nt  ba r r i e r s  t o t he  qua nt i f i c a t i on of  t he  e nvi r onme nt a l  i ndi c a t or s  a nd t he r e -
f or e  t o t he  i nc or por a t i on of  LCA i n r a t i ng s ys t e ms  a r e :  a  l a c k of  LCI da t a  f or  a l l  bui l di ng pr od-
uc t s  a nd t he  i nhe r e nt  s ubj e c t i vi t y of  LCA. Envi r onme nt a l  Pr oduc t  De c l a r a t i ons  ( EPD)  a r e  a  
good s our c e  of  qua nt i f i e d i nf or ma t i on of  LCI e nvi r onme nt a l  i mpa c t  da t a . In or de r  t o pot e nt i a t e  
t he i r  us e , r a t i ng s ys t e ms  s houl d be  ba s e d i n t he  s a me  LCA c a t e gor i e s , a s  s t a t e d i n t he  f ut ur e  
CEN s t a nda r d. Ne ve r t he l e s s , a t  t he  mome nt , t he r e  a r e  i mpor t a nt  l i mi t a t i ons  on t hi s  a ppr oa c h, 
s i nc e  t he r e  i s  onl y a  s ma l l  numbe r  of  c ompa ni e s  e i t he r  ha vi ng or  ma ki ng publ i c l y t he  EPD of  
t he i r  pr oduc t s . T he  s ol ut i on pr opos e d t o ove r c ome  t hi s  pr obl e m i s  t o de ve l op a nd us e  da t a ba s e s  
wi t h t he  LCA da t a  of  t he  mos t  us e d bui l di ng ma t e r i a l s  a nd c ompone nt s . T he  de ve l ope d da t a -
ba s e  i s  c ont i nuous l y upda t e d a nd c ove r s  c ommon bui l di ng t e c hnol ogi e s  f or  e a c h bui l di ng e l e -
me nt  ( f l oor s , wa l l s , r oof s  a nd wi ndows , door s ) , t he  mos t  us e d bui l di ng ma t e r i a l s  a nd t he  i m-
pa c t s  of  ope r a t i ng mos t  c ommon a c c l i ma t i za t i on e qui pme nt s .  
T he  e nvi r onme nt a l  i ndi c a t or s  we r e  qua nt i f i e d us i ng t he  Si ma Pr o s of t wa r e  a nd s e ve r a l  LCI 
da t a ba s e s  wi t h t he  a ve r a ge  e nvi r onme nt a l  i mpa c t s  of  e a c h us e d bui l di ng ma t e r i a l  ( e .g. Ec oIn-
ve nt , IDEM AT  2001, e t c .) .  Fi gur e  3, pr e s e nt s  how t he  i nf or ma t i on i s  or ga ni ze d i n t he  LCA da -
t a ba s e  f or  a  bui l di ng c ompone nt  a nd t he  l i s t  of  e nvi r onme nt a l  i ndi c a t or s  a nd LCA me t hods  
us e d t o qua nt i f y i t . In t he  da t a ba s e  of  t he  bui l di ng c ompone nt s  t he  qua nt i f i c a t i on i s  pr e s e nt e d 
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pe r  e a c h c ompone nt ’ s  uni t  of  a r e a  ( m 2 )  a nd i n t he  ma t e r i a l s  da t a ba s e  va l ue s  a r e  a va i l a bl e  pe r  
e a c h uni t  of  ma s s  ( kg) . Qua nt i f i c a t i on i s  pr e s e nt e d f or  t wo l i f e -c yc l e  s t a ge s :  “ c r a dl e  t o ga t e ”  
a nd “ de mol i t i on/ di s pos a l ” . SBT ool PT  us e s  a  bot t om-up up a ppr oa c h i n t he  qua nt i f i c a t i on of  t he  
whol e  bui l di ng e nv i r onme nt a l  pe r f or ma nc e . T he  qua nt i f i c a t i on be gi ns  a t  t he  l e ve l  of  t he  e m-
bodi e d e nvi r onme nt a l  i mpa c t s  i n bui l di ng ma t e r i a l s  a nd e nds  a t  t he  whol e  bui l di ng s c a l e . T a bl e  
3 i l l us t r a t e s  t he  pr i nc i pl e  of  c a l c ul a t i on of  t he  t ot a l  e nvi r onme nt a l  of  t he  bui l di ng l i f e  c yc l e  us -
i ng t he  da t a  i s s ue d i n t he  SBT ool PT  LCA da t a ba s e . 
 
B u i ld i n g  
c omp on en t : H ollow b ri c k  c a vi t y wa ll (1 5 c m+ 1 1 c m) wi t h  t h erma l i n su la t i on  i n  t h e a i r c a vi t y 
R ef: 
Wa ll 1  
E n v i r o n m e n t a l  i m p a c t  c a t e g o r i e s  o f  L C A  E m b o d i e d  e n e r g y  Li fe c yc le 
st a ges A D P 1  G W P 2  O D P 3  A P 4  P O C P 5  E P 6  N R 7  R 8  
C ra dle -to-
ga te  3. 70E-01 9. 53E+ 01 1. 02E-04 1. 91E-01 1. 13E-02 2. 54E-02 8. 68E+ 02 1. 01E+ 02 
D is ma ntling 
a nd dis pos a l 2. 08E-01 3. 17E+ 01 5. 00E-06 1. 42E-01 5. 40E-03 2. 95E-02 4. 75E+ 02 2. 83E+ 00 
 Tota l 5. 78E-01 1. 27E+ 02 1. 07E- 04 3. 33E-01 1. 67E-02 5. 49E-02 1. 34E+ 03 1. 04E+ 02 
C ommen t s: 
Considered materials: H o l l o w  b r i c k ,  X P S  ( t h e r m a l  i n s u l a t i o n )  a n d  P o r t l a n d  c e m e n t  
m o r t a r  
LCA methods: C M L  2  b a s e l i n e  2 0 0 0  m e t h o d  ( v e r s i o n  2 . 0 4 ,  t o  q u a n t i f y  t h e  e n v i -
r o n m e n t a l  i m p a c t  c a t e g o r i e s  o f  L C A  )  a n d  C u m u l a t i v e  E n e r g y  D e m a n d  ( v e r s i o n  
1 . 0 4 ,  t o  e v a l u a t e  t h e  e m b o d i e d  e n e r g y )  
LCI librarie(s): E c o i n v e n t  s y s t e m  p r o c e s s  
Not es: 
1 Ab i ot i c  d ep let i on  p ot en t i a l i n  k g Sb  eq u i va len t s;  
2 Glob a l wa rmi n g p ot en t i a l i n  k g C O 2 eq u i va len t s;  
3 Ozon e d ep let i on  p ot en t i a l i n  k g C FC -1 1  eq u i va len t s;  
4 Ac i d i fi c a t i on  p ot en t i a l i n  k g SO 2  eq u i va len t s;  
5 Ph ot oc h emi c a l ozon e c rea t i on  p ot en t i a l k g C 2 H 4 eq u i va len t s;  
6 E u t rop h i c a t i on  p ot en t i a l i n  k g PO 4  eq u i va len t s;  
7 Non -ren ewa b le emb od i ed  en ergy i n  M J eq u i va len t s;  
8 R en ewa b le emb od i ed  en ergy i n  M J eq u i va len t s.  
 
Figur e  3 .  P a r t o f the  SB T o o l PT  LCA d a ta b a se .  
 
T a b le  3 .  P r inc ip le  o f the  q ua ntific a tio n o f the  who le  b uild ing’s life  c yc le  e nvir o nme nta l imp a c ts.  
B u i ld i n g 
C omp on en t  ( C i ) 
Area   
(m 2 )   LC A i n d i c a t ors  
C 1 A 1 x AD P 1 /m 2  G W P 1 /m 2  O D P 1 /m 2  AP 1 /m 2  PO C P 1 /m 2  EP 1 /m 2  N R 1 /m 2  R 1 /m 2  
   +  +  +  +  +  +  +  +  
( … )  ( … )  x ( … )  ( … )  ( … )  ( … )  ( … )  ( … )  ( … )  ( … )  
   +  +  +  +  +  +  +  +  
C n A n  x AD P n /m 2  G W P n /m 2  O D P n /m 2  AP n /m 2  PO C P n /m 2  EP n /m 2  N R n /m 2  R n /m 2  
 =  =  =  =  =  =  =  =  
Wh ole b u i ld i n g emb od i ed  
en vi ron men t a l i mp a c t s  AD P’ e  G W P’ e  O D P’ e  AP’ e  PO C P’ e  EP’ e  N R ’ e  R ’ e  
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ 
Time  bounda ry of the  LC A a s s e s s me nt 
÷ ÷ ÷ ÷ ÷ ÷ ÷ ÷ 
N e t floor a re a  of the  building 
 
=  =  =  =  =  =  =  =  
Wh ole b u i ld i n g emb od i ed  
en vi ron men t a l i mp a c t s 
/ m 2 . yea r  
AD P e  G W P e  O D P e  AP e  PO C P e  EP e  N R e  R e  
 +  +  +  +  +  +  +  +  
E n vi ron men t a l i mp a c t s of t h e 
ma i n t en a n c e sc en a ri o  
/ m 2 . yea r 
AD P m G W P m O D P m AP m PO C P m EP m N R m R m 
 +  +  +  +  +  +  +  +  
E n vi ron men t a l i mp a c t s of t h e 
op era t i on a l en ergy u se for 
h ea t i n g a n d  c ooli n g 
/ m 2 . yea r 
AD P o G W P o O D P o AP o PO C P o EP o N R o R o 
 =  =  =  =  =  =  =  =  
Total life cycle impacts of 
the whole building 
/m2.year 
ADP
 
GWP
 
ODP
 
AP
 
POCP
 
EP
 
NR
 
R
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3 CONCLUSIONS 
Al t hough, LCA i s  c ons i de r e d t he  be s t  me t hod a va i l a bl e  t o a s s e s s  t he  e nvi r onme nt a l  pe r f or m-
a nc e  of  a  pr oduc t , i t s  a ppl i c a t i on i n c ons t r uc t i on i s  ve r y c ompl e x. T hi s  i s  be c a us e  t he  huge  
numbe r  of  di f f e r e nt  ma t e r i a l s , a c t or s , pr oc e s s e s  a nd a l s o t he  wi de  l i f e  c yc l e  s pa n of  a  c ons t r uc -
t i on pr oduc t . 
 Ba s e d i n t he  wor k of  CEN T C 350 a nd i n t he  de ve l opme nt  of  t he  Por t ugue s e  s us t a i na bi l i t y 
r a t i ng s ys t e m ( SBT ool PT ) , t hi s  pa pe r  pr e s e nt e d s ome  s ol ut i ons  t o ove r c ome  t he  di f f i c ul t i e s  i n 
t he  i nt e gr a t i on of  mor e  a c c ur a t e  LCA-ba s e d a ppr oa c he s  i s  t he  a s s e s s me nt  of  t he  e nvi r onme nt a l  
pe r f or ma nc e  i n r a t i ng s ys t e ms . T he  de ve l opme nt  by e xpe r t s  of  da t a ba s e s  wi t h t he  LCA da t a  of  
t he  mos t  us e d bui l di ng t e c hnol ogi e s  a nd ma t e r i a l s  i s  a  good s ol ut i on t o i nt e gr a t e  mor e  a c c ur a t e  
a nd LCA-ba s e d a ppr oa c he s , wi t hout  t ur ni ng t he  r a t i ng s ys t e ms  t oo c ompl e x f or  pr a c t i c a l  us e . 
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1 INT RODUCT IO N  
Pr oj ec t  Des i gne rs  ar e  a ware  of  the  i mpor t a nce  of  t he  s us ta i na ble  c ons tr uct i on i n t he  Eur opea n 
Uni on. De si gn s us ta i na ble  a r c hi te c tur e  me a ns  to c re a te  buil di ngs  wit h a  longe r  li fe  c yc l e ,   mor e 
ve r s a ti li t y, but  it  c a n a ls o me a n t o r e ha bil it at e  exi st ing bui l dings  t hru it s  ada pta t ion or  s i mpl e 
ma i nt e na nce . 
Bui l di ng’ s  oper at i on c onsume s  a bout  50%  of  a va il a ble  na t ur al  r es our c e s  a nd is  r e s pons ibl e 
f or  a ppr oxi ma t e l y 40%  of  t he  t ot al  a mount  of  s oli d wa s t e . Bui l di ngs  e ne r gy c ons umpt i on c a n 
r e a ch hi gh le ve l s  ( al t hough 50%  i nfe ri or t o t he l e ve ls  a t ta i ne d i n the  mos t  industr i al i ze d c oun-
t ri e s) , whic h ar e  t he  sourc e  of  mos t  ga s  e mi s s i ons  which a f fe ct  t he  e nvi ronme nt . 
T he e mi s s ion of  CO 2  a nd ot her  ga s e s  wi t h gr e e n hous e  ef f ec t  c a us e s  gl oba l  he at i ng a nd c li -
ma t e  c ha nge s . The  bet  on t he  ne w c ons tr uct ion ve r s us  pr e se r va ti on, re qual if ic at ion a nd r ef ur -
bi s hme nt  of  e xi st i ng, c aus es  a  bi gge r  e nvi r onme nt a l  impa c t  due  to a  bi gge r  e ne rge t i c  c ons ump -
t i on dur ing c ons t ruct i on i nc l udi ng ma t e ri a ls  e mbodi ed e ne r gy a nd i s  r e s ponsi ble f or  s i gnif ic a nt  
e xt ra ct i on of  r oc ks  c aus ing t e rr e st ri al , ma r i ne a nd r i ve r i mpa c t s . 
Fur t he r  mor e , ne w c onst ruct i on oc c upi e s  a nd c re at e s  signi f i c ant  i mpe r vi ous  a r ea s  t hat  a r e  i m-
por ta nt  f or  ma i nt ai ning na tur a l a ss e ts  a nd ba la nce s  of f ot her  huma n a ct i vi ti e s i mpa c t . 
T he ci vi l  c onst r uc ti on s e ct or  a nd Publ i c W or ks  ( CC&OP) , is  gr e at l y r epr es e nt e d by ne w c on-
s t r uc ti on, f ol l owe d, t hough of  mi nor  i mpor t a nc e  by the r ef ur bi s hme nt  of  buil dings , a nd l e ss  por -
t i on by ma i nt e na nce  wor k and r es t or at i on of  hi st ori ca l  monu me nt s . 
In t he  E.U., r et r of itt i ng a nd r ef urbi shi ng bui l di ngs  r epr e se nts  roughl y ha l f of t he  a ct i vit y of 
t he  se ct or  of  c ons tr uct ion. 
P o rtal d e C o n s tru ç ão  S u s ten táv el (P C S ):  
an  o n lin e to o l f o r su s tain ab le d es ig n ers  
M . I. C ab ral  
Associação de Campo da Peneda, Castro Laboreiro. Portugal 
A. Del gado  
Ecotectura, Atelier de Arquitectura Sustentável, Lisbon, Portugal 
ABST RACT:  Sust ai na bl e  de ve l opme nt  r e quir e s  ne w s tr a te gi e s  for  t he  c onst r uc ti on i ndus tr y l i ke 
mor e  i nf or ma t i on, a ddit iona l  t ools  a nd mor e  e mpha s is  on re ha bi lit a ti on of  buil di ngs . The  sus -
t a ina bl e  c onst ruc ti on ma r ke t  i s  gr owi ng f a st  due  t o ne w l e gi s l ati on on e ner gy, wa s t e  ma na ge -
me nt , wa t e r  a nd ma t e ri al s . In  or de r  t o c ope  wi th ne w r e qui r e me nt s, pr ofe s si ona l s ha ve  t o ke e p 
i nf or me d r e gul a rl y a nd e ff ic i e nt l y i n or der  t o ma ke  de c i si ons  on c r uc ia l  des i gn s ol uti ons  a nd al -
s o on how t o s e l ec t  a va il a ble  t e c hnol ogi es  a nd ma t e r ia ls  on t he  ma r ke t . But  a  pr obl e m i s  a r i si ng:  
gr e e n wa s hing i s  a  phe nome non t ha t  is  gr owi ng a nd r e qui r es  quic k a c t ion. One  wa y t o a voi d  
t hat  is  thr u c re di bl e  i nf or ma t ion a nd la bel i ng. In or der  t o c ombi ne  i nfor ma t i on, f or ma t i on a nd 
da t a ba s es , a  s it e  on t he  i nte r net  wa s  c r ea te d i n e ar l y 2009 f or  the  Port ugue s e  ma r ke t - t he  Sus -
t a ina bl e  Const r uc ti on Si te  (PCS) . The  si te  ha s  3 goa ls . T he  f ir st  one  i s  t o provi de  up t o dat e  da ta  
t hat  i s  f re e  t o be  use d. T he  s e c ond i s  t o pr omot e  re ha bi li t at ion i nst ea d of  ne w c ons t r uc ti on. T he 
t hir d is  to c re at e  a  l ink be t we e n the  s us ta i na ble  c ons tr uc t ion i ndust r y a nd de s i gn pr of es si onal s . 
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2 T HE IM PORT ANCE OF REFURB ISHM ENT   
Awa r e  of  t he  i mpor t a nc e  of  t he  r ef ur bi s hme nt  i n a  c ount r y whe r e  t he  Pa tr i mony a l re a dy built 
s ur pas s es  t he  dwel li ng ne e ds  a nd whe r e  t he  ur ba n ce ntre s  a r e , par tl y, va c a nt  ( In Li s bon t her e  a re 
a bout  40.000 va c a nt  home s , i n 2001) , ha vi ng t he  c ity l os t  a bout  30.000 i nha bit a nt s  i n t hi rt y 
ye a r s , due  t o the  e xodus  t owa r ds  t he  subur bs , it  is  our  goa l , wi t h t his  c oope ra ti on t o bri ng a tt e n-
t i on fr om t he   a ut hori ti e s  to t he  i s s ue  of  r ef ur bi s hme nt  of  t he  pat ri mony whi c h c a n c ont ri but e  t o 
a  mor e  s us ta i na ble  c ons tr uct i on. 
T he  r ef urbi shme nt  ma r ke t  i s  now c onsi der e d t o be  e me r gi ng a nd it  i s  t he  r ef l ex of  a n int er na -
t i ona l  te nde nc y. In Eur ope  t his  ma r ke t  r e pr e se nts  36% of  t he  c onst ruc ti on se c tor , a nd i n Por t u-
ga l  i s  onl y 6.5% . The  st at ist i cs  al s o s how tha t  t he numbe r  of  cl a ss if i ed bui l di ngs  is  a bout  4500, 
a c c or di ng t o t he  da t a  f rom t he  IGESPA R ( Ins t i tut e  f or  t he  ma na ge me nt  of  Ar c hit ec t ura l  a nd Ar -
c ha e ol ogi c al  Pa tr i mony) . On t he  ot he r  hand t hi s  ma r ke t  of  r ef urbis hme nt  ha s  pr ove d t o be  a  wa y 
of  f i ghti ng c r is i s  not  onl y by c r e a ti ng ne w j obs , but  al s o f or  it s  c ontr i but ion t o a mor e  s ust a in-
a bl e  de ve l opme nt . 
T he Sust a ina bi li t y of  t he  r ef ur bi s hme nt  ha s  got  se ve r a l a s pec t s:   
• Fi r st l y the  r e fur bi s hme nt  me a ns  a  non-i nc r ea si ng of  t he  a r ea  of  c ons tr uct ion cont ri but -
i ng t o ke e p t he  e xi st i ng a rea  i mpe r me a bl e , a voi di ng t he  “ he at  i s la nd e f fe ct ” . 
• Se c ondl y  r ef urbi shi ng a  bui ldi ng i mpl ie s  t he r e us e of  t he e xi st i ng i nf ra st r uct ur es , 
ma i nl y r oa ds  a nd gut t er s , and whe n t he  r ef ur bis hme nt  i s  done  in t he  ur ba n ar e as  it  c on-
t ri bute s  to de cr e as e  t he  pe ndul um move me nt s , i nc re a sing t he  s e c ur it y i n t he  va c ant  ur -
ba n c entr e s . 
• T hi r dl y r e f ur bis hing a  bui ldi ng i s  a  me a n of  r eus ing a  me a ni ngf ul  pa rt  of  exi st ing ma t e -
r i al s  ( st r uc t ur e , r oof a nd f a ça de ) . 
T he  r e fur bi s hme nt  a ll ows  addi ng t he  c har a ct er is ti c  of  s us ta i na bil it y t o t he  e xi st i ng bui l di ngs, 
i .e ., t o a da pt  t he m wi t h s ola r  pa s si ve  or  hybri d t e chnol ogi e s  a nd al so  i ncl uding c onc e pt s ,  s uch 
a s  t he  r e us e  of  r ec yc l e d ma t e ri al  of  l ow i mpa c t , et c . Thus  t he  e nvi r onme nt al  i mpa c t  of  t he bui l d-
i ng i s  s i gni fi c a ntl y de c r e ase d t ha nks  t o t he  i mpl e me nt at i on of  t he  pas si ve  me a s ur es  t oge t her  
wi t h r e use  of  gr ea t  pa rt  of  exi st i ng ma t e r ia l s. 
T hes e  que st i ons  wer e  ar is en a s  a  r e sult  of  t he e xpe ri me nt s  of  t wo a rc hit ec t s. 
In  t he  a ut hor s  pr a ct ic al  wor k gr e a t  pot e nti a ls  we r e  de t ec t ed, r el at e d to t he  i ntr oduct i on of 
c onc e pt s  of  sus ta i na bil it y in r e fur bi s hme nt . 
3 T HE SUST AINA BLE CO NST RUCT ION S IT E ( PCS)  
 
 
 
 
 
 
 
 
Fig ur e  1 .  T he  P CS site  lo go  
 
T he bes t wa y  t o c onve y i nfor ma t i on t o a ma s s  a udi e nce  in a wa y t ha t i s not  ye t provi de d (or ga n-
i ze d a nd c ompl e t e)  on s us ta i na bl e  const r uc ti on, wa s  to c r e at e  a  fr ee  a c ce s s  si te  whe r e  i nf or ma -
t i on woul d be  se l ec te d but  re f er r ed t o a ll  a spe ct s  of  s us ta i na bil it y. 
T he  e xis ti ng s it e s  i n Port uga l  we r e  a  st ar ti ng poi nt  but  s oon be ca me  ve r y l i mi t ed a nd out dat e d. 
Si t es  on s ust a ina bl e  const ruc ti on ar e  a va i l abl e  i n a  signi f i c ant  numbe r  but  c ommonl y a ppr oa c h 
s pe ci fi c  t he me s  l i ke :  ar c hi te c t ur al  pr oj e ct s , ge ner a li ti es , gl os s ar i es  or  non us a bl e . T her e  i s n`t  one 
t hat  pr ovi des  a ll  t he  i nf or ma t ion i nc l udi ng r e ce nt  r e se ar c h inf or ma t i on, dat a ba s es  or  r et r of itt i ng 
pr oj e c ts . 
 
T he Sust ai na bl e  Cons tr uct ion s it e  ( www.c s ust e nt a ve l .c om )  a i ms  t o be  a  tool f or  the  c ons tr uc -
t i on se ct or  to mo ve  f or wa rd i n a  mor e  s us t ai na bl e  wa y. T hus  it  i s  bas e d on the r e s our c e  a nd 
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a va i l a bi li t y of  i nf or ma t i on on t he  Const r ucti on se c tor  i n Port uga l , pr omot i ng good pr ac ti c es  i n 
c ons tr uct ion a nd r ef urbi shme nt . T he  s it e  i s  t he  vi s i bl e  f a ce  of  t he  Sus t ai nabl e  Re f ur bi s hme nt 
M ove me nt  whos e  c ont ri but i on i s  t o t ur n a r ound t he  ac t ual  te ndenc y of  t he  s ec t or  whi c h pri vi -
l e ge s  the  const r uc ti on ve r sus  re f ur bis hme nt . It s  ot he r goa l  i s t o be come  a n open da ta  bas e  f or 
s us ta i na ble  te c hni ques , ma t e r ia l s a nd t ool s . 
It  a l s o a i ms  t o cr e at e  a  networ k be t we e n s ust a ina bl e  de s i gne rs  a nd t he  s ust ai na bl e  c ons tr uc -
t i on i ndus tr y, i nvol vi ng a l l  s t a ke holde rs  li ke  muni c i pali ti e s , ba nks  a nd uni ve r si ti es. 
T he  s it e  i s  al s o me a nt  t o de mons t r a te  t he  plus  va l ue  of  a  mor e  s ust ai na bl e  c onst r ucti on a nd 
t hat  i t  ma y be c ome  a n i nc ent i ve  t o t he  s us t ai nabl e  r efur bis hme nt  a nd a  c ontr i buti on f or  a  bet te r  
f ut ur e . 
T he  i nf o a ddr es s es  t he me s  l i ke  W a t er , Ai r , Comf or t , Cons t r ucti on, Ene r gy, t e rr it or y ma n -
a ge me nt  a nd W a st e . The  si te  i s  pr es e nt e d as  foll ows : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2 .  T he  P CS site  ma in p a ge  
 
Ea c h the me  c ont a i ns s e ve r al  t opi cs  i nc l udi ng 5 c ommo n i te ms :   
• good pr a ct i ce s , 
• e nvi r onme nt al  i mpa c t s,  
• que s ti onna ir e s,  
• l e gi s la ti on and  
• l i nks  t o pr oduct s 
 
Be s i des  tha t, e ac h t he me  c a n i ncl ude  one  t o t hr ee  s pe c if i c  i te ms  l i ke  s hown on t able  1. 
 
T a b le  1 .   
w a te r  a ir  c o mfo r t  c o nstr u c t io n  e n e r g y  T e rr ito r y ma n -
a ge me nt  
wa ste  
sto r in g  Co n ta m i
ta mi -
na nt s  
Ac o ustic s  Li fe  c yc le  p a s sive  M o b ilit y  Co ns tr uc tio n 
ma na ge me nt  
R e u se  N a tur a l 
ve nt ila -
tio n  
h yd r o -
the r ma l  
ma te r ia ls  r e ne w a b le  O c c up a tio n  O p e r a tio n ma n-
a ge me nt  
  vis ua l   Co ns tr u c -
tio n te c h -
niq ue s  
U r b a n p la nni n g   
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T he s it e  a l so provi de s: 
• a  gl os s ar y,  
• s ome  publ i she d sc ie nti fi c  doc ume nt s ,  
• a r c hi te c tur al  e xa mpl e s ,  
• FAQ`s ,  
• ne ws ,  
• e ve nt s  a nd  
• pa r tne rs  a nd s pons ors . 
T he s it e  i s  f or  fr e e  a c ce s s  but  i n orde r t o ge t f ee dback f r om us e r s , t her e  wil l be a  ques ti on-
na i re  for  us e rs  to c ompl e te . T he  ques ti onna ir e s  a r e  r ela t e d t o a  t he me :  wa t er , ai r , c omf or t , con-
s t r uc ti on, e ner gy, t e r ri tor y ma na ge me nt  a nd wa st e . T he y a r e  me a nt  t o ga the r i nf or ma t i on on t he 
ma r ke t , t he  use r  pr ofi le  a nd a s s es s  t he  wa y t he  si t e  i s  he l pi ng t he  us e r . Dur ing 2009 t he  s it e  was 
moni t or e d on ac c e ss  f re que nc y, t i me  of  us e  a nd us er or i gi n. Dur ing 20010 t he  que s ti onna ir e s 
wi l l  pr ovi de mor e  c ompl e me nt ar y i nf or ma t i on. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e 3 .  T he  P CS site  a c c e ss d ur in g 2 0 0 9 
4 T HE SUST AINA BLE REF URB ISHM ENT  M OV EMENT  (M RS) 
T he  M RS mov e me nt  pr opos e s  a  s e ns it i za ti on f or  t he  r e f ur bi s hme nt  a ll  ove r  t he  c ountr y by t he 
muni c i pa li ti es s , c ompa nie s, ba nks  a nd uni ve r s it ie s . Our  goa l  is  t o cr ea t e  pa rt ners hi ps  wi t h t he 
ke y e nt i t ie s  t o promot e  t hi s  t ype  of  a ppr oa c h t o the  bui lt  pat ri mony.  
 
 
 
Fig ur e  3 .  T he  P CS site  a nd  the  sta ke ho ld e r s to  b e  invo lve d  
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5 ENT IT IES T O BE ADDR ESSED 
5.1 Municipalities 
T he goa l  is  t ha t  T own Counc il s  bec ome  pr omot e r s  of  t he  ne c e ss ar y c ha nge  of  at tit ude s, t hr ough 
a c ti ons of f or ma t i on, whi c h c ontr ibute  to the  s pr ea ding, a wa re ne ss  a nd inf or ma t i on on ur ba n r e -
f ur bi s hme nt  f or  a  mor e  s us t ai na bl e  de ve l opme nt . In or der  t o a c hi e ve  t ha t  i t  wi ll  be  c r uci al  t o 
f i rs t ge t  t he  a tt e nt i on fr om the  T own Counc il s t o t hi s ne w vi s i on i n or de r t o unders t a nd thi s r ea l -
i t y a nd gi ve  t hei r  c ont ri buti on not  onl y c onc er ning t he  publi c  wor ks  but  a l so t he i nf o a nd pr o-
j e ct s  li c e ns e  whe r e mor e  plus  va l ues  ma y be  a ppl ie d suc h as : r educt i on of  t a xat ion f or  t he r ef ur -
bi s hme nt   pr oj e ct s  (a s  i n the  c a s e  of  Li de r A c er ti fi e d bui l di ngs  whi c h det er mi ne  50%  IM I t a x 
r e duct ion in CM L) a nd pr ior it y t o li c e ns i ng of  r ef ur bi shme nt  wor ks . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  4 .  T he  D ia gr a m Le a r ni ng fo r  M u nic ip a litie s  
5.2 Banks 
T he Ba nks  should be  inf orme d on s ust a ina bi li t y is s ues  i n orde r t o pl a y be tt er  t he i r r ol e a s me -
di at or s on housi ng a cquis iti on, e xpl a ini ng the  c once pt of  s ust ai na bl e r ef urbi shme nt , e mpha s i z -
i ng t he  e nvi r onme nt a l  adva nt a ge s  of  r e us ing a nd r e c yc l ing of  Ene r gy Ef f i ci e nc y, Cons e r va t ion 
of  t he  Ene r gy a nd Re ne wabl e  Ener gi e s  (l i ke  CGD, BP I, BCP, BES pr o mot i ng pr ogr a ms  on r e -
ne wa ble  e ner gy i ns t al la ti ons )   T hi s  a war e ne s s  s houl d be  ma de  t hr ough: 
Cr e a ti on of  a  br oc hur e ’s  c ont e nt s  f or  t he  ba nk t o i nc l ude  i n t he  doc ume nt s  f or  t he hous i ng f und-
i ng, whe r e  t he  f oll owing i s  i ncl ude d: 
• Adva nt a ge s  of  bui ldi ng’ s  r ef ur bi s hme nt  and t he ir  loc at ion i n t he  ur ban c e nt re s; 
• Advi c e  f or  t he purc ha se  of a  hous e r e ga r di ng e ner gy  e ff i ci e nc y a nd t her ma l  c omf or t , 
ke e pi ng i n mi nd tha t s us t ai na bl e  c onst r uc ti on s tr at e gie s  a nd use  of  re ne wa bl e  ene r gy 
c a n bec ome  a s s et s  i n the  inve s t me nt ; 
• Br i ef  i nt r oduc ti on to t he  c onc e pts  of  s us t ai nabl e  a nd bi o-c l i ma t i c  c ons tr uct i on and a l s o 
a  bri e f  de sc ri pti on of  re ne wa bl e  e ner gy t ha t  c a n be  appl i ed i n a  re s ide nce ; 
• Pl a c e me nt of  a bove  c ont ent s  on the  Bank s i te  unde r hous e  f i na nci ng whi le  r e fe rri ng t o 
s pe ci fi c  f a ct ors  t o be  t a ke n i nt o c onsi der at i on duri ng hous i ng a c qui si ti on/ re f ur bishme nt   
• Advi s or y a nd f or ma t i on on t he  a dva nt a ge  of  bui l di ng’s  r ef urbi shme nt , s tr e ss i ng is s ue s 
l i ke  e ner gy e f f i ci e nc y, e ne rgy c ons e r va ti on and re us e  of  ur ba n pat ri mony;  
• Le c t ur e s a nd a dvi s or y f or  the  r ea l  e s ta te  a ge nt s who de pe nd on t he  house  fi nanc ing;  
D efinition of 
the concept 
of the urban 
refurbish-
ment ;  
I ntroduction 
of cases of 
sustainable 
ref urbish-
ment;  
Indicators 
for the sus-
tainabilit y of  
the urban re-
furbishment .  
C haracteri-
sa ti on of the 
sustainable 
deve lopment  
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• Ac t s  t o se nsi ti ze , t o gi ve  a dvi c e  a nd t o de ba t e  wit h r ea l  e st a te  a ge nt s  t he  i mpor t anc e  of 
t he  ur ba n r ef ur bi shme nt  a nd t he  r at i oni ng of  r e s our ce s; 
• For ma t i on for  banks  e va l ua t ors , whic h woul d pr ovi de i nf o about  t he  i nher e nt  plus  va l -
ue s  to t he  ques ti ons  r el at e d t o t he  re f ur bis hme nt  of  buildi ngs . 
5.3 Universities 
T he  Uni ve r si ti e s , ma i nl y t he  Col le ge s  of  Ci vi l  Engi nee r i ng a nd Arc hit e ct ur e  ar e  r e s pons ibl e  f or 
t he  pr ofe s si onal  s ki lf ul  of  t he  a ge nts  of  t hi s  ar e a . So t he  t e a chi ng of  sus ta i na bilit y i n t he  c on-
s t r uc ti on s houl d be tr a ns ver s al  t o t he  a ca de mi c  c our se  a nd i t  i s  ne ce s s ar y t o i ncl ude  a t  l e as t  a 
di s ci pl i ne  on ur ba n re ha bi lit a ti on. T o f ul fi l  thi s  ga p Uni ve r s iti e s  would be  pr opose d t o or ga ni ze  
l e ct ure s  or  se mi na r s  whe r e t he me s  li ke  t he  s ust ai na bi lit y i n a  wi der  le ve l  a nd r ef ur bi shme nt  a s  a  
ne e d t o i mpr ove  c onst r uc ti on i n a  mor e  sus ta i na ble  wa y, woul d be dis c us s e d. T hes e  a ct i ons 
woul d i mpe l  ne w c ur ri c ul um a nd di s c ipli ne s  ba se d on t opic s  l i ke : 
• Our  r ol e  in t he  c ons umpt i on of  e ne r gy:  t he  c ons umpt ions  a t  home , t he  us i ng of  t r a ns -
por ts , the  goods  a nd s er vi c es  a va i la ble  f or  the  c ons umpt i on; 
• T he ma i n s pri ng of  e ne r gy i n Por tuga l :  T he  de pe nde nce  of  t he  oi l  a nd the  e nvir onme nt a l  
pr oble ms , whi c h ar e  a s s oc ia t e d; 
• Cl i ma t e  cha nge :  The  gr ee n house  ef f ec t a nd t he  cha nge s  i ntr oduc e d by ma n i n t his  bal -
a nc e; 
• T he Ma n a nd Nat ure :  Be f ore  t he  indust ri al i za ti on M a n c oul d ge t  the  pr ofit  of t he  ene r gy 
of  t he  nat ure ; 
• V er na cul ar  ar c hi te c tur e:  the wa y ma n c oul d ge t  pr ofit  of  t he  a va i la ble  ma t e ri al s ; 
• T he a ct ual  s oc i et y:  T he  a c tua l  ne e ds  of  ene r gy, whi c h ma n s houl d fa c e; 
• T he re ne wa bl e e ner gi e s:  t he  s our c es  of  ene r gy whi c h we  ha ve  a va il a bl e  a nd t he pr ofi t 
t he y r e pr e se nt; 
• T he  c onst r ucti on:  T he  qua li t y i n t he  c onst ruc ti on a nd the  us e  of  t he  c l i ma t e  a s  a  wa y t o  
r e duce  the  e ne r gy ne e ds ; 
• T he s ust ai na bl e  r ef ur bi s hme nt  of  bui l di ngs . 
5.4 Companies 
W it h e xpec t ati on of  i mpe ll ing t he  c ompa ni e s  c onnec ted wi t h t he  c onst r uc ti on s ec tor  t o a ct  i n the 
a r e a  of  s ust a ina bi li t y, i n t he PCS s i te , inf o ma y be  f ound. 
St a rt ing wi t h t hos e  e nt er pris e s  whic h use  e c ol ogi c al  ma t er i al s  t o thos e  whi c h i n t he i r  wor ki ng 
pr a ct ic e  i nc l ude  a n e nvi r onme nt a l  pr e se r va ti on i n the  e nt er pri si ng pol i c y, s ma l l  te xt s  a nd di re ct 
l i nks  wil l be s e nt  t o t hei r pa ge s . T hus  a  ne t  of  i nf o will  be c re at e d, t o s how t he a va i la ble  ma t e ri -
a l s  i n our  ma r ke t , wit hi n t he  a re a  of  s us t ai nabil it y, c onc e r ni ng t he  ur ba n c ons tr ucti on a nd re f ur -
bi s hme nt . T he  dat a ba s e  wi ll  pr ovi de  i nf or ma t i on on e c o-l a be l le d ma t e r ia ls  or  ma t e r i al s  wit h 
EPD`s . So me  c ons ul ti ng c ompa ni e s  on s us t ai nable  c ons t r uc ti on wil l  a ls o be  a va i labl e  on t he  da -
t a bas e . 
6 CONCLUS IONS  
T he PCS si te  ( www.c sus tent a ve l .com )  whi c h i s  pr es ent e d i n t hi s  pa per  c ont ai ns t wo pione er ing 
i nit ia ti ve s :  the  Move me nt  f or  Sust a ina bl e  Re ha bil it at i on ( M RS)  a nd a  i nf or ma t i on a nd t ec hni c al 
da t a ba s e  t hat  suppor t s  t hat M ove me nt . It s  goa l  i s t o pr omot e  a de quat e , re li a bl e  a nd updat e  i n-
f or ma t i on for  a ll  t hat  a r e i nt e re s te d i n t ur ning c onst r uct i on int o a  mor e  s ust ai na bl e i ndus tr y. The 
s i te  wa s de ve l ope d on i nf or ma t i on a vai l abl e i n t he  ma r ke t , pr ofe s si ona l  e xper ienc e  and r e c ent 
r e s ea rc h . T he  s it e  ha s  be e n moni t or e d a nd i t s i mpa c t  wi l l  be  di s cus s ed i n f ut ure  re s e ar c h. 
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1 INT RODUCT ION 
1.1 Energy Analysis 
In r e c e nt  ye a r s  i t  ha s  be e n obs e r ve d a n i nc r e a s e  of  f i na l  e ne r gy c ons umpt i on t o a  ve r y hi gh r a t e , 
pa r t i c ul a r l y i n t he  a r e a s  of  r e s i de nt i a l  bui l di ngs  a nd s e r vi c e s . Cur r e nt l y, t he  bui l di ngs  ( r e s i de n-
t i a l  pl us  s e r vi c e s )  a c c ount  f or  a bout  30%  of  gl oba l  e ne r gy c ons umpt i on i n t he  c ount r y. 
En erg y P erf o rman ce C ertif icatio n  in  P o rtu g al as  a to o l to  ach iev e 
real en erg y s av in g s  in  b u ild in g s  
M anuel  C as qui ço 
ADENE – Portuguese Energy Agency, Portugal 
P aul o S ant os  
ADENE – Portuguese Energy Agency, Portugal 
 
ABST RACT :  T he  Na t i ona l  Sys t e m f or  Ene r gy a nd Indoor  Ai r  Qua l i t y Ce r t i f i c a t i on of  Bui l d-
i ngs  ( SCE)  c a me  i nt o f or c e  on 1 s t  J ul y 2007. T hi s  ma r ke d a  ne w pha s e  i n t he  c ur r e nt  l e gi s l a t i on 
on e ne r gy e f f i c i e nc y of  bui l di ngs  i n Por t uga l  a nd wa s  a  di r e c t  r e s ul t  of  t he  na t i ona l  t r a ns pos i -
t i on of  Di r e c t i ve  2002/ 91/ EC. By t he  e nd of  J une  2009, mor e  t ha n 100 000 e ne r gy c e r t i f i c a t e s  
we r e  r e gi s t e r e d on a  we b ba s e d c e nt r a l  r e gi s t r a t i on s ys t e m t ha t  qua l i f i e d e xpe r t s  mus t  a c c e s s  
a nd us e  t o i s s ue  c e r t i f i c a t e s . About  80%  of  t he s e  c e r t i f i c a t e s  a r e  of  e xi s t i ng bui l di ngs  a nd we r e  
i s s ue d i n t he  f i r s t  s i x mont hs  of  2009. Ar ound 3 000 c e r t i f i c a t e s  f or  ne w bui l di ngs  a nd 15 000 
c e r t i f i c a t e s  f or  e xi s t i ng bui l di ngs  a r e  i s s ue d e ve r y mont h, c ove r i ng ne a r l y a l l  t he  l i c e ns i ng a nd 
s e l l i ng pr oc e s s e s  t ha t  t a ke  pl a c e  i n t he  c ount r y. T hi s  wa y, a  na t i ona l  da t a ba s e  of  c e r t i f i e d bui l d-
i ngs  i s  be i ng f e d wi t h i nf or ma t i on t ha t  i s  be i ng us e f ul  t o moni t or  pr ogr e s s  of  di f f e r e nt  a s pe c t s  
of  t he  i mpl e me nt a t i on of  t he  Di r e c t i ve , f r om ba s i c  s t a t i s t i c s  s uc h a s  t he  numbe r  of  c e r t i f i e d 
bui l di ngs , t o i mpa c t  a s s e s s me nt , i nc l udi ng e s t i ma t e d s a vi ngs . By a na l yzi ng t he  c e r t i f i c a t e s  i s -
s ue d i n Por t uga l  f or  e xi s t i ng bui l di ngs  i n t he  f i r s t  6 mont hs  of  2009, we  c a n s e e   t ha t  a bout  40%  
a r e  r a t e d a bove  t he  t hr e s hol d f or  ne w bui l di ngs  ( B-) . If  a l l  t he  r e c omme nda t i ons  f or  i mpr ove -
me nt s  ma de  by t he  e xpe r t s  i n e a c h c e r t i f i c a t e  we r e  a c t ua l l y i mpl e me nt e d, t he n a bout  86%  of  t he  
e xi s t i ng bui l di ngs  woul d ha ve , a t  l e a s t , t he  s a me  e ne r gy pe r f or ma nc e  a s  ne w bui l di ngs  ( i n t e r ms  
of  pr i ma r y e ne r gy c ons umpt i on pe r  s qua r e  me t e r  of  f l oor  a r e a ) . For  t ha t , a n a ve r a ge  i nve s t me nt  
be t we e n €1250 a nd €6500 pe r  bui l di ng woul d be  r e qui r e d, f or  a n a ve r a ge  pa yba c k pe r i od f or  
i nve s t me nt  of  6 t o 11 ye a r s . And, i n t hi s  s c e na r i o, Por t uga l  c oul d s a ve  a bout  0,4 t oe  of  pr i ma r y 
e ne r gy pe r  bui l di ng pe r  ye a r . Al t hough t he or e t i c a l , t hi s  a na l ys i s  e mpha s i ze s  t he  i mpor t a nc e  of  
i mpl e me nt i ng t he  r e c omme nda t i ons  ma de  by t he  e xpe r t s  i n t he  c e r t i f i c a t e s  a nd how t he s e  
me a s ur e s  ne e d t o go f r om pa pe r  t o pr a c t i c e . T he r e f or e , i t ’ s  now t i me  t o move  f r om pa pe r  t o 
pr a c t i c e . A numbe r  of  pr ogr a ms  a nd a c t i ons  a r e  be i ng pr e pa r e d t o t a ke  r e a l  a c t i on a nd l e a d t o 
a c t ua l  i mpl e me nt a t i on of  t he  e xpe r t ’ s  r e c omme nda t i ons , pa r t i c ul a r l y i n t he  f r a me wor k of  bui l d-
i ng's  r e ha bi l i t a t i on. Onl y t hr ough t he s e  a c t i ons  t he  -/ goa l s  of  t he  Di r e c t i ve  wi l l  be  r e a c he d a nd 
r e a l  e ne r gy s a vi ngs  -/ c a n be  a c hi e ve d.
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Figur e  1 .  E ne r gy c o nsump tio n in P o r tuga l 
 
In t he  Eur ope a n c ont e xt , i t  i s  a l s o t he  ge ne r a l  c ons e ns us  t he  ne e d t o i mpr ove  t he  e ne r gy e f f i -
c i e nc y of  bui l di ngs . T hi s  r e s ul t s  of  t he  c ommon c onc e r ns  of  c ompl i a nc e  wi t h t he  K yot o pr ot o-
c ol  a nd t he  s e c ur i t y of  e ne r gy s uppl i e s , i n a  s c e na r i o whe r e  bui l di ngs  a c c ount  f or  40%  of  gl oba l  
e ne r gy c ons umpt i on. T hi s  l e d t he  Eur ope a n Commi s s i on t o move  f or wa r d i n 2002 wi t h t he  pub-
l i c a t i on of  a n EU Di r e c t i ve  on t he  e ne r gy pe r f or ma nc e  of  bui l di ngs  ( EPBD) .  
Unde r  t hi s  Di r e c t i ve , t he  c ommi s s i on r e qui r e s  t ha t  a n e ne r gy c e r t i f i c a t e  ( EC)  i s  i s s ue d whe n 
a ppl yi ng f or  t he  l i c e ns e  of  a  ne w bui l di ng, a nd whe ne ve r  t he r e  i s  a  c omme r c i a l  t r a ns a c t i on, s a l e  
or  l e a s e  of  a n e xi s t i ng bui l di ng. T he  c e r t i f i c a t e s  s houl d be  va l i d f or  10 ye a r s  a nd t he  c e r t i f i c a -
t i on mus t  be  pr ovi de d by qua l i f i e d e xpe r t s .  
1.2 EPBD implementation in Portugal 
T he  pa r t i a l  t r a ns pos i t i on of  t he  Di r e c t i ve  ha s  be e n put  i nt o f or c e  i n Por t uga l  i n Apr i l  2006 wi t h 
t he  i nt r oduc t i on of  ne w l e gi s l a t i on t ha t  i nc l ude d a  r e vi e w of  t wo e xi s t i ng r e gul a t i ons  r e ga r di ng 
bui l di ngs  t he  RCCT E - Re gul a t i on Cha r a c t e r i s t i c s  of  T he r ma l  Be ha vi or  of  Bui l di ngs  ( DL 
80/ 2006)  a nd t he  RSECE - Re gul a t i on of  Ene r gy Sys t e ms  of  Ene r gy i n Bui l di ngs  ( DL 79/ 2006)  
a nd t he  publ i c a t i on of  a  ne w de c r e e  c onc e r ni ng t he  c e r t i f i c a t i on s ys t e m f or  e ne r gy a nd i ndoor  
a i r  qua l i t y ( SCE) . For  t he  l a t t e r  t he r e  we r e  publ i s he d t wo or di na nc e s , one  t ha t  s e t s  t he  t i mi ng of  
t he  i mpl e me nt a t i on of  t he  SCE ( No 461/ 2007)  a nd t he  ot he r  t ha t  de f i ne s   t he  r e gi s t r a t i on f e e s  
f or  i s s ui ng t he  EC bui l di ngs  f or  hous i ng a nd bui l di ngs  s e r vi c e s  ( No 835/ 2007) .  
Re ga r di ng t he  s c ope  of  a ppl i c a t i on, RCCT E c ove r s  a l l  ne w r e s i de nt i a l  bui l di ngs  ( s i ngl e -
f a mi l y a nd mul t i f a mi l y)  a nd s ma l l  s e r vi c e  bui l di ngs  wi t hout  HV AC s ys t e ms  or  s ys t e ms  wi t h a n 
i ns t a l l e d powe r  i n a i r  e xc e e di ng 25kW .  RSECE c ove r s  a l l  ma j or  c omme r c i a l  bui l di ngs , wi t h 
mor e  t ha n 1000m 2  a nd 500m 2  i n t he  c a s e  of  c e r t a i n s pe c i f i c  t ype s  s uc h a s  s upe r ma r ke t s , hype r -
ma r ke t s , s hoppi ng  c e nt e r s  a nd bui l di ngs  wi t h i ndoor  pool s  a nd e ve n s ma l l  c omme r c i a l  bui l d-
i ngs  a nd hous i ng wi t h a n i ns t a l l e d powe r  i n a i r  e xc e e di ng 25 kW .  
T he  t wo r e gul a t i ons  a r e  i n f or c e  s i nc e  J ul y 2006, r e qui r i ng t ha t  ne w bui l di ng pr oj e c t s  ha ve , 
on l i c e ns i ng pr oc e dur e s , t o i nt e gr a t e  t he  c hi ps  a nd a nne xe s  pr ovi de d, by bot h RCCT E a nd 
RSECE.  
T he  t i me t a bl e  t o i mpl e me nt  t he  SCE i n t he  di f f e r e nt  t ype s  of  bui l di ngs  wa s  di vi de d i nt o t hr e e  
pha s e s , s t a r t i ng wi t h ne w bui l di ngs :   
• In a  f i r s t  s t a ge , c e r t i f i c a t i on wa s  onl y r e qui r e d f or  a l l  ne w r e s i de nt i a l  a nd non-
r e s i de nt i a l  bui l di ngs  wi t h a  f l oor  a r e a  l a r ge r  t ha n 1,000 m 2  a nd t ha t  ha d c ons t r uc t i on 
pe r mi t s  r e que s t e d a f t e r  J ul y 1, 2007;  
• T he  s e c ond pha s e  i nc l ude d a l l  ne w bui l di ngs , r e ga r dl e s s  of  t he i r  f l oor  a r e a , a nd t ha t  
ha d c ons t r uc t i on pe r mi t s  r e que s t e d a f t e r  1s t  J ul y 2008;  
• T he  t hi r d pha s e  s t a r t e d i n J a nua r y 2009 a nd me a nt  f ul l  i mpl e me nt a t i on of  EPBD, t ha t  
i s , a l l  bui l di ngs  a r e  now i nc l ude d i n t he  c e r t i f i c a t i on s ys t e m:  ne w bui l di ngs , ma j or  r e -
nova t i ons , publ i c  bui l di ngs  a nd a l l  bui l di ngs  whe n s ol d or  r e nt e d. 
 
T he  Ene r gy Ce r t i f i c a t e  ( EC)  i s  t he  mos t  vi s i bl e  a s pe c t  of  t he  SCE. T hi s  doc ume nt  wi l l  gi ve  
a n e ne r gy pe r f or ma nc e  ( EP)  l a be l  t o r e s i de nt i a l  a nd non-r e s i de nt i a l  bui l di ngs  a nd i t  ma y l i s t  
me a s ur e s  f or  i mpr ovi ng t he i r  e ne r gy pe r f or ma nc e . 
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T he  e ne r gy l a be l  i n t he  c e r t i f i c a t e  c l a s s i f i e s  t he  bui l di ngs  on a n e f f i c i e nc y s c a l e  r a ngi ng f r om 
A+  ( hi gh e ne r gy e f f i c i e nc y)  t o G ( poor  e f f i c i e nc y) . T hi s  i s  s i mi l a r  t o t he  s c a l e  c ur r e nt l y us e d 
f or  s ome  dome s t i c  a ppl i a nc e s  a nd e qui pme nt  ( a l t hough c l a s s e s  A a nd B a r e  e ve nl y s ubdi vi de d 
i n t o c l a s s e s  A+ , A, B, B-, t o i mpr ove  t he  di s t i nc t i on a mong ne w bui l di ngs  – a l l  ne w bui l di ngs  
mus t  be  i n t he  A+  t o B- c l a s s e s )  a nd i t  a l l ows  f or  e a s y r e a di ng a nd i nt e r pr e t a t i on by t he  c on-
s ume r .  
ADENE i s  t he  ma na gi ng body of  t he  SCE i n Por t uga l , whi c h i s  be i ng s upe r vi s e d by t he  Di -
r e c t or a t e -Ge ne r a l  of  Ene r gy a nd Ge ol ogy a nd t he  Por t ugue s e  Envi r onme nt a l  Age nc y, a nd de -
ve l ope d a  me c ha ni s m t ha t  a l l ows  qua l i f i e d e xpe r t s  t o i s s ue  c e r t i f i c a t e s  on-l i ne , t hus  c r e a t i ng a  
da t a ba s e  of  a l l  c e r t i f i c a t e s  i s s ue d. T he  f ol l owi ng i s  a n a na l ys i s  of  t ha t  da t a ba s e  on t he  c e r t i f i -
c a t e s  i s s ue d unt i l  t he  e nd of  t he  f i r s t  ha l f  of  2009 r e l a t i ng t o r e s i de nt i a l  bui l di ngs  onl y. 
2 DAT A BASE ANALYSIS 
Si nc e  J ul y 2007 unt i l  t he  e nd of  J une  2009, mor e  t ha n 100 000 e ne r gy c e r t i f i c a t e s  we r e  r e gi s -
t e r e d on a  we b ba s e d c e nt r a l  r e gi s t r a t i on s ys t e m t ha t  qua l i f i e d e xpe r t s  mus t  a c c e s s  a nd us e  t o 
i s s ue  c e r t i f i c a t e s . About  80%  of  t he s e  c e r t i f i c a t e s  a r e  of  e xi s t i ng bui l di ngs  a nd we r e  i s s ue d i n 
t he  f i r s t  s i x mont hs  of  2009. Cur r e nt l y, a r ound 3 000 c e r t i f i c a t e s  f or  ne w bui l di ngs  a nd 15 000 
c e r t i f i c a t e s  f or  e xi s t i ng bui l di ngs  a r e  i s s ue d e ve r y mont h, c ove r i ng ne a r l y a l l  t he  l i c e ns i ng a nd 
s e l l i ng pr oc e s s e s  t ha t  t a ke  pl a c e  i n t he  c ount r y.
T hi s  wa y, a  na t i ona l  da t a ba s e  of  c e r t i f i e d bui l di ngs  i s  be i ng f e d wi t h i nf or ma t i on t ha t  wi l l  be  
us e f ul  t o moni t or  pr ogr e s s  of  di f f e r e nt  a s pe c t s  of  t he  i mpl e me nt a t i on of  t he  Di r e c t i ve , f r om ba -
s i c  s t a t i s t i c s  s uc h a s  t he  numbe r  of  c e r t i f i e d bui l di ngs , t o i mpa c t  a s s e s s me nt , i nc l udi ng e s t i -
ma t e d s a vi ngs . Suc h da t a ba s e  wi l l  a l s o be  us e d t o pr oduc e  i nf or ma t i on t ha t  i s  us e f ul  f or  t he  
s oon t o be  s t a r t e d pr oc e s s  of  pe r i odi c  r e vi s i on of  t he  t e c hni c a l  r e gul a t i ons , whe r e  a  pos s i bl e  
t i ght e ni ng of  mi ni mum r e qui r e me nt s , a s  we l l  a s  a  c ha nge  or  opt i mi za t i on of  s ome  ope r a t i ona l  
r ul e s , i s  l i ke l y t o t a ke  pl a c e . 
ADENE s t udi e d t he  EC i s s ue d on t he  f i r s t  s e me s t e r  of  t he  ye a r , a nd c onc l ude d t ha t  t he  ma -
j or i t y of  t he  dwe l l i ngs  ha ve  a  C c l a s s  or  l owe r  a c c or da nc e  wi t h t he  f ol l owi ng di s t r i but i on.  
 
 
Figur e  2 .  E ne r gy Ce r tific a te s in P o r tuga l in e xisting d we llings 
 
As  a l r e a dy s t a t e d, t he  ne w bui l di ngs  ha ve  r e qui r e me nt s  a nd a r e  s ubj e c t  t o r i gor ous  s c r ut i ny 
by t e c hni c a l  e xpe r t s , a nd ha ve  t o e ns ur e  a  mi ni mum e ne r gy c l a s s , c ont r a r y t o wha t  ha ppe ns  t o 
e xi s t i ng bui l di ngs  whe r e  t e na nt s  a r e  r e s pons i bl e  f or  t he  ma i nt e na nc e  a nd t o e ns ur e  a de qua t e  l i v-
i ng c ondi t i ons . It  i s  t hus  ne c e s s a r y t o e xa mi ne  t he  r e a l i t y c ons t r uc t e d be f or e  t he  e nt r y i nt o f or c e  
of  t hi s  ne w l e gi s l a t i on, t o s e e  whi c h bui l di ngs  ha ve  a  gr e a t e r  i ne f f i c i e nc y. 
Chapter 5:  Monitoring and evaluation 
507
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  3 .  E ne r gy Cla ss D istr ib utio n b y D e c a d e  
 
Ana l yzi ng t he  di f f e r e nt  de c a de s , we  obs e r ve d t ha t  s i nc e  1990 t he r e  ha s  be e n a  s l i ght  i mpr ove -
me nt  i n t he  e ne r gy c l a s s  c a us e d by t he  i nt r oduc t i on of  l e gi s l a t i on on t he  t he r ma l  qua l i t y i n r e s i -
de nt i a l  bui l di ngs , a nd t ha t  t he  de c a de  wi t h mor e  bui l di ngs  c ons t r uc t e d wi t h l owe r  e f f i c i e nc y i s  
t he  70’ s  whi c h i s  a l s o t he  de c a de  wi t h mor e  bui l di ngs  c ons t r uc t e d, a c c or di ng t o i nf or ma t i on 
a va i l a bl e  i n INE - Na t i ona l  Ins t i t ut e  of  St a t i s t i c s . 
Ba s e d on t hi s  i nf or ma t i on t he r e  i s  t he  ne e d t o ma ke  c ha nge s  t ha t  e na bl e  e ne r gy s a vi ngs  i n 
home s  bui l t  i n t he  de c a de s  be f or e  t he  i mpl e me nt a t i on of  t he  l e gi s l a t i on a nd t o pr omot e  i m-
pr ove me nt s  i n t he  c ons t r uc t i ons  ma de  i n t he  f ol l owi ng de c a de s , i n or de r  t o ge t  hi ghe r  r a t i ngs  
t ha n t he  l i mi t  s e t  f or  ne w bui l di ngs  of  B-. 
One  of  t he  mos t  i mpor t a nt  a s pe c t s  of  t he  e ne r gy pe r f or ma nc e  c e r t i f i c a t e s  i s  t he  r e c omme nda -
t i on of  i mpr ove me nt  me a s ur e s  by t he  qua l i f i e d e xpe r t . Ana l yzi ng t he  i mpr ove me nt  me a s ur e s  
r e c omme nde d by qua l i f i e d e xpe r t s  i n t he  1s t  ha l f  of  2009, i t  a ppe a r s  t ha t  t he  ma i n i mpr ove me nt  
me a s ur e s  a r e  r e l a t e d t o t he  r e pl a c e me nt  of  e qui pme nt  f or  t he  pr oduc t i on of  hot  wa t e r  ( DHW ) , 
he a t  pumps , gl a zi ng, i ns t a l l a t i on of  s ol a r  t he r ma l  c ol l e c t or s  a nd t he  i nt r oduc t i on of  i ns ul a t i on i n 
f l oor s , r oof s  a nd pi e r s  a c c or di ng t o di s t r i but i on pr e s e nt e d i n t he  f ol l owi ng t a bl e . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  4 .  E ffic ie nc y me a sur e s p r o p o se d  b y the  e xp e r ts 
 
 
Fr om t he  da t a ba s e  i nf or ma t i on i t  wa s  obt a i ne d t he  pe r c e pt i on t ha t  bui l di ngs  c ons t r uc t e d dur -
i ng t he  t we nt i e t h c e nt ur y r e qui r e  hi ghe r  me a s ur e s  t o be c ome  e f f i c i e nt  dwe l l i ngs  t ha n t hos e  c on-
s t r uc t e d dur i ng t he  pr e s e nt  c e nt ur y. 
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W i t h t he s e  me a s ur e s  r e c omme nde d by e xpe r t s  i s  pos s i bl e  t o obt a i n s i gni f i c a nt  s a vi ngs . But  
how c a n t hi s  be  done  a nd move  f r om pa pe r  t o r e a l i t y?  
3 ENERGY SAV INGS 
3.1 Achieving Real Energy Savings 
T he  EP r e qui r e me nt s  f or  ne w bui l di ngs  a nd ma j or  r e nova t i ons  wi l l  c e r t a i nl y br i ng i mpor t a nt  
e ne r gy s a vi ngs  i n t he  ne a r  f ut ur e . M a i nt a i ni ng t he r ma l  c omf or t  a nd i ndoor  a i r  c ondi t i ons  wi l l  
r e qui r e  l e s s  e ne r gy, a s  ne w a nd r e nova t e d bui l di ngs  be c ome  mor e  a nd mor e  e f f i c i e nt . 
But  ne w a nd r e nova t e d bui l di ngs  onl y ma ke  up a  s ma l l  s ha r e  of  t he  e nt i r e  bui l di ng s t oc k i n 
Por t uga l  ( a r ound 5.5 mi l l i on home s ) . Cur r e nt l y, l e s s  t ha n 50 000 ne w bui l di ngs  a r e  bui l t  e a c h 
ye a r  i n Por t uga l  a nd, de s pi t e  t he  r e c e nt  gr owt h i n t he  r e ha bi l i t a t i on ma r ke t , ma j or  r e nova t i ons  
s t i l l  don’ t  ha ve  a  s i gni f i c a nt  e xpr e s s i on. T he r e f or e , t he  i mpa c t  of  a ppl yi ng EP r e qui r e me nt s  i n 
ne w a nd r e nova t e d bui l di ngs  i s  obvi ous l y l i mi t e d a nd wi l l  not  l e a d, i n us e f ul  t i me , t o a  r e l e va nt  
r e duc t i on i n e ne r gy c ons umpt i on i n t he  bui l di ng s e c t or . 
So, t o a c hi e ve  r e a l  e ne r gy s a vi ngs  i n t hi s  s e c t or , t he r e  ha s  t o be  good i nc e nt i ve s  t o t he  i m-
pr ove me nt  of  e xi s t i ng bui l di ngs . And c e r t i f i c a t i on c a n pl a y a  c r uc i a l  r ol e  i n t hi s  ma t t e r . T he  
r e c omme nda t i ons  ma de  by t he  e xpe r t s  i n t he  c e r t i f i c a t e s  a r e  i mpor t a nt  gui de l i ne s  t ha t  t he  own-
e r s  of  t he  bui l di ngs  c a n ma ke  good us e  of , e i t he r  i n t he  c ont e xt  of  a  r e nova t i on, or  a s  i ndi vi dua l  
c os t -e f f e c t i ve  me a s ur e s . 
If  a l l  t he  r e c omme nda t i ons  f or  i mpr ove me nt s  ma de  by t he  e xpe r t s  i n e a c h c e r t i f i c a t e  we r e  a c -
t ua l l y i mpl e me nt e d, t he n a bout  86%  of  t he  e xi s t i ng bui l di ngs  woul d ha ve , a t  l e a s t , t he  s a me  
e ne r gy pe r f or ma nc e  a s  ne w bui l di ngs  ( i n t e r ms  of  pr i ma r y e ne r gy c ons umpt i on pe r  s qua r e  me -
t e r  of  f l oor  a r e a ) . For  t ha t , a n a ve r a ge  i nve s t me nt  be t we e n €1250 a nd €6500 pe r  bui l di ng woul d 
be  r e qui r e d, f or  a n a ve r a ge  pa yba c k pe r i od f or  i nve s t me nt  of  6 t o 11 ye a r s . And, i n t hi s  s c e na -
r i o, Por t uga l  c oul d s a ve  a bout  0,4 t oe  of  pr i ma r y e ne r gy pe r  bui l di ng pe r  ye a r .  
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Figur e  5 .  E ne r gy Cla ss D istr ib utio n B e fo r e /Afte r  Re c o mme nd a tio ns 
 
Al t hough t he or e t i c a l , t hi s  a na l ys i s  e mpha s i ze s  t he  i mpor t a nc e  of  i mpl e me nt i ng t he  r e c om-
me nda t i ons  ma de  by t he  e xpe r t s  i n t he  c e r t i f i c a t e s  a nd how t he s e  me a s ur e s  ne e d t o go f r om pa -
pe r  t o pr a c t i c e . 
For  t ha t  pur pos e , t he  Na t i ona l  Ac t i on Pl a n f or  Ene r gy Ef f i c i e nc y ( PNAEE) , de f i ne d by t he  
Por t ugue s e  gove r nme nt  unde r  t he  Di r e c t i ve  2006/ 32/ EC, ha s  e s t a bl i s he d t he  ge ne r a l  f r a me wor k 
f or  f i na nc i a l  s uppor t  t o s pe c i f i c  me a s ur e s . T he  e xa c t  me a s ur e s  t o be  s uppor t e d, a s  we l l  a s  t he  
de t a i l e d t e r ms  a nd c ondi t i ons  t o a c c e s s  t ha t  s uppor t , a r e  now unde r  de f i ni t i on, t a ki ng i nt o c on-
s i de r a t i on t he  da t a  a l r e a dy a va i l a bl e  f r om t he  da t a ba s e  of  t he  c e r t i f i c a t i on s ys t e m. 
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3.2 Energy Performance Measures 
W e  ha ve  de s c r i be d t he  ma j or  i mpr ove me nt  me a s ur e s  r e c omme nde d i n ge ne r a l  t e r ms ;  howe ve r , 
i t  i s  pos s i bl e  t o de s c r i be  t he  r e c omme nda t i ons  i n mor e  de t a i l . W e  pr e s e nt  s ome  of  t he  i m-
pr ove me nt  me a s ur e s  f or  e a c h gr oup of  a ppl i c a t i on. 
 
Dome s t i c  Hot  W a t e r  Sys t e ms  
• Hot  W a t e r  Pump 
•  Hi gh Ef f i c i e nc y Boi l e r  
 
Ins ul a t i on 
• T he r ma l  i ns ul a t i on on t he  e xt e r i or  a ppl i e d i n e xt e r i or  wa l l s  
• T he r ma l  i ns ul a t i on on t he  i ns i de  a ppl i e d i n e xt e r i or  wa l l s / r oof t ops / f l oor s  
 
Re ne wa bl e  Ene r gy 
• Sol a r  T he r ma l  C ol l e c t or s  
 
He a t i ng Sys t e m 
• Hi gh e f f i c i e nc y boi l e r s  f or  c e nt r a l  he a t i ng 
• Hi gh e f f i c i e nc y he a t  pumps  
 
W i ndows / Gl a zi ng 
•  Re pl a c e me nt  of  e xi s t i ng f r a me s  ma i nt a i ni ng t he  gl a s s  
•  Re pl a c e me nt  of  t he  gl a s s  ma i nt a i ni ng t he  f r a me  
• Re pl a c e me nt  of  t he  f r a me / gl a s s  
• Pl a c i ng a n a ddi t i ona l  f r a me  
T he s e  a r e  s ome  of  t he  me a s ur e s  t ha t  e ns ur e s  t he  i nc r e a s e  of  t he  e f f i c i e nc y i n r e s i de nt i a l  
bui l di ngs . 
4  DISSEM INAT ION AND PROM OT ION OF ENERGY EFFICIENCY 
4.1 Incentives to promote energy efficiency 
In Por t uga l  t he  mos t  di r e c t  i nc e nt i ve s  r e ga r di ng t he  a dopt i on of  e ne r gy c e r t i f i c a t i on s ys t e m a r e  
f i s c a l  be ne f i t s , na me l y:  
• a  10%  i nc r e a s e  i n t he  de duc t i on r e l a t e d t o hous e  l oa ns  i n t he  Indi vi dua l  Inc ome  T a x f or  
c l a s s  A/ A+  l e ve l  home s ;  ( na t i ona l  i nc e nt i ve )  
• a  r e duc t i on of  25 t o 50%  of  t he  M uni c i pa l i t y T a x on pr ope r t i e s  f or  c l a s s  A/ A+  l e ve l  
home s  ( unt i l  now onl y i n f or c e  f or  hous e s  i n t he  muni c i pa l i t y of  Li s bon, but  ot he r s  ma y 
f ol l ow)   
Be s i de s  e ne r gy c e r t i f i c a t i on, a not he r  i nc e nt i ve  pr omot e d by t he  Por t ugue s e  gove r nme nt  i s  
t he  i ns t a l l a t i on of  s ol a r  t he r ma l  c ol l e c t or s . Por t ugue s e  gove r nme nt  gr a nt s  a  30%  t a x c r e di t  f or  
i nve s t me nt  i n r e ne wa bl e  e ne r gi e s  wi t h a  ma xi mum of  796 €, t he r e f or e  a n e xc e l l e nt  i nc e nt i ve  f or  
r e duc i ng e ne r gy bi l l s . T he  mi c r o-ge ne r a t i on a l s o ha s  s uc c e s s  by e ns ur i ng ve r y a dva nt a ge ous  
e l e c t r i c i t y t a r i f f s , t hus  c r e a t i ng a  l a r ge  numbe r  of  mi c r o-e ne r gy pr oduc e r s .  
Ot he r  me a s ur e s  a r e  be i ng c ons i de r e d s uc h a s  r e pl a c e me nt  of  gl a zi ng a nd t he  i nc l us i on of  
t he r ma l  i ns ul a t i on i n wa l l s , f l oor s  a nd r oof s ;  howe ve r , t he y a l l  ha ve  t o be  c a r e f ul l y de c i de d, 
c ons i de r i ng t he y wi l l  ne e d a n a ve r a ge  i nve s t me nt  of  € 3800. T a ki ng i nt o a c c ount  t he  e c onomi c  
pe r i od i n whi c h we  l i ve  i n, i t  i s  di f f i c ul t  f or  t he  ma j or i t y of  Por t ugue s e  f a mi l i e s  t o s uppor t  t ha t  
i nve s t me nt , s o f i na nc i a l  i nc e nt i ve s  pr omot e d by t he  Por t ugue s e  gove r nme nt  be c ome  of  vi t a l  
i mpor t a nc e .  
In t he  s t udy pr omot e d by ADENE r e ga r di ng t he  i mpr ove me nt  me a s ur e s , t he  c ur r e nt  pr a c t i c e s  
i n s ome  c ount r i e s  wi t hi n t he  Eur ope a n Uni on we r e  a na l yze d, a s  we l l  a s  i n ot he r  de ve l ope d 
c ount r i e s  out s i de  EU, s uc h a s  t he  Uni t e d St a t e s  a nd Aus t r a l i a . Ac c or di ng t o t he  i nf or ma t i on ga -
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t he r e d t he  f ol l owi ng t wo t e nde nc i e s  we r e  obs e r ve d:  a )  Subs i di e s  a r e  t he  mos t  c ommon i nc e n-
t i ve  a ppl i e d by t he  Eur ope a n c ount r i e s , r e pr e s e nt i ng mor e  t ha n 59%  of  t he  pr ogr a mme s  e va -
l ua t e d;  a nd b)  Ins ul a t i on a nd he a t i ng we r e  t he  ma i n f r e que nt  f oc us e s  of  t he  pr ogr a mme s . W i t hi n 
t he  s ubs i di e s  i t  a ppe a r s  t ha t  t he  s ol ut i ons  a dopt e d a r e  s ubs i di ze d l oa ns  a nd t a x i nc e nt i ve s , 
whi c h ma y t a ke  i nt o a c c ount  t he  di f f e r e nt  s e gme nt s  of  s oc i e t y be ne f i t i ng t he  owne r s  wi t h wor s t  
f i na nc i a l  s i t ua t i on. Some  of  t he s e  me a s ur e s  a r e  s e t  i n PNAEE. 
4.2 Dissemination of energy efficiency 
Al t hough t oda y t he  c ons ume r  i s  a wa r e  of  t he  ne e d t o r e duc e  t he  e ne r gy bi l l  a nd t ha t  s ma l l  ge s -
t ur e s  pr ovi de  s ome  r e duc t i on of  e ne r gy c ons umpt i on, i t  a ppe a r s  t ha t  ba c kgr ound a c t i on i s  ne -
c e s s a r y t o r e c t i f y t he  s i t ua t i on mor e  e f f e c t i ve l y.  
One  of  t he  pr obl e ms  a l r e a dy i de nt i f i e d i s  t he  f i na nc i a l  i s s ue , due  t o t he  ne e d f or  a n i ni t i a l  i n-
ve s t me nt  by t he  owne r s . Anot he r  pr obl e m i s  t he  ne e d t o s pr e a d t he  s uppor t  pr ogr a ms  pr ovi de d 
by t he  Por t ugue s e  gove r nme nt  a nd i t s  be ne f i t s . T hi s  ma j or  r e l e a s e  s houl d not  onl y be  t a ke n by 
publ i c  a ut hor i t i e s , but  pr omot e d by i nde pe nde nt  e nt i t i e s  wi t h s uf f i c i e nt  r e l i a bi l i t y t o t he  publ i c  
s uc h a s  DECO - Por t ugue s e  As s oc i a t i on f or  Cons ume r  Pr ot e c t i on f or  e xa mpl e .  
Anot he r  ke y pl a ye r  i s  t he  qua l i f i e d e xpe r t  t ha t  r e l a t e s  ve r y c l os e l y wi t h t he  c ons ume r , a nd 
c a n e a s i l y a dvi s e  owne r s  on t he  be s t  i nc e nt i ve s  t o put  i nt o pr a c t i c e  t he  i mpr ove me nt  me a s ur e s  
he  r e c omme nds .  
Anot he r  pr obl e m i s  t he  l a c k of  knowl e dge  of  t e c hnol ogi e s  t ha t  de s pi t e  a l r e a dy be i ng us e d f or  
a  l ong t i me  i n ot he r  c ount r i e s , onl y now i s  be gi nni ng t o ha ve  ma s s i ve  us e  i n Por t uga l . T hi s  i s  a  
pr obl e m f or  ma nuf a c t ur e r s  a nd di s t r i but or s  of  t he  pr oduc t . T he y ha ve  t o c l os e  t hi s  ga p a nd 
c a t c h up wi t h c ons ume r s , pr ovi di ng t he m wi t h t he  r e l i a bi l i t y be f or e  a nd a f t e r  s e l l i ng t he  pr od-
uc t . 
5 FINAL ST AT EM ENT S 
Por t ugue s e  hous e hol d c ons ume r s  a r e  a wa r e  of  t he  c ur r e nt  ne e ds  on Ene r gy Ef f i c i e nc y a nd CO 2  
e mi s s i ons  a nd k now t ha t  t he r e  a r e  a c t i ons  t ha t  t he y c a n t a ke  t ha t  wi l l  ha ve  a  c ons i de r a bl e  i m-
pa c t  on t hos e  i s s ue s .  
An i mpor t a nt  c ha l l e nge  t o de ve l op, i s  t r a i ni ng t he  publ i c  t o me a s ur e  t he  e ne r gy us e . Re c e nt  
s ur ve ys  c onduc t e d by l e a di ng r e s e a r c h a ge nc i e s  poi nt  t owa r ds  t he  c ons ume r ’ s  vul ne r a bi l i t y t o 
c os t s  a nd t he i r  l a c k of  a wa r e ne s s  a s  bi g c ons t r a i nt s  f or  t he  pr omot i on of   e ne r gy e f f i c i e nc y a nd 
r e ne wa bl e  s ol ut i ons   i n Por t uga l . Por t ugue s e  c ons ume r s  a r e  ve r y c os t  or i e nt e d a nd pr e f e r  t o i n-
ve s t  i n c he a pe r  t e c hnol ogi e s , t ha t  a r e n’ t  mor e  e nvi r onme nt  f r i e ndl y t e c hnol ogi e s . La c k of  
a wa r e ne s s  i s  a not he r  bi g hur dl e . La c k of  a wa r e ne s s  i s  s hown ge ne r a l l y i n t wo f r ont s :  1)  c on-
s ume r s  a r e  not  a wa r e  of  t he  a mount  of  e ne r gy t he y a r e  c ur r e nt l y c ons umi ng i n t he i r  hous e s . 
T hi s  ma ke s  i t  di f f i c ul t  f or  t he m t o unde r s t a nd t he  be ne f i t s  of  r e ne wa bl e  t e c hnol ogi e s  a nd 2)  
c ons ume r s  a r e  not  a wa r e  of  t he  r e ne wa bl e  t e c hnol ogi e s . T hi s  howe ve r  i s  s l owl y r e duc i ng due  t o 
t he  gove r nme nt ’ s  pr omot i on of  t he s e  t e c hnol ogi e s .   
On t he  ot he r  ha nd, a ddi t i ona l  t r a i ni ng s houl d be  of f e r e d f or  qua l i f i e d e xpe r t s , f oc us i ng on i s -
s ue s  s uc h a s  e ne r gy a udi t s  a nd be s t  e c onomi c  a nd t e c hnol ogi c  bui l di ng i mpr ove me nt  s ol ut i ons . 
T he  ma i n t a r ge t  i s  f or  t he s e  a ge nt s  t o s t r e s s  a mong c i t i ze ns  t ha t  e ne r gy c e r t i f i c a t i on s houl d not  
be  vi e we d s i mpl y a s  a  c os t , a nd ma ke  e vi de nc e  of  t he  whol e  i de a  t ha t  ma ki ng bui l di ngs  mor e  
e f f i c i e nt , r e s ul t s  i n e ne r gy s a vi ngs  a nd c ons e que nt l y i n r e duc e d c os t s  a nd he nc e  of f s e t  t he  i n-
ve s t me nt .   
T he  i mpa c t  of  a ppl yi ng e ne r gy pe r f or ma nc e  r e qui r e me nt s  i n ne w a nd r e nova t e d bui l di ngs  i s  
obvi ous l y l i mi t e d a nd wi l l  not  l e a d, i n us e f ul  t i me , t o a  r e l e va nt  r e duc t i on i n e ne r gy c ons ump-
t i on i n t he  bui l di ng s e c t or . If  a l l  t he  r e c omme nda t i ons  f or  i mpr ove me nt s  ma de  by t he  e xpe r t s  i n 
e a c h c e r t i f i c a t e  we r e  a c t ua l l y i mpl e me nt e d, t he n a bout  86%  of  t he  e xi s t i ng bui l di ngs  woul d 
ha ve , a t  l e a s t , t he  s a me  e ne r gy pe r f or ma nc e  a s  a  ne w bui l di ng, a nd i n t hi s  s c e na r i o, Por t uga l  
c oul d s a ve  a bout  a bout  0,4 t oe  of  pr i ma r y e ne r gy pe r  bui l di ng pe r  ye a r , wha t  mi gh, i n a  be s t  
c a s e  s c e na r i o, r e pr e s e nt  a  8%  r e duc t i on of  gl oba l  pr i ma r y e ne r gy c ons umpt i on. 
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“ One  da y, a l l  bui l di ngs  s ha l l  be  gr e e n” . 
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1 INT RODUCT ION 
Ene r gy c ons umpt i on f or  t he r ma l  c omf or t  i n bui l di ngs  ha s  gr own a  l ot  i n f e w ye a r s , r e s ul t i ng i n 
hi ghe r  CO 2  e mi s s i ons . T he  ma i n r e a s ons  a r e  t he  i nc r e a s i ng us e r s  de ma nd f or  c omf or t  c ondi -
t i ons  a nd t he  m a r ke t  pe ne t r a t i on of  c ool i ng s ys t e ms . T hi s  ne w s c e na r i o s i gni f i c a nt l y c ont r i but e s  
t o gl oba l  pr obl e ms  s uc h us  gr e e nhous e  e f f e c t . T he  ne w a ppr oa c h t o t hi s  pr obl e m i nc l ude s  mor e  
s us t a i na bl e  bui l di ngs  a nd a  mor e  e f f i c i e nt  e ne r gy ma na ge me nt . 
Pha s e  c ha nge  ma t e r i a l s  ( PCM s )  ha ve  be e n s t udi e d f or  t he r ma l  s t or a ge  i n bui l di ngs  s i nc e  be -
f or e  1980. Se ve r a l  c ons t r uc t i ve  s ol ut i ons  i nc or por a t i ng PCM , s uc h a s  c onc r e t e  a nd gyps um, 
ha ve  be e n t e s t e d ( Ca be za  e t  a l . 2007, Ha ue r  e t  a l . 2005, K hundha i r  a nd Fa r i d 2004, Sc hos s i g e t  
a l . 2005, Za l ba  e t  a l . 2003) . Howe ve r , no wor k wa s  f ound i n t he  l i t e r a t ur e  we r e  ma c r oe nc a ps u-
l a t e d PCM  wa s  e xpe r i me nt a l l y t e s t e d, unde r  r e a l  c ondi t i ons , i n br i c k c ons t r uc t i ve  s ol ut i ons . 
T hi s  wor k pr e s e nt s  a  ne w e xpe r i me nt a l  s e t -up t o t e s t  t he  e f f e c t  of  t he  i nc l us i on of  PCM  i n 
bui l di ngs . For  t hi s  pur pos e , s e ve r a l  c ubi c l e s  we r e  c ons t r uc t e d us i ng t r a di t i ona l  br i c k a nd a l ve o-
l a r  br i c k. M a c r oe nc a ps ul a t e d PCM  i s  a dde d i n one  t r a di t i ona l  br i c k c ubi c l e  a nd i n one  a l ve ol a r  
br i c k c ubi c l e  ( CSM  pa ne l s , c ont a i ni ng RT -27 a nd SP-25 A8, r e s pe c t i ve l y) . 
 
2 DEM ONST RAT ION CUBICLES 
T he  c ubi c l e s  we r e  bui l t  wi t h M e di t e r r a ne a n t ypi c a l  c ons t r uc t i ve  s ol ut i ons . T o be  a bl e  t o 
c ompa r e  t he  r e s ul t s  obt a i ne d wi t h t he  c onc r e t e  c ubi c l e s  s t udi e d pr e vi ous l y ( Ca be za  e t  a l . 2007) , 
t he  i nt e r na l  di me ns i ons  of  t he  ne w c ubi c l e s  a r e  t he  s a me  a s  t he  ol d one s  ( 2.4x2.4x2.4 me t e r s ) . 
For  c ompa r i s on pur pos e s , t he  ne w c ubi c l e s  ha ve  no wi ndows . One  door  i n t he  nor t he r n wa l l  i s  
t he  onl y ope ni ng of  t he  ne w c ubi c l e s . Fi gur e  1 s hows  t he  de mons t r a t i on c ubi c l e s  l oc a t e d i n 
Pui gve r d de  Ll e i da . 
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ABS TR AC T:  T hi s  wor k pr e s e nt s  t he  r e s ul t s  of  a n e xpe r i me nt a l  s e t - up t o t e s t  pha s e  c ha nge  
ma t e r i a l s  i n bui l di ng e nve l ope s  wi t h va r i ous  t ypi c a l  i ns ul a t i on a nd c ons t r uc t i on ma t e r i a l s  f or  
M e di t e r r a ne a n c ons t r uc t i on i n r e a l  c ondi t i ons . Se ve r a l  c ubi c l e s  we r e  c ons t r uc t e d ( us i ng c on-
ve nt i ona l  a nd a l ve ol a r  br i c k)  a nd t he i r  t he r ma l  pe r f or ma nc e  t hr oughout  t he  t i me  wa s  me a s ur e d. 
M a c r oe nc a ps ul a t e d PCM  i s  a dde d i n one  c onve nt i ona l  br i c k c ubi c l e  a nd i n one  a l ve ol a r  br i c k 
c ubi c l e  ( CSM  pa ne l s , c ont a i ni ng RT -27 a nd SP-25 A8, r e s pe c t i ve l y) . T he  c ubi c l e s  ha ve  a  do-
me s t i c  a i r  c ondi t i one r  a s  a  c ool i ng s ys t e m a nd a n e l e c t r i c a l  r a di a t or  a s  a  he a t i ng s ys t e m;  t he  e n-
e r gy c ons umpt i on of  bot h s ys t e ms  i s  r e gi s t e r e d. 
In s umme r  2008 a nd 2009 t he  e ne r gy c ons umpt i on of  t he  a i r  c ondi t i one r  i n t he  c ubi c l e  wi t h 
pol yur e t ha ne  i ns ul a t i on a nd PCM  wa s  l owe r  t ha n t he  e ne r gy c ons umpt i on of  t he  PU c ubi c l e  f or  
s e t  poi nt s  hi ghe r  t ha n 20 º C. Lowe r  s e t  poi nt s  de c r e a s e d t he  e f f e c t  of  t he  PCM  s i nc e  i t  i s  not  
me l t i ng pr ope r l y. 
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Figur e  1 .  D e mo nstr a tio n c ub ic le s in P uigve r d  d e  Lle id a .  
 
T he  s t r uc t ur e  of  t he  c onve nt i ona l  br i c k c ubi c l e s  ( Re f e r e nc e , PU a nd RT 27+ PU)  wa s  done  us -
i ng 4 mor t a r  pi l l a r s  wi t h r e i nf or c i ng ba r s , one  i n e a c h e dge  of  t he  c ubi c l e . T he  ba s e  c ons i s t s  of  
a  mor t a r  ba s e  of  3x3 me t e r s  wi t h c r us he d s t one s  a nd r e i nf or c i ng ba r s . T he  wa l l s  c ons i s t  of  pe r -
f or a t e d br i c ks  ( 29x14x7.5 c m)  wi t h a n i ns ul a t i ng ma t e r i a l  ( de pe ndi ng on t he  c ubi c l e )  on t he  e x-
t e r na l  s i de  a nd pl a s t e r  on t he  i nt e r na l  s i de . T he  e xt e r na l  f i ni s h wa s  done  wi t h hol l ow br i c ks  a nd 
a  c e me nt  mor t a r  f i ni s h. Be t we e n t he  pe r f or a t e d br i c ks  a nd t he  hol l ow br i c ks  t he r e  i s  a n a i r  
c ha mbe r  of  5 c m. T he  r oof  wa s  done  us i ng c onc r e t e  pr e c a s t  be a ms  a nd 5 c m of  c onc r e t e  s l a b. 
T he  i nt e r na l  f i ni s h i s  pl a s t e r . T he  i ns ul a t i ng ma t e r i a l  i s  pl a c e d ove r  t he  c onc r e t e , pr ot e c t e d wi t h 
a  c e me nt  mor t a r  r oof  wi t h a n i nc l i na t i on of  3%  a nd a  doubl e  a s pha l t  me mbr a ne . 
For  t he  a l ve ol a r  c ubi c l e s  ( Al ve ol a r  a nd SP25+ Al ve ol a r )  t he  s t r uc t ur e  of  t he  wa l l  c ons i s t e d of  
a l ve ol a r  br i c k wi t h pl a s t e r  a s  i nt e r na l  f i ni s h a nd c e me nt  mor t a r  a s  e xt e r na l  f i ni s h. T he  s t r uc t ur e  
of  t he  r oof  wa s  t he  s a me  a s  f or  t he  c onve nt i ona l  br i c k c ubi c l e s . An e xpl a na t i on of  t he  nome n-
c l a t ur e  us e d f or  t he  c ubi c l e s  i s  gi ve n a s  f ol l ows :  
1. Re f e r e nc e  c ubi c l e  ( Re f e r e nc e ) :  T hi s  c ubi c l e  ha s  no i ns ul a t i on. 
2. Pol yur e t ha ne  c ubi c l e  ( PU) :  T he  i ns ul a t i on ma t e r i a l  us e d i s  5 c m of  s pr a y f oa m pol yur e -
t ha ne . 
3. PCM -PU c ubi c l e  ( RT 27+ PU) :  T he  i ns ul a t i on us e d i s  a ga i n 5 c m of  s pr a y f oa m pol yur e -
t ha ne  a nd a n a ddi t i ona l  l a ye r  of  PCM . CSM  pa ne l s  c ont a i ni ng RT -27 pa r a f f i n a r e  l o-
c a t e d be t we e n t he  pe r f or a t e d br i c ks  a nd t he  pol yur e t ha ne  ( i n t he  s out he r n a nd we s t e r n 
wa l l s  a nd t he  r oof ) . 
4. Al ve ol a r  c ubi c l e  ( Al ve ol a r ) :  T he  a l ve ol a r  br i c k ha s  a n e s pe c i a l  de s i gn whi c h pr ovi de s  
bot h t he r ma l  a nd a c ous t i c  i ns ul a t i on. No a ddi t i ona l  i ns ul a t i on wa s  us e d i n t hi s  c ubi c l e . 
5. PCM -Al ve ol a r  c ubi c l e  ( SP25+ Al ve ol a r ) :  Se ve r a l  CSM  pa ne l s  c ont a i ni ng SP-25 A8 hy-
dr a t e  s a l t  a r e  l oc a t e d i ns i de  t he  c ubi c l e , be t we e n t he  a l ve ol a r  br i c k a nd t he  pl a s t e r  pl a s -
t e r i ng i n or de r  t o i nc r e a s e  t he  t he r ma l  i ne r t i a  of  t he  wa l l  ( i n t he  s out he r n a nd we s t e r n 
wa l l s  a nd t he  r oof ) . 
 
T he  mos t  i mpor t a nt  pr ope r t i e s  of  t he  pol yur e t ha ne , t he  a l ve ol a r  br i c k a nd t he  PCM  ( RT -27 
a nd SP-25 A8)  a r e  s hown f r om T a bl e  1 t o T a bl e  3. Fi gur e  2 t o Fi gur e  5 s how t he  de mons t r a t i on 
c ubi c l e s  bui l t  wi t h br i c k, pol yur e t ha ne , RT -27 PCM  a nd pol yur e t ha ne , a nd a l ve ol a r  br i c k r e -
s pe c t i ve l y, dur i ng c ons t r uc t i on. 
 
 
T a b le  1 .  P hysic a l p r o p e r tie s o f p o lyur e tha ne .  
 P o lyur e tha n e  
T he r ma l c o nd uc tivity ( W /m· K )  0 . 0 2 8  
D e nsity ( kg/m 3 )  3 5  
M a ximum te mp e r a tur e  ( º C)  8 0  
 
 
T a b le  2 .  P hysic a l p r o p e r tie s o f the  a lve o la r  b r ic k.  
 Alve o la r  b r ic k 
H e a t tr a nsmitta nc e  ( W /m 2 · K )  0 . 6 6  
T hic kne ss ( mm)  2 9 0  
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T a b le  3 .  P hysic a l p r o p e r tie s o f use d  P CM .  
 RT -2 7  SP -2 5  A8  
M e lting p o int ( º C)  2 8  2 6  
Co nge a ling p o int ( º C)  2 6  2 5  
H e a t Sto r a ge  Ca p a c ity ( kJ /kg)  1 7 9  1 8 0  
so lid  0 . 8 7  D e nsity ( kg/L)  liq uid  0 . 7 5  1 . 3 8  
so lid  1 . 8  H e a t c a p a c ity ( kJ /kg· K )  liq uid  2 . 4  2 . 5  
H e a t c o nd uc tivity ( W /m· K )  0 . 2  0 . 6  
 
 
 
Figur e  2 .  B r ic k c ub ic le .  
 
Figur e  3 .  B r ic k c ub ic le  with p o lyur e tha ne .  
 
Figur e  4 .  B r ic k c ub ic le  with RT -2 7  a nd  p o lyur e tha ne .  
 
Figur e  5 .  Alve o la r  b r ic k c ub ic le s.  
 
T o e va l ua t e  t he  t he r ma l  pe r f or ma nc e  of  e a c h ma t e r i a l  t he  f ol l owi ng da t a  we r e  r e gi s t e r e d f or  
e a c h c ubi c l e . 
• W a l l  t e mpe r a t ur e  ( e a s t , we s t , nor t h, s out h i nt e r na l , s out h e xt e r na l , r oof  a nd f l oor ) . 
• Int e r na l  a mbi e nt  t e mpe r a t ur e  ( 1.5 m)  a nd humi di t y. 
• He a t  f l ux a t  t he  s out h wa l l  ( i ns i de  a nd out s i de ) . 
• El e c t r i c a l  c ons umpt i on of  t he  he a t  pump. 
• Sol a r  r a di a t i on. 
• Ext e r na l  a mbi e nt  t e mpe r a t ur e  a nd humi di t y. 
 
T he  e xpe r i me nt a l  s e t -up of f e r s  t he  pos s i bi l i t y t o pe r f or m t wo ki nds  of  t e s t s . In t hi s  wor k onl y 
c ont r ol l e d t e mpe r a t ur e  r e s ul t s  a r e  pr e s e nt e d. 
• Fr e e -f l oa t i ng t e mpe r a t ur e , whe r e  no he a t i ng/ c ool i ng s ys t e m i s  us e d. T he  t e mpe r a t ur e  
c ondi t i ons  i n t he  c ubi c l e s  a r e  c ompa r e d. T he  one s  wi t h PCM  a r e  e xpe c t e d t o ha ve  be t -
t e r  be ha vi or . 
• Cont r ol l e d t e mpe r a t ur e , whe r e  a  he a t  pump i s  us e d t o s e t  t he  a mbi e nt  t e mpe r a t ur e  of  
t he  c ubi c l e . T he  e ne r gy c ons umpt i on of  t he  c ubi c l e s  i s  c ompa r e d us i ng di f f e r e nt  s e t  
poi nt s . T he  c ubi c l e s  us i ng PCM  a r e  e xpe c t e d t o ha ve  l owe r  e ne r gy c ons umpt i ons . 
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3 RESULT S AND DISCUSSION 
For  t he  s umme r  pe r i od, t he  e ne r gy c ons umpt i on of  t he  c ubi c l e s  wa s  s t udi e d. Di f f e r e nt  we e ks  
wi t h s i mi l a r  we a t he r  c ondi t i ons  we r e  t e s t e d wi t h di f f e r e nt  s e t  poi nt s . Fi gur e  6 a nd Fi gur e  7 
s hows  t he  c ompa r i s on of  PU a nd RT 27+ PU c ubi c l e s  f or  t he  f i r s t  we e k of  J une , whe r e  a  s e t  
poi nt  of  16 º C wa s  us e d.  
Fr om t he  be gi nni ng of  t he  we e k t he  e ne r gy c ons umpt i on of  t he  Re f e r e nc e  c ubi c l e  i s  hi ghe r  
t ha n t he  one  f r om t he  PU a nd RT 27+ PU c ubi c l e s . T he  PU a nd t he  RT 27+ PU c ubi c l e s  ha ve  a l -
mos t  t he  s a me  e ne r gy c ons umpt i on, pr e s e nt i ng no i mpr ove me nt s  t he  c ubi c l e  wi t h PCM . On t he  
ot he r  ha nd, t he  Al ve ol a r  c ubi c l e  c ons umpt i on i s  s i gni f i c a nt l y l owe r  t ha n t ha t  of  t he  
SP25+ Al ve ol a r  c ubi c l e . 
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Figur e  6 .  Ac c umula te d  e ne r gy c o nsump tio n –  b r ic k 
c ub ic le s.  Se t p o int 1 6  º C.  
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Figur e  7 .  Ac c umula te d  e ne r gy c o nsump tio n –  a lve o la r  
c ub ic le s.  Se t p o int 1 6  º C.  
 
V e r y l ow s e t  poi nt s  ( l i ke  16 º C)  do not  f a vour  t he  PCM  ope r a t i on s i nc e  t he  pha s e  c ha nge  
r a nge  i s  muc h hi ghe r  t ha n t he  s e t  poi nt  a nd t he  PCM  i s  s e ns i t i ve  t o t he  i ns i de  t e mpe r a t ur e  due  
t o i t s  l oc a t i on i ns i de  t he  wa l l . In t he s e  c a s e s  t he  e ne r gy c ons umpt i on of  t he  c ubi c l e s  i s  not  i m-
pr ove d by t he  us e  of  PCM  ( T a bl e  4) . 
T he  e ne r gy c ons umpt i on i n t he  PU a nd RT 27+ PU c ubi c l e s  i s  pr a c t i c a l l y t he  s a me , whi c h 
de mons t r a t e s  t ha t  bot h he a t  pumps  ha ve  ve r y s i mi l a r  COP. On t he  ot he r  ha nd, t he  e ne r gy c on-
s umpt i on of  t he  SP25+ Al ve ol a r  c ubi c l e  i s  s i gni f i c a nt l y hi ghe r  t ha n t he  one  of  t he  Al ve ol a r  c u-
bi c l e , pr oba bl y due  t o a  l owe r  COP whi c h r e s ul t s  i n hi ghe r  e ne r gy c ons umpt i ons . 
 
T a b le  4 .  Ac c umula te d  e ne r gy c o nsump tio n a nd  sa vings fo r  the  d iffe r e nt c ub ic le s.  
 E ne r gy Co n s ump tio n 1  
( W h)  
E ne r gy Sa vings 2  
( W h)  
E ne r gy Sa vings 2  
( %)  
I mp r o ve me nt 3  
( %)  
Re fe r e nc e  2 0 1 6 2  0  0  - 
P U  1 0 2 4 4  9 9 1 8  4 9 . 1 9  0  
RT 2 7 + P U  1 0 2 2 7  9 9 3 5  4 9 . 2 8  0 . 1 7  
Alve o la r  1 0 6 5 0  9 5 1 2  4 7 . 1 8  0  
SP 2 5 + Alve o la r  1 2 5 3 6  7 6 2 6  3 7 . 8 2  -1 7 . 7 1  
1 S et  p o i n t  o f 1 6  ºC d u r i n g 6  d ays 
2 Refer r ed  t o  t h e Refer en ce cu b i cl e 
3 Refer r ed  t o  t h e cu b i cl e wi t h  an al o gu e co n st r u ct i ve so l u t i o n  an d  wi t h o u t  P CM  
 
T he  r e s ul t s  f or  t he  e xpe r i me nt s  wi t h a  s e t  poi nt  of  20 º C a r e  pr e s e nt e d i n Fi gur e  8 a nd Fi gur e  
9. For  t he  c onve nt i ona l  br i c k c ubi c l e s , a n i mpor t a nt  di f f e r e nc e  i n t he  e ne r gy c ons umpt i on be -
t we e n t he  Re f e r e nc e  a nd t he  PU a nd RT 27+ PU c ubi c l e s  i s  obs e r ve d. Bot h i ns ul a t e d c ubi c l e s  
pr e ve nt s  t he  he a t  pump t o s t a r t  f or  t he  f i r s t  t wo da ys  of  t he  e xpe r i me nt s , whi l e  t he  he a t  pump of  
t he  Re f e r e nc e  c ubi c l e  i s  wor ki ng dur i ng a l l  t he  e xpe r i me nt , r e a c hi ng a n e ne r gy c ons umpt i on 
a bout  3 t i me s  hi ghe r . M or e ove r , t he  RT 27+ PU c ubi c l e  a c hi e ve s  a  r e duc t i on of  t he  e ne r gy c on-
Portugal SB10: Sustainable Building Affordable to All
516
s umpt i on of  a bout  5 %  c ompa r e d t o t he  PU one  ( T a bl e  5) . 
On t he  ot he r  ha nd, f or  t he  a l ve ol a r  br i c k c ubi c l e s  t he  e ne r gy c ons umpt i on i n hi ghe r  i n t he  
SP25+ Al ve ol a r  c ubi c l e  t ha n i n t he  Al ve ol a r  one  ( T a bl e  5) . T hi s  ma y be  c a us e d by t he  di f f e r e nt  
COP of  t he  he a t  pumps  a l r e a dy obs e r ve d i n t he  e xpe r i me nt s  wi t h a  s e t  poi nt  of  16 º C. A COP 
c or r e c t i on c a n be  done  f or c i ng t he  s a me  e ne r gy c ons umpt i on f or  bot h Al ve ol a r  a nd 
SP25+ Al ve ol a r  c ubi c l e s  whe n us i ng a  s e t  poi nt  of  16 º C. In t ha t  c a s e  t he  r e s ul t s  f or  t he  e xpe r i -
me nt  us i ng a  s e t  poi nt  of  20 º C s how a  r e duc t i on of  t he  e ne r gy c ons umpt i on i n t he  
SP25+ Al ve ol a r  c ubi c l e  of  a bout  5 % . 
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Figur e  8 .  Ac c umula te d  e ne r gy c o nsump tio n –  b r ic k 
c ub ic le s.  Se t p o int 2 0  º C.  
0
2000
4000
6000
8000
10000
12000
14000
17/06/2008 18/06/2008 19/06/2008 20/06/2008 21/06/2008 22/06/2008
Date
En
e
rg
y 
(W
h)
Alveolar SP25+Alveolar
Set point 20 ºC
 
Figur e  9 .  Ac c umula te d  e ne r gy c o nsump tio n –  a lve o la r  
c ub ic le s.  Se t p o int 2 0  º C.  
 
T a b le  5 .  Ac c umula te d  e ne r gy c o nsump tio n a nd  sa vings fo r  the  d iffe r e nt c ub ic le s.  
 E ne r gy Co nsu mp tio n 1  
( W h)  
E ne r gy Sa vings 2  
( W h)  
E ne r gy Sa vings 2  
( %)  
I mp r o ve me nt 3  
( %)  
Re fe r e nc e  2 2 0 9 6  0  0  - 
P U  7 7 9 9  1 4 2 9 7  6 4 . 7 0  0  
RT 2 7 + P U  7 3 4 3  1 4 7 5 3  6 6 . 7 7  5 . 8 5  
Alve o la r  1 1 0 7 4  1 1 0 2 2  4 9 . 8 8  0  
SP 2 5 + Alve o la r  1 2 4 3 8  9 6 5 8  4 3 . 7 1  -1 0 . 9 7  
1 S et  p o i n t  o f 2 0  ºC d u r i n g 6  d ays 
2 Refer ed  t o  t h e Refer en ce cu b i cl e 
3 Refer ed  t o  t h e cu b i cl e wi t h  an al o gu e co n st r u ct i ve so l u t i o n  an d  wi t h o u t  P CM  
 
Fi gur e  10 a nd Fi g ur e  11 pr e s e nt  t he  r e s ul t s  of  t he  c ont r ol l e d t e mpe r a t ur e  e xpe r i me nt s  us i ng a  
s e t  poi nt  of  24 º C. T he  a c c umul a t e d e ne r gy c ons umpt i on of  t he  Re f e r e nc e  c ubi c l e  i s  hi ghe r  t ha n 
a l l  t he  ot he r  one s . T he  RT 27+ PU c ubi c l e  i s  t he  one  wi t h t he  l owe s t  e ne r gy c ons umpt i on whi l e  
t he  SP25+ Al ve ol a r  c ubi c l e  i s  t he  s e c ond one , c ons umi ng e ve n l e s s  e ne r gy t ha n t he  PU c ubi c l e . 
Fi na l l y, t he  Al ve ol a r  c ubi c l e  i s  t he  one  t ha t  mor e  e ne r gy c ons ume s  a f t e r  t he  Re f e r e nc e  one . 
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Figur e  1 0 .  Ac c umula te d  e ne r gy c o nsump tio n –  b r ic k 
c ub ic le s.  Se t p o int 2 4  º C.  
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Figur e  1 1 .  Ac c umula te d  e ne r gy c o nsump tio n –  a lve o -
la r  c ub ic le s .  Se t p o int 2 4  º C.  
 
A mode r a t e  s e t  poi nt  ( l i ke  24 º C)  f a vour s  t he  PCM  wor ki ng c ondi t i ons , s i nc e  t he  i ns i de  t e m-
pe r a t ur e  i s  c l os e  t o t he  pha s e  c ha nge  r a nge . Bot h PCM  c ubi c l e s  r e duc e d t he  e ne r gy c ons ump-
t i on c ompa r e d wi t h t he  s a me  c ubi c l e  wi t hout  PCM . T he  RT 27+ PU c ubi c l e  a c hi e ve d a  r e duc t i on 
of  15 %  c ompa r e d t o t he  PU c ubi c l e , whi l e  t he  SP25+ Al ve ol a r  c ubi c l e  r e a c he d a  17 %  of  e n-
e r gy s a vi ngs  c ompa r e d t o t he  Al ve ol a r  one  ( T a bl e  6) . If  t he  COP c or r e c t i on i s  done  f or  t he  
SP25+ Al ve ol a r  c ubi c l e , t he  i mpr ove me nt  i n t he  e ne r gy c ons umpt i on i nc r e a s e s  up t o 30 % . 
 
T a b le  6 .  Ac c umula te d  e ne r gy c o nsump tio n a nd  sa vings fo r  the  d iffe r e nt c ub ic le s 
 E ne r gy Co nsu mp tio n 1 
( W h)  
E ne r gy Sa vin gs 2  
( W h)  
E ne r gy Sa vings 2  
( %)  
I mp r o ve me nt 3  
( %)  
Re fe r e nc e  9 3 7 6  0  0  - 
P U  4 5 8 3  4 7 9 3  5 1 . 1 2  0  
RT 2 7 + P U  3 9 0 7  5 4 6 9  5 8 . 3 3  1 4 . 7 5  
Alve o la r  5 0 5 3  4 3 2 3  4 6 . 1 1  0  
SP 2 5 + Alve o la r  4 1 8 8  5 1 8 8  5 5 . 3 3  1 7 . 1 2  
1 S et  p o i n t  o f 2 4  ºC d u r i n g 5  d ays 
2 Refer r ed  t o  t h e Refer en ce cu b i cl e 
3 Refer r ed  t o  t h e cu b i cl e wi t h  an al o gu e co n st r u ct i ve so l u t i o n  an d  wi t h o u t  P CM  
 
4 CONCLUSION S  
In t hi s  wor k t he  be ne f i t s  of  us i ng PCM  i n c onve nt i ona l  a nd a l ve ol a r  br i c k c ons t r uc t i on a r e  s t ud-
i e d. Ene r gy c ons umpt i ons  a r e  a na l yze d f or  s umme r  pe r i od. 
T he  s e t  poi nt  us e d pl a ys  a  ke y r ol e  i n t he  wor ki ng c ondi t i ons  of  t he  PCM  a nd t he r e f or e  i n t he  
t he r ma l  be ha vi or  a nd t he  e ne r gy c ons umpt i on of  t he  c ubi c l e . T he  l oc a t i on of  t he  PCM , c l os e r  t o 
t he  i ns i de , ma ke s  i t  mor e  s e ns i t i ve  t o t he  s e t  poi nt  us e d. For  ve r y l ow s e t  poi nt s  ( 16 º C)  no i m-
pr ove me nt s  we r e  obs e r ve d i n t he  PCM  c ubi c l e s , s i nc e  t he  pha s e  c ha nge  t e mpe r a t ur e  of  t he  
PCM  i s  muc h hi ghe r  t ha n t he  s e t  poi nt  ( a bout  27 º C) . W he n us i ng l ow s e t  poi nt s  ( 20 º C)  a  s ma l l  
r e duc t i on of  t he  e ne r gy c ons umpt i on wa s  obs e r ve d ( a bout  5 % ) , whi l e  mode r a t e  s e t  poi nt s  ( 24 
º C)  i mpr ove  t he  wor ki ng c ondi t i ons  of  t he  PCM  s i nc e  t he  t e mpe r a t ur e  i s  muc h c l os e r  t o t he  
pha s e  c ha nge  r a nge . In t ha t  c a s e  a  r e duc t i on of  t he  e ne r gy c ons umpt i on a bout  15 %  i s  a c hi e ve d. 
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1 INT RODUCT ION 
T he r ma l  i ns ul a t i on i s  a  ke y pa r a me t e r  f or  e ne r gy e f f i c i e nc y i n bui l di ngs . By c or r e c t l y i ns u-
l a t i ng bui l di ngs  one  c a n r e duc e  ope r a t i ona l  c os t s  a nd a l s o r e duc e  a i r  pol l ut i on a nd e nvi r on-
me nt a l  pr obl e ms  s uc h a s  CO 2  e mi s s i ons . Cons i de r i ng a  br oa de r  pe r s pe c t i ve , t he  bui l di ng s e c t or  
a c c ount s  f or  40%  of  Eur ope ’ s  CO 2  e mi s s i ons . Ins ul a t i on t e c hni que s  c a n mi t i ga t e  c l i ma t e  
c ha nge  c os t -e f f e c t i ve l y a nd a l s o r e duc e  t he  de pe nde nc e  on e xt e r na l  pr i ma r y e ne r gy s uppl i e s . 
Ne w i ns ul a t i on ma t e r i a l s  a r e  us e d nowa da ys  t o i mpr ove  t he  t he r ma l  be ha vi or  of  bui l di ngs . 
Inor ga ni c  f i br ous  ma t e r i a l s , gl a s s  wool  a nd s t one  wool  a r e  wi de l y us e d a s  f or  bui l di ng i ns ul a -
t i on, a s  we l l  a s  or ga ni c  f oa my ma t e r i a l s , e xpa nde d a nd e xt r ude d pol ys t yr e ne  a nd pol yur e t ha ne . 
In Spa i n t he  t hr e e  mos t  c ommon i ns ul a t i on ma t e r i a l s  us e d i n bui l di ngs  a r e  pol yur e t ha ne , mi n-
e r a l  wool  a nd pol ys t yr e ne . Howe ve r , ne w i ns ul a t i on t e c hni que s  a r e  de ve l ope d e ve r yda y, f or  e x-
a mpl e  a l ve ol a r  br i c ks . T he  ne w de s i gn of  a l ve ol a r  br i c k i s  pr e s e nt e d a s  a  ma t e r i a l  t ha t  wi l l  pr o-
vi de  s t r uc t ur a l , t he r ma l  a nd a c ous t i c a l  pr ope r t i e s  a l t oge t he r . 
T he r ma l  pe r f or ma nc e  of  i ns ul a t i on ma t e r i a l s  ha s  be e n s t udi e d wi de l y a l l  ove r  t he  wor l d. 
M os t  of  t hos e  s t udi e s  a r e  nume r i c a l , s i mul a t i ng t he  he a t  t r a ns f e r  me c ha ni s ms  or  obt a i ni ng e x-
pr e s s i ons  f or  t he  t he r ma l  c onduc t i vi t y a nd di f f us i vi t y ( Ba nkva l l  1973, Be c k 1966, Hokoi  & 
K uma r a n 1993, La ngl a i s  & K l a r s f e l d 1984, La r ki n & Chur c hi l l  1959, Re nne x 1979, T ong e t  a l . 
1985, V e i s e h e t  a l  2008) .  
Looki ng a t  e xpe r i me nt a l  wor ks , a l l  of  t he m f oc us e d on l a bor a t or y s c a l e  t e s t s , whe r e  di f f e r e nt  
i ns ul a t i on ma t e r i a l s  we r e  t e s t e d a nd t he i r  t he r ma l  c onduc t i vi t y a nd di f f us i vi t y c ha r a c t e r i ze d 
( Soubdha n e t  a l  2005, Swi nt on e t  a l  2006, K a r a ma nos  e t  a l  2008) . Ne ve r t he l e s s , no e xpe r i me n-
t a l  s t udy c ompa r i ng t he  t he r ma l  be ha vi or  of  a l ve ol a r  br i c k wi t h di f f e r e nt  i ns ul a t i on ma t e r i a l s  i n 
r e a l  c ondi t i ons  i s  f ound. 
Re c e nt  r e s e a r c h ha s  f oc us e d i n va c uum pa ne l s  ( Gha zi  e t  a l . 2004, Nus s ba ume r  e t  a l . 2006, 
Si mml e r  & Br unne r  2005) , wi t h t he  ma i n dr a wba c ks  of  pr i c e  a nd dur a bi l i t y, a nd pha s e  c ha nge  
Ex p erimen tal s tu d y o n  th e p erf o rman ce o f  b u ild in g s  with  d if f eren t 
in s u latio n  materials   
A l bert  C as t el l  
GREA Innovació Concurrent, Universitat de Lleida, Lleida, Spain 
M arc M edrano 
GREA Innovació Concurrent, Universitat de Lleida, Lleida, Spain 
Ingri d M art orel l  
GREA Innovació Concurrent, Universitat de Lleida, Lleida, Spain 
Lui s a F. C abez a 
GREA Innovació Concurrent, Universitat de Lleida, Lleida, Spain 
ABST RACT :  It  i s  we l l  known t ha t  i t  i s  ne c e s s a r y t o i ns ul a t e  bui l di ngs  t o de c r e a s e  t he i r  t he r ma l  
de ma nd. Di f f e r e nt  i ns ul a t i on ma t e r i a l s  a r e  a va i l a bl e  i n t he  ma r ke t , but  a l s o di f f e r e nt  c ons t r uc -
t i ve  s ol ut i ons  a ppe a r , c l a i mi ng hi gh i ns ul a t i on pr ope r t i e s . T hos e  s ys t e ms  a r e  us ua l l y c ompa r e d 
by t he i r  t he or e t i c a l  va l ue s , but  ne ve r  c ompa r e d s i de -by-s i de  i n r e a l  c ons t r uc t i ons . T hi s  wor k 
pr e s e nt s  a n e xpe r i me nt a l  c ompa r i s on of  t wo di f f e r e nt  c ons t r uc t i ve  s ol ut i ons :  c onve nt i ona l  br i c k 
a nd a l ve ol a r  br i c k. For  t hi s  pur pos e  f i ve  c ubi c l e s  we r e  bui l t :  f our  of  t he m bui l t  wi t h c onve n-
t i ona l  br i c k a nd di f f e r e nt  i ns ul a t i on ma t e r i a l s , a nd one  bui l t  wi t h a l ve ol a r  br i c k, whi c h i s  s up-
pos e d t o pr ovi de  e nough t he r ma l  i ns ul a t i on by i t s e l f . T he  c ubi c l e s  ha ve  a n e l e c t r i c a l  he a t e r  a nd 
a n a i r  c ondi t i one r  a s  t he  he a t i ng/ c ool i ng s ys t e ms  a nd t he  e ne r gy c ons umpt i on i s  r e gi s t e r e d. 
T he  r e s ul t s  s how a  s i gni f i c a nt  i mpr ove me nt  whe n c ompa r i ng t he  a l ve ol a r  br i c k c ubi c l e  wi t h t he  
r e f e r e nc e  one  ( c onve nt i ona l  br i c k wi t h no i ns ul a t i on) . Howe ve r , t he  t he r ma l  pe r f or ma nc e  i s  
e ve n be t t e r  f or  t he  c ubi c l e s  wi t h c onve nt i ona l  br i c k a nd 5 c m of  i ns ul a t i on. 
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ma t e r i a l s  t o i nc r e a s e  t he  t he r ma l  i ne r t i a  ( Ca be za  2007, Ca s t e l l  2009, Ca s t e l l ón 2009, Sa r i e r  & 
Onde r  2007) . 
T he  goa l  of  t hi s  wor k i s  t o e xpe r i me nt a l l y c ompa r e  t he  t he r ma l  pe r f or ma nc e  of  f i ve  hous e -
l i ke  c ubi c l e s  bui l t  wi t h t ypi c a l  M e di t e r r a ne a n c ons t r uc t i ve  s ol ut i ons  wi t h di f f e r e nt  i ns ul a t i on 
ma t e r i a l s  a nd t e c hnol ogi e s , e s pe c i a l l y c ompa r i ng t he  a l ve ol a r  br i c k c onc e pt . T he  e ne r gy c on-
s umpt i on of  t he  a i r  c ondi t i oni ng a nd he a t i ng s ys t e ms  a r e  me a s ur e d t o be  a bl e  t o a na l yze  t he  r e a l  
e ne r gy s a vi ngs  a c hi e ve d by e a c h s ys t e m. 
 
2 EX PERIM ENT AL SET -UP 
Fi gur e  1 s hows  9 de mons t r a t i on c ubi c l e s  l oc a t e d i n Pui gve r d de  Ll e i da  ( Ll e i da , Spa i n) , bui l t  
wi t h di f f e r e nt  c ons t r uc t i ve  s ol ut i ons  ( Ca be za  e t  a l . 2007, Ca be za  e t  a l . 2009, Ca s t e l l  e t  a l . 2009, 
Ca s t e l l ón e t  a l . 2009) . T wo c onc r e t e  c ubi c l e s  we r e  bui l t  i n 2002 a nd s e ve n br i c k c ubi c l e s  we r e  
bui l t  i n 2007, pr e s e nt i ng a l l  of  t he m t he  s a me  i nt e r na l  di me ns i ons  ( 2.4x2.4x2.4 m) . In t hi s  pa pe r  
t wo di f f e r e nt  c ons t r uc t i ve  s ol ut i ons  a r e  s t udi e d:  c onve nt i ona l  a nd a l ve ol a r  br i c k. For  t hi s  pur -
pos e  f i ve  c ubi c l e s  a r e  c ompa r e d:  
1. Re f e r e nc e  c ubi c l e  ( Re f e r e nc e ) :  T hi s  c ubi c l e  ha s  no i ns ul a t i on. 
2. Pol yur e t ha ne  c ubi c l e  ( PU) :  T he  i ns ul a t i on ma t e r i a l  us e d i s  5 c m of  s pr a y f oa m pol yur e -
t ha ne  ( f r om Synt he s i a ) . 
3. M i ne r a l  wool  c ubi c l e  ( M W ) :  T he  i ns ul a t i on ma t e r i a l  us e d i s  5 c m of  mi ne r a l  wool  
( f r om Roc kwool ) . 
4. Pol ys t yr e ne  c ubi c l e  ( X PS) :  T he  i ns ul a t i on ma t e r i a l  us e d i s  5 c m of  e xt r ude d pol ys t y-
r e ne  ( f r om URSA) . 
5. Al ve ol a r  c ubi c l e  ( Al ve ol a r ) :  T he  a l ve ol a r  br i c k i t s e l f  pr ovi de s  bot h t he r ma l  a nd a c ous -
t i c a l  i ns ul a t i on. 
 
 
Figur e  1 .  E xp e r ime nta l se t-up  lo c a te d  in P uigve r d  d e  Lle id a .  
 
T he  s t r uc t ur e  of  t he  4 c ubi c l e s  bui l t  wi t h c onve nt i ona l  br i c k wa s  ma de  of  4 mor t a r  pi l l a r s  wi t h 
r e i nf or c i ng ba r s , one  i n e a c h e dge  of  t he  c ubi c l e . T he  ba s e  c ons i s t s  of  a  mor t a r  ba s e  of  3x3 me -
t e r s  wi t h c r us he d s t one s  a nd r e i nf or c i ng ba r s . T he  wa l l s  c ons i s t  of  pe r f or a t e d br i c ks  ( 29x14x7.5 
c m)  wi t h a n i ns ul a t i ng ma t e r i a l  ( de pe ndi ng on t he  c ubi c l e )  on t he  e xt e r na l  s i de  a nd pl a s t e r  on 
t he  i nt e r na l  s i de . T he  e xt e r na l  f i ni s h wa s  done  wi t h hol l ow br i c ks  a nd a  c e me nt  mor t a r  f i ni s h. 
Be t we e n t he  pe r f or a t e d br i c ks  a nd t he  hol l ow br i c ks  t he r e  i s  a n a i r  c ha mbe r  of  5 c m. T he  r oof  
wa s  done  us i ng c onc r e t e  pr e c a s t  be a ms  a nd 5 c m of  c onc r e t e  s l a b. T he  i ns ul a t i ng ma t e r i a l  i s  
pl a c e d ove r  t he  c onc r e t e , pr ot e c t e d wi t h a  c e me nt  mor t a r  r oof  wi t h a n i nc l i na t i on of  3%  a nd a  
doubl e  a s pha l t  me mbr a ne . In t he s e  c ubi c l e s  t he r e  a r e  no wi ndows . One  door  i n t he  nor t he r n 
wa l l  i s  t he  onl y ope ni ng. 
For  pr a c t i c a l  r e a s ons , t he  s a me  i ns ul a t i ng ma t e r i a l  t hi c kne s s  wa s  t a ke n f or  t he  t hr e e  c ubi c l e s  
wi t h i ns ul a t i on, i ns t e a d of  ha vi ng t he  s a me  t he r ma l  r e s i s t a nc e  wi t h di f f e r e nt  a nd non-s t a nda r d 
t hi c kne s s e s . A t hi c kne s s  of  5 c m wa s  c hos e n a s  i t  i s  t he  mi ni mum t hi c kne s s  whi c h c ompl i e s  
wi t h t he  Spa ni s h ne w bui l di ng c ode  ( Spa ni s h Bui l di ng Code  2006)  f or  Ll e i da  c l i ma t e  zone  a nd, 
t he r e f or e , wi l l  l i ke l y be  t he  mos t l y us e d f or  ne w c ons t r uc t i on. 
T he  c ubi c l e  bui l t  wi t h a l ve ol a r  br i c k onl y ha d t he  i nt e r na l  a nd e xt e r na l  f i ni s hi ng ( pl a s t e r  a nd 
mor t a r , r e s pe c t i ve l y) . T he  r oof  wa s  bui l d wi t h t he  s a me  s ol ut i on a s  t he  PU c ubi c l e . 
T he  mos t  i mpor t a nt  pr ope r t i e s  of  t he  c ons t r uc t i on ma t e r i a l s  a r e  s hown i n T a bl e  1. Bot h pol y-
ur e t ha ne  a nd pol ys t yr e ne  pr e s e nt  a  ve r y s i mi l a r  t he r ma l  di f f us i vi t y, whi l e  mi ne r a l  wool  pr e s e nt s  
a  l owe r  one . For  t he  a i r  c ha mbe r , t he  e f f e c t i ve  t he r ma l  r e s i s t a nc e  i s  0.18 m 2 K / W . Fi gur e  2 pr e -
s e nt s  a  s e c t i on of  t he  Re f e r e nc e  c ubi c l e  ( no i ns ul a t i on i n t he  wa l l s ) , t he  PU c ubi c l e  ( a s  a n e x-
a mpl e  of  c ubi c l e  wi t h i ns ul a t i on) , a nd t he  a l ve ol a r  c ubi c l e . 
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T a b le  1 .  T he r mo -p hysic a l p r o p e r tie s o f c o nstr uc tio n ma te r ia ls.  
 Sp e c ific  he a t ( J /kg· K )  
T he r ma l c o nd uc tivity 
( W /m· K )  
D e nsity 
( kg/m 3 )  
Ce me nt mo r ta r  1 0 0 0  0 . 7 0 0  1 3 5 0  
H o llo w b r ic k 1 0 0 0  0 . 3 7 5  9 3 0  
P o lyur e tha ne  1 0 0 0  0 . 0 2 8  3 5  
P e r fo r a te d  b r ic k 1 0 0 0  0 . 5 4 3  9 0 0  
Alve o la r  b r ic k 1 0 0 0  0 . 2 7 0  1 0 8 0  
P la ste r ing 1 0 0 0  0 . 5 7 0  1 1 5 0  
Co nc r e te  p r e c a st b e a m 1 0 0 0  0 . 4 7 2  7 6 0  
Co nc r e te  1 0 0 0  1 . 6 5 0  2 1 5 0  
D o ub le  a sp ha lt me mb r a ne  1 0 0 0  0 . 7 0 0  2 1 0 0  
Cr ushe d  sto ne s 1 0 5 0  2 . 0  1 4 5 0  
 
T o e va l ua t e  t he  t he r ma l  pe r f or ma nc e  of  e a c h ma t e r i a l  t he  f ol l owi ng da t a  we r e  r e gi s t e r e d f or  
e a c h c ubi c l e  a t  f i ve  mi nut e s  i nt e r va l s :  
• Int e r na l  wa l l  t e mpe r a t ur e s  ( e a s t , we s t , nor t h, s out h, r oof  a nd f l oor )  a nd a l s o e xt e r na l  
s out h wa l l  t e mpe r a t ur e . 
• Int e r na l  a mbi e nt  t e mpe r a t ur e  a nd humi di t y ( a t  a  he i ght  of  1.5 m) . 
• He a t  f l ux a t  t he  s out h wa l l  ( i ns i de  a nd out s i de ) . 
• El e c t r i c a l  c ons umpt i on of  t he  a i r  c ondi t i one r  or  t he  e l e c t r i c  he a t e r . 
• Sol a r  r a di a t i on. 
• Ext e r na l  a mbi e nt  t e mpe r a t ur e  a nd humi di t y. 
 
 
 
 
  
Figur e  2 .  Se c tio n o f the  c ub ic le s a na lyz e d .  Le ft: Re fe r e nc e ; M id d le : I nsula te d ; Right: Alve o la r .  
 
Al l  t e mpe r a t ur e s  a r e  me a s ur e d us i ng Pt -100 DIN B pr obe s , c a l i br a t e d wi t h a  ma xi mum e r r or  of  
±0.3 º C. T he  a i r  humi di t y s e ns or s  a r e  ELEK T RONIK  EE21FT 6AA21 wi t h a n a c c ur a c y of  ± 2 
% . T he  he a t  f l ux s e ns or s  us e d a r e  HUK SFLUX  HFP01 wi t h a n a c c ur a c y of  ± 5 % . 
T he  e xpe r i me nt a l  s e t -up of f e r s  t he  pos s i bi l i t y t o pe r f or m t wo ki nds  of  t e s t s :  
• Fr e e -f l oa t i ng t e mpe r a t ur e , whe r e  no he a t i ng/ c ool i ng s ys t e m i s  us e d. T he  t e mpe r a t ur e  
c ondi t i ons  i n t he  c ubi c l e s  a r e  c ompa r e d. 
• Cont r ol l e d t e mpe r a t ur e , whe r e  a n a i r  c ondi t i one r  s ys t e m i s  us e d i n s umme r  a nd a n e l e c -
t r i c a l  oi l  r a di a t or  i s  us e d i n wi nt e r  t o s e t  t he  i nt e r na l  a mbi e nt  t e mpe r a t ur e  of  t he  c ubi -
c l e . T he  e ne r gy c ons umpt i on of  t he  c ubi c l e s  i s  c ompa r e d. 
 
3 RESULT S AND DISCUSSION 
T he  e xpe r i me nt a l  s e t -up wa s  bui l t  i n s pr i ng 2007. M a ny da t a  ha s  be e n r e gi s t e r e d dur i ng t he  l a s t  
ye a r s . A we e k of  J ul y ( J ul y 22 s t  t o 29 th , 2008)  i s  pr e s e nt e d we r e  t he  s e t  poi nt  i n t he  a i r  c ondi -
t i one r  s ys t e m  wa s  s e t  t o 24 º C, a nd t he  a ve r a ge  t e mpe r a t ur e s  i ns i de  a l l  t he  c ubi c l e s  we r e  a l wa ys  
wi t hi n t he  r a nge  24 ±0.5 º C. Out s i de  t e mpe r a t ur e s  pr e s e nt  da i l y os c i l l a t i ons  i n t he  r a nge  of  15-
35 º C. Out s i de  t e mpe r a t ur e  pa t t e r ns  a r e  ve r y s i mi l a r  dur i ng t he  we e k, be i ng t he  f i r s t  da y a  bi t  
c ol de r  t ha n t he  r e s t  of  t he  we e k da ys ;  s ol a r  r a di a t i on i s  be t we e n 800 a nd 900 W / m 2  e ve r y da y. 
Fi gur e  3 s hows  t he  a c c umul a t e d e l e c t r i c a l  c ons umpt i on of  t he  a i r  c ondi t i one r s . T he  e ne r gy 
us e d t o c ool  t he  r e f e r e nc e  c ubi c l e  i s  muc h hi ghe r  t ha n t ha t  of  t he  i ns ul a t e d a nd a l ve ol a r  c ubi -
c l e s . T he  di f f e r e nc e s  a mong i ns ul a t e d a nd a l ve ol a r  c ubi c l e s  a r e  s ma l l e r , be i ng t he  c ons umpt i on 
of  t he  pol yur e t ha ne  c ubi c l e  t he  l owe s t  one  ( 49 %  l e s s  t ha n t he  Re f e r e nc e  c ubi c l e ) . On t he  ot he r  
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ha nd, t he  M i ne r a l  W ool  a nd Pol ys t yr e ne  c ons ume s  46 %  a nd 45 %  l e s s  e ne r gy t ha t  t he  Re f e r -
e nc e  c ubi c l e , r e s pe c t i ve l y. Fi na l l y, t he  Al ve ol a r  c ubi c l e  c ons ume d 41 %  l e s s  t ha n t he  Re f e r e nc e  
one . 
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Figur e  3 .  Ac c umula te d  e ne r gy c o nsump tio n o f the  d iffe r e nt c ub ic le s d ur ing o ne  we e k o f summe r .  Se t-
p o int o f 2 4  º C.  
3.1 Extrapolation of monthly consumptions 
Fi gur e  4 pr e s e nt s  t he  c ompa r i s on of  t he  e s t i ma t e d mont hl y e ne r gy c ons umpt i on f or  t he  f i ve  di f -
f e r e nt  c ubi c l e s  i n s umme r  pe r i od. T he  i nc l us i on of  t he  t he r ma l  i ns ul a t i on l e a ds  t o a n i mpor t a nt  
de c r e a s e  i n t he  e ne r gy c ons umpt i on f or  a i r  c ondi t i oni ng ( r e duc t i ons  of  49-41 % ) . T he  PUR c u-
bi c l e  pr e s e nt s  t he  l owe s t  e ne r gy c ons umpt i on ( 6 t o 14 %  l owe r  t ha n t he  ot he r  i ns ul a t e d a nd a l -
ve ol a r  c ubi c l e s ) . On t he  ot he r  ha nd, t he  Al ve ol a r  c ubi c l e  pr e s e nt s  a n e ne r gy c ons umpt i on 7-14 
hi ghe r  t ha n t he  i ns ul a t e d c ubi c l e s  but  41 %  l owe r  t ha n t he  Re f e r e nc e  one . 
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Figur e  4 .  E xtr a p o la te d  e ne r gy c o nsump tio n o f the  d iffe r e nt c ub ic le s d ur ing o ne  mo nth o f summe r .  Se t-
p o int o f 2 4  º C.  
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4 CONCLUSIONS 
In t hi s  pa pe r  a n e xpe r i me nt a l  s e t -up t o e va l ua t e  t he  i nf l ue nc e  of  di f f e r e nt  i ns ul a t i on ma t e r i a l s  i n 
bui l di ngs  i s  pr e s e nt e d. Se ve r a l  c ubi c l e s  we r e  c ons t r uc t e d a nd i ns t r ume nt e d t o me a s ur e  t he  e n-
e r gy c ons umpt i on dur i ng t he  ye a r . Re s ul t s  s how t ha t  i ns ul a t i on i s  r e qui r e d t o dr a ma t i c a l l y r e -
duc e  t he  e ne r gy c ons umpt i on i n bui l di ngs , a nd t he r e f or e  t he  a s s oc i a t e d CO 2  e mi s s i ons . 
T he  c ompa r i s on be t we e n i ns ul a t e d c ubi c l e s  s hows  a  be t t e r  be ha vi or  of  t he  pol yur e t ha ne  c u-
bi c l e . Howe ve r , t he  a l ve ol a r  c ubi c l e , whi c h onl y ha s  a l ve ol a r  br i c k t o pr ovi de  i ns ul a t i on a nd a s  
s t r uc t ur a l  ma t e r i a l , pr e s e nt s  a  be ha vi or  muc h be t t e r  t ha n t he  Re f e r e nc e  c ubi c l e  ( a bout  40 %  of  
e ne r gy r e duc t i on)  a nd s l i ght l y wor s t  t ha n t he  i ns ul a t e d one s  ( 7 t o 14 %  hi ghe r  e ne r gy c ons ump-
t i on) . T hi s  de mons t r a t e s  t he  good be ha vi or  of  s uc h a  c ons t r uc t i ve  s ol ut i on, whi c h a l l ows  r e duc -
i ng t he  c ons t r uc t i on t i me , s i nc e  onl y one  l a ye r  i s  ne c e s s a r y. Al s o t he r ma l  br i dge s  due  t o ba d i n-
s t a l l a t i on of  t he  i ns ul a t i on c a n be  a voi de d. 
Ne w e xpe r i me nt s  wi l l  be  pe r f or me d a nd dyna mi c  t he r ma l  c ondi t i ons  wi l l  be  e va l ua t e d i n t he  
f ut ur e  t o de t e r mi ne  t he  e f f e c t  of  t he  t he r ma l  i ne r t i a  i n t he  c omf or t  c ondi t i ons  i ns i de  t he  c ubi c l e . 
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1 CONT EX T  
T he  It a l i a n Gui de l i ne s  f or  Bui l di ngs  Ene r gy Ce r t i f i c a t i on ( DM  26/ 06/ 09)  de f i ne  t he  a s s e s s me nt  
of  bui l di ngs  pe r f or ma nc e s ;  t he y i de nt i f y DOCET  a s  t he  na t i ona l  t ool  f or  t he  c a l c ul a t i on of  pr i -
ma r y e ne r gy f or  he a t i ng ( EP i )  a nd f or  DHW  ( EP AC S ) , a c c or di ng t o na t i ona l  s t a nda r ds . T he  s of t -
wa r e  i s  f r e e  of  c ha r ge  a va i l a bl e  on t he  we bs i t e  www.doc e t .i t c .c nr .i t . DOCET  i nvol ve s  s t a nda r d 
e ne r gy r a t i ng c a l c ul a t e d wi t h a c t ua l  da t a  f or  t he  bui l di ng a nd s t a nda r d us e  da t a  s e t . It  r e pr e s e nt s  
t he  i nt r i ns i c  a nnua l  e ne r gy us e  of  a  bui l di ng unde r  s t a nda r di ze d c ondi t i ons . T hi s  i s  pa r t i c ul a r l y 
r e l e va nt  t o t he  c e r t i f i c a t i on of  s t a nda r d e ne r gy pe r f or ma nc e . 
 
Natio n al p o rtal f o r th e en erg y certif icatio n  o f  b u ild in g s : DOC ET 
Ludovi co Danz a   
Construction Technologies Institute - Italian National Research Council 
Lorenz o Bel us s i  
Construction Technologies Institute - Italian National Research Council 
It al o M eroni  
Construction Technologies Institute - Italian National Research Council 
ABST RACT :  Eur ope a n Di r e c t i ve  2002/ 91/ CE on t he  e ne r gy pe r f or ma nc e  of  bui l di ngs  pr ovi de s  
t ha t  “ [ … ]  M e mbe r  s t a t e s  s ha l l  a ppl y t he  me t hodol ogy f or  t he  c a l c ul a t i on of  t he  e ne r gy pe r f or -
ma nc e  of  bui l di ngs  [ … ] ” , Ar t i c l e  3, a nd pr ovi de s  f or  t he  de f i ni t i on of  s i mpl i f i e d me t hods  f or  
e ne r gy c e r t i f i c a t i on pur pos e s  i n or de r  t o r e duc e  t he  c os t s  t o be  bor ne  by f i na l  us e r s .  
In It a l y, t he  r e gul a t or y f r a me wor k on t he  e ne r gy pe r f or ma nc e  of  bui l di ngs  ha s  be e n t r a ns pos e d 
t hr ough UNI T S 11300-1/ 2 T e c hni c a l  St a nda r ds ;  t ha nks  t o t he  r e c e nt  publ i c a t i on of  Na t i ona l  
Gui de l i ne s  f or  t he  Ene r gy Ce r t i f i c a t i on of  Bui l di ngs , M i ni s t e r i a l  De c r e e  26 J une  2009, t he  pr o-
c e dur e s  f or  t he  i s s ui ng of  t he  e ne r gy c e r t i f i c a t e  f or  bui l di ngs  ha ve  be e n r e gul a t e d a t  na t i ona l  
l e ve l . Ar t i c l e  5, Anne x A of  t he  a bove  me nt i one d De c r e e  pr ovi de s  f or  t he  us e  of  t he  c a l c ul a t i on 
me t hod i mpl e me nt e d i n t he  DOCET  s of t wa r e , f or  t he  c a l c ul a t i on of  t he  e ne r gy pe r f or ma nc e  i n-
de x f or  he a t i ng a nd f or  t he  pr oduc t i on of  dome s t i c  hot  wa t e r  i n c a s e  of  a s s e t  r a t i ng c a l c ul a t i on 
me t hod. 
DOCET  i s  a  c a l c ul a t i on t ool  f or  t he  e ne r gy c e r t i f i c a t i on of  bui l di ngs  de ve l ope d a nd i mpl e -
me nt e d by IT C-CNR, t he  Cons t r uc t i on T e c hnol ogi e s  Ins t i t ut e  of  t he  It a l i a n Na t i ona l  Re s e a r c h 
Counc i l  a nd ENEA, t he  It a l i a n Na t i ona l  Age nc y f or  Ne w T e c hnol ogi e s , Ene r gy a nd t he  Sus -
t a i na bl e  Ec onomi c  De ve l opme nt . T he s e  t wo bodi e s  a r e  i n c ha r ge , a t  na t i ona l  l e ve l , of  t he  r e -
s e a r c h a c t i vi t i e s  c a r r i e d out  i n t he  f i e l d of  e ne r gy e f f i c i e nc y of  bui l di ngs . 
T he  i de a  be hi nd t he  DOCET  s of t wa r e  i s  t o c r e a t e  a  c a l c ul a t i on t ool  wi t h a  s i mpl i f i e d i nt e r f a c e  
f or  t he  e ne r gy c e r t i f i c a t i on of  e xi s t i ng r e s i de nt i a l  bui l di ngs . It s  obj e c t i ve  i s  t o a c t  a s  a  na t i ona l  
r e f e r e nc e  por t a l  f or  t he  e ne r gy c e r t i f i c a t i on of  bui l di ngs  a s  we l l  a s  t o e f f e c t i ve l y s uppor t  t he  
i de nt i f i c a t i on of  t he  ma i n e ne r gy c r i t e r i a  t o be  us e d f or  t he  e va l ua t i on of  t he  e nvi r onme nt a l  s us -
t a i na bi l i t y of  bui l di ngs . 
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2 SOFT W ARE ARCHIT ECT URE 
T he  t ool  i s  ba s e d on t he  mont hl y ba l a nc e  me t hod, a i me d a t  t he  e ne r gy c e r t i f i c a t i on of  bui l di ngs , 
a c c or di ng t o di f f e r e nt  us e s . 
DOCET  c ome s  out  f r om t he  r e s e a r c h of  s i mpl i f i e d a ppr oa c he s  t o f a c i l i t a t e  da t a  e nt r y by us -
e r s  wi t hout  s pe c i a l  e xpe r t i s e , de f i ni ng a n i nt e r f a c e  t ha t  qua l i f i e s  e xi s t i ng bui l di ngs , a nd i s  e a s i -
l y r e pr oduc i bl e . Ac t ua l l y t hi s  t ool  i s  c ha r a c t e r i ze d by hi gh s i mpl i f i c a t i on of  i nput  da t a  a nd t he  
r e pr oduc i bi l i t y of  a na l ys i s , but  wi t hout  di s r e ga r di ng t he  a c c ur a c y of  t he  r e s ul t . 
T he  c a l c ul a t i on of  t he  ne t  e ne r gy f or  he a t i ng i s  c a r r i e d out  a c c or di ng t o t he  UNI T S 11300 
pa r t  1, whi c h de f i ne s  t he  ne t  e ne r gy a s  t he  ba l a nc e  of   he a t  l os s e s  a nd he a t  ga i ns . 
T he  pr i ma r y e ne r gy f or  he a t i ng i s  c a l c ul a t e d a c c or di ng t o t he  me t hodol ogy l a i d down i n UNI 
T S 11300 pa r t  2, whi c h de f i ne s  t he  pr i ma r y e ne r gy a s  t he  ba l a nc e  of  he a t  l os s  a nd he a t  a nd 
e l e c t r i c a l  r e c ove r y f or  e ve r y s ubs ys t e m of  t he  he a t i ng a nd dome s t i c  hot  wa t e r  s ys t e m. 
DOCET  e va l ua t e s  t he  e ne r gy bui l di ngs  pe r f or ma nc e s  a c c or di ng t o t he  me t hods  a nd i ndi c a -
t or s  de ve l ope d wi t hi n CEN, a l l owi ng t hr e e  s t e ps  of  c a l c ul a t i on:  
• Ne t  e ne r gy, de f i ne d a s  t he  e ne r gy ne e de d t o me e t  c omf or t  c r i t e r i a , t a ki ng i nt o a c c ount  
t he  t he r ma l  l os s e s  a nd ga i ns ;  t hi s  pa r a me t e r  va r i e s  de pe ndi ng on t he  t he r ma l  t r a ns mi t -
t a nc e , or i e nt a t i on, s ha pe  f a c t or , pr of i l e s  of  us e , e t c ., a nd ba s i c a l l y i ndi c a t e s  t ha t  t he  
a r c hi t e c t ur a l  a nd c ons t r uc t i on s ol ut i ons  a r e  f i t  f or  t he  bui l di ng e nve l ope ;  
• De l i ve r e d e ne r gy, de f i ne d a s  t he  e ne r gy a c t ua l l y me a s ur a bl e  a t  t he  " powe r  me t e r " ;  t he  
c a l c ul a t i on de pe nds  on t he  t ype  of  t e c hnol ogi c a l  s ys t e ms  i ns t a l l e d, t he i r  e f f i c i e nc y a nd 
t he  pe r f or ma nc e  f a c t or , a nd gi ve s  c ompr e he ns i ve  i nf or ma t i on on t he  e f f i c i e nc y of  t he  
“ bui l di ng-pl a nt  s ys t e m” ;  
• Pr i ma r y e ne r gy, de f i ne d a s  t he  a c t ua l  c ons umpt i on of  non-r e ne wa bl e  r e s our c e s , de -
pe ndi ng on t he  f ue l  us e d a nd t he  a c t ua l  us e  of  r e ne wa bl e  e ne r gy s our c e s . 
Ac c or di ng t o t he  Eur ope a n EPBD ( Ene r gy Pe r f or ma nc e  of  Bui l di ngs  Di r e c t i ve )  nor ma t i ve  
f r a me wor k t he  e ne r gy c e r t i f i c a t e  mus t  be  a c c ompa ni e d wi t h r e c omme nda t i ons  f or  t he  i m-
pr ove me nt  of  t he  e ne r gy e f f i c i e nc y of  t he  bui l di ng. DOCET  c ont a i ns  a  s e c t i on de vot e d t o t he  
c os t -be ne f i t  a na l ys i s , i n whi c h pos s i bl e  e ne r gy-e f f i c i e nc y r e f ur bi s hme nt  a c t i ons  a r e  e va l ua t e d 
f r om t he  poi nt  of  vi e w of  i mpr ovi ng pe r f or ma nc e  a nd t he  e c onomi c  a nd f i na nc i a l  i mpa c t ;  t o 
t hi s  e nd, t he  s i mpl e  pa yba c k t i me  of  i nve s t me nt  i s  c a l c ul a t e d. 
T he  ove r a l l  s t r uc t ur e  of  t he  s of t wa r e  i s  de s i gne d a nd de ve l ope d a c c or di ng t o c r i t e r i a  of  s i m-
pl i c i t y, c l a r i t y a nd i nt ui t i ve ne s s . 
T he  t ool  qua nt i t a t i ve l y a ut oma t i c a l l y de f i ne s  a l l  qua l i t a t i ve  da t a  e nt e r e d. 
2.1 Net energy 
T he  ne t  e ne r gy f or  he a t i ng, Q H, nd , a nd f or  c ool i ng, Q C , nd , e xpr e s s e d i n kW h, i s  de t e r mi ne d by t he  
ba l a nc e  of  l os s e s  ( t r a ns mi s s i on a nd ve nt i l a t i on)  a nd ga i ns  ( i nt e r na l  a nd s ol a r  ga i ns ) , a c c or di ng 
t o t he  f ol l owi ng f or mul a s :  
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whe r e :  Q H, tr  =  t ot a l  he a t  t r a ns f e r  by t r a ns mi s s i on f or  he a t i ng;  Q C , tr  =  i s  t he  t ot a l  he a t  t r a ns f e r  
by t r a ns mi s s i on f or  c ool i ng;  Q H, ve  =  i s  t he  t ot a l  he a t  t r a ns f e r  by ve nt i l a t i on f or  he a t i ng;  Q C , ve  =  
i s  t he  t ot a l  he a t  t r a ns f e r  by t r a ns mi s s i on f or  c ool i ng;  Q int  =  i s  t he  s um of  i nt e r na l  he a t  ga i ns  ove r  
t he  gi ve n pe r i od;  Q s ol  =  i s  t he  s um of  s ol a r  he a t  ga i ns  ove r  t he  gi ve n pe r i od;  ηH  =  i s  t he  di me n-
s i onl e s s  ga i n ut i l i za t i on f a c t or ;  η c  =  i s  t he  di me ns i onl e s s  ut i l i za t i on f a c t or  f or  he a t  l os s e s . 
In t hi s  s e c t i on t he  us e r s  c a n e nt e r  t he  c ha r a c t e r i s t i c s  of  t he  bui l di ng e nve l ope , s uc h a s :  ge o-
gr a phi c a l  l oc a t i on ( pr ovi nc e , muni c i pa l i t y, de gr e e s / da y, l a t i t ude , a l t i t ude , e t c .) ;  ge ome t r y of  t he  
bui l di ng;  t he r mo-phys i c a l  f e a t ur e s  of  opa que  a nd t r a ns pa r e nt  t e c hni c a l  e l e me nt s  ( t he r ma l  
t r a ns mi t t a nc e , s ur f a c e  c ol our i ng, s ol a r  f a c t or , e t c .) . Fr om l i mi t e d da t a , t he  s of t wa r e  r e c ogni ze s  
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a nd de f i ne s  t he  di me ns i ons  a nd t he  phys i c a l  c ha r a c t e r i s t i c s  of  t he  e nve l ope ;  t he  us e r s  c a n mod-
i f y t he s e  i nt e r me di a t e  r e s ul t s .  
2.2 Delivered energy 
T he  e ne r gy de l i ve r e d f or  he a t i ng a nd/ or  f or  t he  pr oduc t i on of  hot  wa t e r  f or  dome s t i c  us e  de -
pe nds  on t he  t e c hnol ogi c a l  s ys t e ms  i ns t a l l e d. T he  he a t  pr oduc i ng s ys t e ms  c a n be  di vi de d i nt o 
t he  f ol l owi ng s ubs ys t e ms :  
• He a t i ng:  e mi s s i on, r e gul a t i on, di s t r i but i on, s t oke , ge ne r a t i on;  
• DHW  pr oduc t i on:  e mi s s i on;  di s t r i but i on;  s t oke ;  ge ne r a t i on. 
For  e a c h s ubs ys t e m t he  f ol l owi ng s ha l l  be  de t e r mi ne d:  
• T ot a l  a mount  of  e ne r gy e nt e r i ng t he  s ubs ys t e m;  
• T ot a l  a uxi l i a r y e ne r gy of  t he  s ubs ys t e m;  
• Los s e s . 
T he  t ool  i s  a l s o a bl e  t o a s s e s s  t he  c ont r i but i on obt a i ne d by a ppl yi ng s ol a r  c ol l e c t or s  a nd 
phot ovol t a i c  pa ne l s . 
2.3 Primary energy and certification tool 
T he  pr i ma r y e ne r gy i s  de f i ne d a s  t he  e ne r gy pot e nt i a l  pr e s e nt e d by c a r r i e r s  a nd e ne r gy s our c e s  
i n t he i r  na t ur a l  f or m, i .e . e ne r gy t ha t  i s  not  s ubj e c t  t o a ny c onve r s i on or  t r a ns f or ma t i on pr oc e s s ;  
t he  t ool  a dds  di f f e r e nt  f or ms  of  e ne r gy s uc h a s  f ue l  ( na t ur a l  ga s , oi l , bi oma s s , e t c .) , s e l f -
pr oduc e d or  pur c ha s e d e l e c t r i c  e ne r gy, de r i ve d f r om r e ne wa bl e  s our c e s  ( ge ot he r ma l , hydr oe l e c -
t r i c , wi nd, e t c .)  or  f os s i l s . 
DOCET  i s  a  s of t wa r e  de di c a t e d t o e ne r gy c e r t i f i c a t i on of  r e s i de nt i a l  bui l di ngs ;  t he  a na l ys i s  
of  ne t  a nd pr i ma r y e ne r gy de f i ne s  t he  e ne r gy pe r f or ma nc e s  of  t he  bui l di ng. T he  i nput s  a nd out -
put s  c a l c ul a t e d by DOCET  a r e  e nt e r e d i n t he  e ne r gy c e r t i f i c a t e , a c c or di ng t o t he  Na t i ona l  
Gui de l i ne s  f or  Bui l di ngs  Ene r gy Ce r t i f i c a t i on. 
2.4 Energy diagnosis 
In t he  l a s t  s e c t i on of  t he  t ool , i t  i s  pos s i bl e  t o de f i ne  i mpr ove me nt s  of  pe r f or ma nc e s  of  t he  
bui l di ng, modi f yi ng s ome  t he r ma l  i ndi c a t or s  s uc h a s  t he r ma l  t r a ns mi t t a nc e  a nd he a t i ng s ys t e m 
e f f i c i e nc y, a c c or di ng t o t he  It a l i a n De c r e e  La w 192/ 2005 whi c h de f i ne s  t he  mi ni mum r e qui r e -
me nt s  on t he  e ne r gy pe r f or ma nc e  of  bui l di ngs .  
DOCET  i nvol ve s  “ Re c omme nda t i ons ”  t o e va l ua t e  e ne r gy-e f f i c i e nc y r e f ur bi s hme nt  a c t i ons  
by a  qua nt i t a t i ve  poi nt  of  vi e w, a nd “ Pa r a me t r i c  a na l ys i s ”  t o e va l ua t e  e ne r gy be ha vi or  of  t he  
bui l di ng de pe ndi ng on t he  va r i a t i on of  s ome  phys i c a l  qua nt i t i e s , s uc h a s  t he r ma l  t r a ns mi t t a nc e  
a nd pl a nt  e f f i c i e nc y.  
 
T he  “ Re c omme nda t i ons ”  s e c t i on ve r i f i e s  i n r e a l  t i me  t he  i mpr ove me nt  of  e ne r gy pe r f or -
ma nc e , i n t e r ms  of  ne t  e ne r gy, pr i ma r y e ne r gy, de l i ve r e d e ne r gy, CO 2  e mi s s i ons  a nd e ne r gy 
pe r f or ma nc e  c l a s s i f i c a t i on of  t he  bui l di ng, a s  s pe c i f i e d i n Na t i ona l  Gui de l i ne s . In t hi s  s e c t i on, i t  
i s  pos s i bl e  t o i mpr ove  t he r ma l  t r a ns mi t t a nc e  of  bui l di ng e l e me nt s , pl a nt  e f f i c i e nc y a nd DHW  
pi pe  i ns ul a t i on wi t h va l ue s  c or r e s pondi ng t o t he  l i mi t s  i mpos e d by It a l i a n De c r e e  La w 
311/ 2006 ( s e e  f i gur e  1) . 
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Figur e  1 .  R e c o mme nd a tio ns 
 
“ Pa r a me t r i c  a na l ys i s ”  e va l ua t e s  t he  t he r ma l  pe r f or ma nc e s  ( ne t  e ne r gy f or  he a t i ng a nd c ool -
i ng)  of  bui l di ngs , a s  t he  t he r ma l  t r a ns mi t t a nc e  of  opa que  or  t r a ns pa r e nt  c ompone nt s  c ha nge s , a s  
de f i ne d i n f i gur e  2. 
T hi s  s e c t i on a l s o c ont a i ns  t he  “ s e ns i t i ve  a na l ys i s ”  t ha t  i de nt i f i e s  t he  mos t  s e ns i t i ve  pa r a me -
t e r s  a mong t he r ma l  t r a ns mi t t a nc e  of  ve r t i c a l  wa l l s , r oof , gr ound a nd door s , g-va l ue  of  t he  t r a ns -
pa r e nt  e l e me nt s  a nd pl a nt  e f f i c i e nc y, a nd a l l ows  t o c ompa r e  t he m i n a  r a da r  di a gr a m, a s  de f i ne d 
i n f i gur e  3. T he  hi ghe s t  va l ue s  c or r e s pond t o a  hi gh pr i or i t y f or  r e f ur bi s hme nt s . 
 
 
 
Figur e  2 .  P a r a me tr ic  a na lysis  
 
 
 
Le ge nd :  
1. t he r ma l  t r a ns mi t t a nc e  of  wa l l s ;  
2. t he r ma l  t r a ns mi t t a nc e  of  r oof ;  
3. t he r ma l  t r a ns mi t t a nc e  of  f l oor ;  
4. t he r ma l  t r a ns mi t t a nc e  of  wi ndows ;  
5. g-va l ue ;  
6. he a t i ng s ys t e m e f f i c i e nc y. 
 
 
 
Figur e  3 .  Se nsitive  a na lysis  
Portugal SB10: Sustainable Building Affordable to All
530
3 CONCLUSIONS 
Ac c or di ng t o pr omot i on a c t i vi t i e s  a nd a wa r e ne s s  of  us e r s  of  t he  Eur ope a n Uni on a bout  t he  
e ne r gy pe r f or ma nc e  a nd c e r t i f i c a t i on of  bui l di ngs , t he  It a l i a n r e gul a t or y f r a me wor k ( D.Lgs  
192/ 2005, D.Lgs  115/ 2008, DPR 59/ 2009 a nd Na t i ona l  Gui de l i ne s  f or  e ne r gy c e r t i f i c a t i on)  i s  
a i me d a t  c ont a i ni ng c os t s  f or  e nd us e r s , t o ha ve  s i mpl i f i e d c a l c ul a t i on me t hods  a nd t o s i mpl i f y 
pr oc e dur e s . 
T he  i de a  be hi nd t he  DOCET  s of t wa r e  i s  t o c r e a t e  a  c a l c ul a t i on t ool  wi t h a  s i mpl i f i e d i nt e r -
f a c e  f or  t he  e ne r gy c e r t i f i c a t i on of  e xi s t i ng r e s i de nt i a l  bui l di ngs .  
It s  obj e c t i ve  i s  t o a c t  a s  a  na t i ona l  r e f e r e nc e  por t a l  f or  t he  e ne r gy c e r t i f i c a t i on of  bui l di ngs  a s  
we l l  a s  t o e f f e c t i ve l y s uppor t  t he  i de nt i f i c a t i on of  t he  ma i n e ne r gy c r i t e r i a  t o be  us e d f or  t he  
e va l ua t i on of  t he  e nvi r onme nt a l  s us t a i na bi l i t y of  bui l di ngs . 
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1 INT RODUCT ION  
T he  bui l di ng a nd c ons t r uc t i on s e c t or  i s  a  ke y s e c t or  t owa r d s us t a i na bi l i t y. T he  l i f e  c yc l e  of  a  
bui l di ngs  pr oduc e  s oc i a l  a nd e c onomi c  be ne f i t s  t o s oc i e t y, s pe c i a l l y f or  de ve l opi ng c ount r i e s , 
but  a t  t he  s a me  t i me  bui l di ngs  ma y ha ve  a  s e r i ous  ne ga t i ve  i mpa c t  on t he  e nvi r onme nt . 
Al t hough mor e  t he n 160 c ount r i e s  s ubs c r i be d t he  K yot o Pr ot oc ol  a nd s e ve r a l  c ont i ne nt s  ha ve  
pr omot e  be t t e r s  e nvi r onme nt a l  pe r f or ma nc e s  i n pr oduc t i on a nd bui l di ng s e c t or s , wor l d wi de  t he  
f os s i l  f ue l  e ne r gy ne e ds  s t i l l  i nc r e a s e , a s  we l l  a s  di oxi de  c a r bon ( CO 2 ) e mi s s i ons .  
W i t h r e ga r d of  bui l di ng l i f e  c yc l e , “ us e ”  c a n be  a s s ume d a s  t he  mos t  r e l e va nt  s t a ge . T he     
e ne r gy de ma nd f or  he a t i ng a nd c ool i ng, f or  l i ght i ng a nd f or  t he  wa r m wa t e r  c ons umpt i on c a us -
e s  t he  l a r ge s t  e ne r gy a nd e nvi r onme nt a l  i mpa c t  i f  c ompa r e d wi t h ot he r  l i f e  c yc l e  s t a ge s , s uc h a s  
pr oduc t i on, ma i nt e na nc e  a nd f i na l  di s pos a l .  
T he  Eur ope a n Di r e c t i ve  2002/ 91/ CE a nd 2006/ 32/ CE a r e  t wo i mpor t a nt  e xa mpl e  of  t he  EU 
s t a t e me nt  wi t hi n t he  “ us e  s t a ge ”  i n or de r  t o r e duc i ng e ne r gy ne e ds  of  a  bui l di ng. 
In t he  ot he r  bui l di ng l i f e  c yc l e  s t a ge s  i t  i s  not  us ua l  f i ndi ng c ompul s or y r e gul a t i ons  wi t h t he  
e xc e pt i on of  t he  EU Di r e c t i ve  2005/ 32/ CE a nd t he  ne we s t  2009/ 125/ CE. In a ny wa y i n Eur ope  
t he r e  a r e  not  t hr e s hol ds  c onc e r ni ng t he  e nvi r onme nt a l  i mpa c t  of  bui l di ng ma t e r i a l s  e ve n onl y 
f or  pr oduc t i on s t a ge . 
If  c ompa r e d wi t h e ne r gy c ons umpt i on i n us e  s t a ge , pr oduc t i on of  bui l di ng ma t e r i a l s  i s  not  a  
ne gl i gi bl e . Ea c h ye a r  a bout  t hr e e  bi l l i on t one s  of  r a w ma t e r i a l s  ( 40-50%  of  t ot a l  f l ow e xt r a c t e d)  
a r e  us e d wor l dwi de  t o ma nuf a c t ur i ng bui l di ng pr oduc t s  a nd c ompone nt s . Fur t he r mor e  r a w ma -
t e r i a l s  whe n pr oc e s s e d i nt o bui l di ng pr oduc t s  ne e d e ne r gy r e s our c e s  a nd r e a l i ze  e mi s s i ons  - 
e ve n ha r mf ul  – t o a i r , wa t e r  a nd s oi l . 
In pa r t i c ul a r , bui l di ng pr oduc t s  a r e  he a vy c ons ume r s  of  hi gh e mbodi e d e ne r gy c ont e nt , s uc h 
a s  a l umi num, s t e e l , pol yur e t ha ne , c e me nt , e t c . 
Eco lo g ical F o o tp rin t: a “ s witch ed  o n ”, a “ s witch ed  o f f ” an d  “ o n  
th e mo v e” in d icato r s  f o r eco co mp atib ility b u ild in g  as s es s men t 
R obert o Gi ordano, S i l vi a Tedes co   
Polytechnic of Turin, Turin, Italy 
ABST RACT :  Ec ol ogi c a l  Foot pr i nt  ( EF) , f i t t e d f or  bui l di ng s e c t or , mi ght  be  c ons i de r e d a n e f -
f e c t i ve  t ool  wi t hi n moni t or i ng a nd e va l ua t i ng a c t i vi t i e s  e s t i ma t i ng t he  “ ha / pe r  c a pi t a ”  ne e di ng 
t o bui l d up, us e  a nd pul l  down a  bui l di ng, t ha nks  t o onl y one  i ndi c a t or . T he  pa pe r  de a l  wi t h t he  
r e s ul t s  of  r e s e a r c h a i me d a t  s umma r i zi ng a nd put t i ng i nt o pr a c t i c e  t he  e nvi r onme nt a l  pe r f or -
ma nc e s  of  a  bui l di ng t hr ough a n i nt e gr a t e d a ppr oa c h:  t he  “ s wi t c he d on”  Ec ol ogi c a l  Foot pr i nt , 
r e l a t e d t o e ne r gy c ons umpt i on f or  he a t i ng, c ool i ng a nd l i ght i ng t he  bui l di ng;  t he  “ s wi t c he d of f ”  
Ec ol ogi c a l  Foot pr i nt , r e l a t e d t o e c oc ompa t i bi l i t y of  pr oduc t i on, c ons t r uc t i on a nd ma i nt e na nc e  
s t a ge s , f i na l l y t he  “ on t he  move ”  Ec ol ogi c a l  Foot pr i nt  r e l a t e d t o t r a ns por t  s t a ge . Fur t he r  t he  r e -
s e a r c h ha s  de ve l ope d a  da t a ba s e  a nd a  s i mpl i f i e d t ool  wi t h t he  a i m of  “ s pe e di ng up”  t he  a s -
s e s s me nt  pr oc e s s . 
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Fi na l l y r a w ma t e r i a l s  a nd bui l di ng pr oduc t s  ne e d t o be  t r a ns por t e d a ddi ng f ur t he r  e ne r gy 
c ons umpt i on a nd e mi s s i ons , e s pe c i a l l y whe n e xt r a c t e d a nd pr oc e s s e d f a r a wa y f r om ma nuf a c -
t ur e  a nd c ons t r uc t i on s i t e s . 
In or de r  t o a s s e s s  t he  e nvi r onme nt a l  i mpa c t  of  a  bui l di ng i n i t s  whol e  l i f e  c yc l e  a n i nc r e a s i ng 
numbe r s  of  mode l s  a nd t ool s  ha ve  be e n de ve l ope d i n t he  l a s t  f i f t e e n ye a r s , s uc h a s  BREEAM , 
LEED, GBC, e t c .. Ea c h one  of  t he  me nt i one d mode l  a nd t ool  i s  ba s e d on i ndi c a t or s  a nd on a  
c or r e s pondi ng s c or e  s ys t e m. 
For  s ome  i ndi c a t or s  t he  s c or i ng c a n be  a s s e s s e d t hr ough me t hodol ogi c a l  a ppr oa c h r e s ul t i ng 
f r om bui l di ng r e gul a t i ons , c ode  a nd c e r t i f i c a t i on s ys t e ms . T hus  t he  a s s e s s me nt  pr oc e dur e  i s  not  
pa r t i c ul a r l y t r i c ky a nd t he  da t a  i nf or ma t i on s ys t e m i s  us ua l l y we l l  or ga ni ze d a nd de f i ne d wi t hi n 
t e c hni c a l  s t a nda r ds  ( e .g. UNI EN s t a nda r ds ) . For  s ome  ot he r  i ndi c a t or s  t he  s c or i ng c a n not  be  
e a s i l y e va l ua t e d.  
In pr oduc t i on a nd t r a ns por t a t i on s t a ge s  Li f e  Cyc l e  As s e s s me nt  i s  t he  r e f e r e nc e  f r a me wor k 
f or  a s s e s s i ng e ne r gy a nd e nvi r onme nt a l  i mpa c t s . Nowa da ys  s e ve r a l  LCA mode l s  c a n be  
a dopt e d by de s i gne r s  but  of t e n t he y a r e  not  c ons i s t e nt  t o a r c hi t e c t ur e  a nd c i vi l  e ngi ne e r i ng 
ne e ds , or  t he y a r e  c us t omi ze d f or  bui l di ng s ys t e ms  onl y s ui t a bl e  i n s ome  c ount r i e s . ( e .g. Eu-
r ope , USA a nd J a pa n bui l d up a  bui l di ng wi t h di f f e r e nt  e l e me nt s , c ompone nt s  a nd s ys t e ms ) . 
T he  ma i n obj e c t  of  t he  r e s e a r c h c a r r i e d out  by t he  t e a m of  Pol yt e c hni c  of  T ur i n wa s  t o de -
ve l op a  s i mpl i f i e d mode l  a i me d a t  ha r moni zi ng t he  me t hodol ogi c a l  a ppr oa c he s  c ha r a c t e r i zi ng 
t he  s e ve r a l  l i f e  c yc l e  s t a ge s  of  a  bui l di ng wi t h pa r t i c ul a r  r e f e r e nc e  t o us e  a nd pr oduc t i on by 
me a ns  of  t he  Ec ol ogi c a l  Foot pr i nt  Ac c ount  t a i l or e d t o bui l di ng a nd bui l di ng s ys t e ms  a s  we l l . 
2 ECOLOGICAL FOOT PRINT  ACCOUNT ING  
T he  Ec ol ogi c a l  Foot pr i nt  ( EF)  i s  a n i ndi c a t or , me a s ur e d i n e qui va l e nt  he c t a r e , ge ne r a l l y us e d t o 
i ndi c a t e , i n a  s ynt he t i c  wa y, t he  l e ve l  of  s us t a i na bi l i t y of  a  pr oc e s s , a n a c t i vi t y or  a  s e r vi c e . 
T he  t e r m “ Ec ol ogi c a l  Foot pr i nt ”  wa s  c oi ne d a t  t he  e nd of  t he  1980s  by Ca na di a n r e s e a r c he r s  
- M a t hi s  W a c ke r na ge l  a nd W i l l i a m Re e s  - who s t udi e d t he  a mount  of  l a nd ne e de d by c i t i e s  t o 
s uppor t  t he i r  popul a t i ons . An Ec ol ogi c a l  Foot pr i nt  r e pr e s e nt s  t he  bi opr oduc t i ve  l a nd a nd ma -
r i ne  a r e a  ne e de d t o pr oduc e  e ve r yt hi ng c ons ume d by a n i ndi vi dua l  or  a  popul a t i on a nd t o a b-
s or b t he  e mi s s i ons  t ha t  r e s ul t  f r om t hi s  c ons umpt i on, us i ng pr e va i l i ng t e c hnol ogy. 
T he  Ec ol ogi c a l  Foot pr i nt  i s  obt a i ne d c ombi ni ng di f f e r e nt  f a c t or s :   
• c r op a r e a ;  
• pa s t ur e  a r e a ;  
• f i s he r i e s  a r e a ;  
• f or e s t  a r e a ;  
• bui l t  up a r e a ;  
• s e que s t r a t i on a r e a  or  e ne r gy bi oma s s  a c c umul a t i on a r e a . 
EF a c c ount i ng c ompa r e s  huma n de ma nd on na t ur e  wi t h t he  bi oc a pa c i t y, t he  bi os phe r e 's  a bi l i -
t y t o r e ge ne r a t e  r e s our c e s  a nd pr ovi de  s e r vi c e s . T he  bi oc a pa c i t y me a s ur e s  t he  pr oduc t i ve  c a pa c -
i t y of  t he  a r e a s  t ha t  a r e  a va i l a bl e  i n t he  wor l d a s  a  whol e , i n a  c ount r y or  i n a  s ma l l e r  a r e a . If  t he  
va l ue  i s  l owe r  t ha n t he  one  of  t he  Ec ol ogi c a l  Foot pr i nt , i t  me a ns  t ha t  t he r e  i s  a n e c ol ogi c a l  de f i -
c i t , i f , i ns t e a d, t he  va l ue  i s  s upe r i or  t ha n t he  one  of  t he  Ec ol ogi c a l  Foot pr i nt , t hi s  me a ns  t ha t  
t he r e  i s  a n e c ol ogi c a l  s ur pl us .  
T hus  EF a c c ount i ng s hows  how muc h na t ur e  pe opl e  us e . T hi s  r e s our c e  a c c ount i ng i s  s i mi l a r  
t o l i f e  c yc l e  a na l ys i s  whe r e i n t he  c ons umpt i on of  e ne r gy, bi oma s s  ( f ood, f i be r ) , bui l di ng ma -
t e r i a l , wa t e r  a nd ot he r  r e s our c e s  a r e  c onve r t e d i nt o a  uni que  va l ue , a  nor ma l i ze d me a s ur e  of  
l a nd a r e a  c a l l e d “ gl oba l  he c t a r e s ”  ( gha ) . 
T he  EF a c c ount i ng me t hod c a n be  us e d a t  di f f e r e nt  l e ve l :  a t  gl oba l  a nd na t i ona l  l e ve l , a s  de -
s c r i be d i n t he  Li vi ng Pl a ne t  Re por t , or  a t  l oc a l  l e ve l , e .g. wi t hi n Age nda  21 pr ogr a m de ve l ope d 
by publ i c  body.  
T ha nks  t o r e s e a r c he s  c a r r i e d out  i n s e ve r a l  c ount r i e s , EF ha s  s hown i t s  s ui t a bi l i t y of  be i ng 
a ppl i e d i n bui l di ng s e c t or  wi t hi n a s s e s s me nt  a nd de s i gn pr oc e s s e s . In t hi s  s pe c i f i c  f i e l d EF a c -
c ount i ng doe s  not  t a ke  i nt o a c c ount  e a c h a bove  me nt i one d a r e a  but  onl y t he  mos t  a ppr opr i a t e s . 
In pa r t i c ul a r :  t he  “ bui l t -up a r e a ” , t he  “ f or e s t  a r e a ” , due  t o e ve nt ua l l y t i mbe r  ne e ds , a nd “ s e que -
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s t r a t i on a r e a ” , due  t o pr i ma r y e ne r gy c ons umpt i on f or  he a t i ng a nd l i ght i ng ne e ds  a nd pr i ma r y 
e ne r gy c ont e nt  f or  pr oduc t i on bui l di ng pr oduc t s  a nd bui l di ng s ys t e ms  a s  we l l . 
T he  EF a c c ount i ng s pl i t  up t he  a s s e s s me nt  i n t hr e e  c a l c ul a t i ons  wi t h a  c ommon t he or e t i c a l  
a ppr oa c h a nd wi t h a  c ommon uni t  a i me d a t  a ddi ng t he  r e s ul t s  got . T he  t hr e e  s pe c i f i c  i ndi c a t or s  
a r e :  
• t he  “ s wi t c he d of f ”  bui l di ng EF;  
• t he  “ s wi t c he d on”  bui l di ng EF;  
• t he  “ on t he  move ”  EF. 
3 BUILDING ECOLOGICAL FOOT PRINT :  “ SW IT CHED OFF” AND “ ON T HE M OV E”  
INDICAT ORS  
T he  “ s wi t c he d of f ”  Ec ol ogi c a l  Foot pr i nt  a c c ount i ng i s  c onne c t e d t o t he  a mount  of  bui l di ng 
pr oduc t s  a nd bui l di ng s ys t e ms  us e d i n t he  c ons t r uc t i on s t a ge . For  t he  ma i nl y c a t e gor i e s  of  
pr oduc t s  i t  i s  ne c e s s a r y qua nt i f y t he  pr i ma r y e ne r gy c ont e nt  a nd i t  i s  ne c e s s a r y t a ki ng i nt o a c -
c ount  t he  numbe r s  of  r e pl a c e me nt s  due  t o ma i nt e na nc e  a c t i vi t i e s . 
T he  pr i ma r y e ne r gy c ont e nt  i s  c l os e l y r e l a t e d t o t he  gr os s  e ne r gy r e qui r e me nt s  wi t hi n t he  i n-
ve nt or y a na l ys i s  of  a  Li f e  Cyc l e  As s e s s me nt  s t udy. Da t a ba s e  or  e xha us t i ve  i nve nt or y a na l ys i s  
c a r r i e d out  be f or e  t he  a c c ount i ng of  t he  EF i s  r e qui r e d a nd i t  i s  t i me  c ons umi ng. 
In or de r  t o s i mpl i f y t he  a na l ys i s  a nd t he  a s s e s s me nt  pr oc e s s  s e ve r a l  r e s e a r c h c e nt r e  ha ve  de -
ve l ope d da t a ba s e  a nd e c ot ool , s uc h a s  IBO- IBN or  Ec oi nve nt . Some  t ool s  a r e  qui t e  e xpe ns i ve , 
s ome  ot he r s  do not  t a ke  i nt o a c c ount  t he  e ne r gy mi x of  t he  c ount r y whe r e  t he  EF a c c ount  
s houl d be  c a r r i e d out . 
3.1 The EF database  
Ac c or di ng t o t he  a bove  me nt i one d e nvi r onme nt a l  r e qui r e me nt s , a s  a  r e s ul t  of  t he  s ur ve y c a r r i e d 
out , pa r t  of  t he  r e s e a r c h a c t i vi t i e s  wa s  a i me d a t  de ve l opi ng a  da t a ba s e  whe r e  i nf or ma t i on a i me d 
a t  c ha r a c t e r i zi ng t he  e nvi r onme nt a l  pe r f or ma nc e  of  bui l di ng s ys t e ms  a r e  ga t he r e d. 
T he  t ot a l  a mount  of  bui l di ng ma t e r i a l s  s e l e c t e d f or  t he  da t a  ga t he r i ng pr oc e dur e  a r e  a bout  
s e ve nt y. T he  wor k wa s  f oc us e d on t he  mos t  c ommon bui l di ng pr oduc t s  nowa da ys  us e d i n c on-
s t r uc t i on s e c t or  a nd wa s  ba s e d on t he  f ol l owi ng ma i n r e f e r e nc e s :  
• t e c hnol ogi c a l  ma nua l s  a nd e nvi r onme nt a l  r e por t s ;  
• ma nda t or y r e gul a t i ons  a nd vol unt a r y s t a nda r ds  a va i l a bl e ;  
• c he mi c a l  s a f e t y c a r ds  f or  bui l di ng pr oduc t s  a nd s ubs t a nc e s ;  
• da t a ba s e  f or  i nve nt or y a na l ys i s  a nd f oc us e d s of t wa r e  a nd t ool s  f or  i mpa c t  a s s e s s me nt  
c a l c ul a t i ons . 
Fur t he r mor e  i n s e ve r a l  c a s e s  da t a  we r e  c ol l e c t e d a nd c ompl e t e d t ha nks  t o t he  c l os e  c oope r a -
t i on wi t h ma nuf a c t ur e r s  e nt e r pr i s e s . Da t a  ga t he r i ng pr oc e dur e  i mpl i e d mor e  t he n t hr e e  ye a r s  a c -
t i vi t i e s  a nd t he  r e s e a r c h t e a m i s  now c ommi t t e d i n i nc r e a s i ng t he  numbe r  of  bui l di ng pr oduc t s  
i n or de r  t o e s t a bl i s h a  r e f e r e nc e  da t a  ba s e  f or  de s i gne r s  a nd publ i c  bodi e s . 
Onc e  c a r r i e d out  t he  da t a  c ol l e c t i on, t he  i nve nt or y a na l ys i s  a nd i mpa c t  a s s e s s me nt  c a l c ul a -
t i ons , a  da t a s he e t  f r a me  wa s  dr a wn up. T he  ma i n goa l  of  da t a s he e t  i s  t o s umma r i ze  a l l  t he  ga -
t he r e d i nf or ma t i on i n a  pr ope r  f or ma t . In s uc h a  wa y a n e nvi r onme nt a l  c ompa r i s on a mong 
pr oduc t s  a i me d a t  pr ovi di ng a  s pe c i f i c  f unc t i on wi t hi n a  bui l di ng e l e me nt  ( e .g. i ns ul a t i on)  i s  
pos s i bl e  ( Fi gur e  1) . 
Ea c h da t a s he e t  i s  or ga ni ze d a s  f ol l ows :  
• Pa r t  1 – Ge ne r a l  Inf or ma t i on;  
• Pa r t  2 – T he r ma l  a nd Phys i c a l  Inf or ma t i on;  
• Pa r t  3 – Envi r onme nt a l  Pot e nt i a l  Sc e na r i os ;  
• Pa r t  4 – Ene r gy a nd Envi r onme nt a l  Pe r f or ma nc e s . 
An It a l i a n ve r s i on i s  now a va i l a bl e , a  f ur t he r  i mpl e me nt a t i on wi t h a n Engl i s h one  wi l l  be  
wor ke d out  s oon. 
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Figur e  1 .  E xa mp le  o f d a ta she e t fo r  a sse ssing the  “switc he d  o ff”  E F c o nc e r ning c o r k insula tio n ma te r ia l.  
( P a r t 3  - E nvir o nme nta l P o te ntia l Sc e na r io s a nd  P a r t 4  –  E ne r gy a nd  E nvir o nme nta l P e r fo r ma nc e s) .  
 
 
Da t a s he e t  Pa r t  1 gi ve s  i nf or ma t i on a bout :  
• bui l di ng pr oduc t s  c ommonl y us e d i n bui l di ng e l e me nt s  ( e .g. br i c ks  f or  f a c a de ) ;  
• s pe c i f i c  f unc t i on pe r f or me d wi t hi n t he  bui l di ng e l e me nt s  ( e .g. i ns ul a t i ng, wa t e r -
pr oof i ng, f i ni s hi ng, e t c .) ;  
• f unc t i ona l  uni t s  a s s ume d f or  t he  e ne r gy, e nvi r onme nt a l  a nd t he r ma l  c ha r a c t e r i za t i on 
( a c c or di ng t o Li f e  Cyc l e  As s e s s me nt  me t hodol ogy – ISO 14040) ;  
• bounda r y s ys t e m a s s ume d f or  i nve nt or y a na l ys i s  a nd t he  e nvi r onme nt a l  i mpa c t s  a s -
s e s s me nt  c a l c ul a t i ons . 
Da t a s he e t  Pa r t  2 gi ve s  ne c e s s a r y i nf or ma t i on f or  t he  U-va l ue  a nd t he r ma l  i ne r t i a  c a l c ul a t i on. 
Above -gi ve n i ndi c a t or s  mi ght  not  be  t he  onl y one s  ne c e s s a r y f or  a  c ompr e he ns i ve  a s s e s s -
me nt  of  e ne r gy a nd e nvi r onme nt a l  pe r f or ma nc e s  a t  us e  s t a ge , but  c e r t a i nl y ve r y i mpor t a nt  i f  r e -
l a t e d EU Di r e c t i ve . 
Da t a s he e t  Pa r t  3 ba s i c a l l y gi ve s  i nf or ma t i on a bout  t he  a t t i t ude  of  a  bui l di ng e l e me nt  or  a  
bui l di ng pr oduc t  of  be i ng r e -ma nuf a c t ur a bl e , a ppr opr i a t e l y dur a bl e  a nd r e c yc l a bl e . T he  e va l ua -
t i on of  t he  pe r f or ma nc e  of  a  bui l di ng e l e me nt  or  pr oduc t  i s  c a r r i e d out  on t he  ba s i s  of  pr e -
de f i ne d c l a s s e s  of  pe r f or ma nc e  va l ue s  t o be  a ppl i e d t o t he  Ec ol ogi c a l  Indi c a t or . T he  numbe r  of  
c l a s s e s  i s  5, r a ngi ng f r om 1 t o 5. 
Da t a s he e t  Pa r t  4 pr ovi de s  - f or  a  bui l di ng pr oduc t  - t he  Gr os s  Ene r gy va l ue s  a nd Gl oba l  
W a r mi ng Pot e nt i a l , t he  f or me r  a c c or di ng t o l i f e  c yc l e  i nve nt or y a na l ys i s , t he  l a t t e r  t o l i f e  c yc l e  
i mpa c t  a s s e s s me nt . Input  s t r e a ms  of  t he  pr oduc t  s ys t e m a f f e c t  t he  Gr os s  Ene r gy qua nt i f i c a t i on 
a s  s um of  t he  f ol l owi ng e ne r gy c a r r i e r s :  e ne r gy pr oduc t i on a nd de l i ve r y, f ue l s ’  e ne r gy c ont e nt , 
e ne r gy t r a ns por t , f e e ds t oc k e ne r gy a nd bi oma s s  e ne r gy. Out put  s t r e a ms  of  a  pr oduc t  s ys t e m a r e  
r e l a t e d t o t he  t ot a l  a mount  of  a i r  e mi s s i on c ont r i but i ng t o Gl oba l  W a r mi ng Ef f e c t . 
A c ha r a c t e r i za t i on of  t he  mos t  i mpor t a nt  gr e e nhous e  ga s s e s  wa s  c a r r i e d out , a s  we l l  a s  t he  
i mpa c t  a s s e s s me nt  ba s e d on we i ght i ng f a c t or s . Es t i ma t i on of  t he  e nvi r onme nt a l  e f f e c t  wa s  pe r -
f or me d on Gl oba l  W a r ni ng Pot e nt i a l  of  e qua l  ma s s  e mi s s i ons  ove r  a  pe r i od of  100 ye a r s . 
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Fi na l l y s ome  i nf or ma t i on a bout  huma n he a l t h a nd s a f e t y e f f e c t s  a r e  pr ovi de d. Suc h i mpa c t s  
a r e  us ua l l y a c hi e ve d on t he  ba s i s  of  i nf or ma t i on a bout :  
• ha za r dous  s ubs t a nc e s  i de nt i f i c a t i on;  
• f r e que nc y a nd dur a t i on of  t he  e xpos ur e ;  
• e s t i ma t i on of  t he  r i s k f r om e xpos ur e  t o a  pa r t i c ul a r  a ge nt  or  s ubs t a nc e . 
At  de s i gn s t a ge  s uc h de t e r mi na t i on c a n be  ve r y di f f i c ul t . T hus  t he  i nf or ma t i on gi ve n a nd t he  
s i mpl i f i e d a s s e s s me nt  pr oc e dur e  pr opos e d a r e  ma i nl y r e f e r r e d t o Che mi c a l  Sa f e t y Ca r ds  ga -
t he r e d i n t he  r e s e a r c h a c t i vi t i e s . 
3.2 The “switched off” and the “on the move” EF assessment 
T he  “ s wi t c he d of f ”  EF a c c ount i ng a s  a bove  me nt i one d i s  ba s e d on t he  pr i ma r y e ne r gy c ont e nt  
of  pr oduc t i on s t a ge  a nd t a ki ng i nt o a c c ount  t he  ne c e s s a r y r e pl a c e me nt s  due  t o ma i nt e na nc e  of  
bui l di ng pr oduc t s  a nd c ompone nt s  dur i ng t he  bui l di ng l i f e  c yc l e . 
Pr i ma r y e ne r gy c ont e nt  c a n be  c onve r t e d i n a  Se que s t r a t i on Ar e a  ( SA E )  va l ue  a s  f ol l ows :  
 
SA E  =  Q  x fc  x E p  [ ha ]                        ( 1 )  
 
W he r e :  
Q =  t ot a l  a mount  of  s e l e c t e d bui l di ng pr oduc t s  wi t hi n t he  EF a c c ount  [ t  or  t / km] ;  
f c  =  EF c onve r s i on f a c t or  obt a i ne d by t he  “ Ec ol ogi c a l  Foot pr i nt  M a nua l ”  [ ha / GW h] ;  
Ep =  pr i ma r y e ne r gy c ont e nt s  of  s e l e c t e d bui l di ng pr oduc t s  [ GW h/ t ] . 
 
T he  “ s wi t c he d of f ”  EF a c c ount  f or  a  bui l di ng pr oduc t  ( EF BP )  i s  c a l c ul a t e d a s  f ol l ow:  
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D
f S  SA
  E F qzfEBP
×+
=                     ( 2)  
 
W he r e :  
S f  =  f or e s t  a r e a  due  t o t i mbe r  us e d i n t he  bui l di ng – 1 t on me a ns  2,4 ha  of  f or e s t  – [ ha ] ;  
f qz  =  f r e que nc y of  r e pl a c e me nt s  due  t o ma i nt e na nc e  a c t i vi t i e s  [ 1/ ye a r s ] ;  
D =  bui l di ng pr oduc t  l i f e  s pa n. 
 
Onc e  c a r r i e d out  t he  c a l c ul a t i on of  t he  “ s wi t c he d of f ”  EF a c c ount  f or  t he  bui l di ng pr oduc t s  
t a ke n i nt o a c c ount  f or  t he  a s s e s s me nt , i t  i s  pos s i bl e  qua nt i f y t he  “ s wi t c he d of f ”  EF SO FF  a c c ount  
f or  t he  bui l di ng a s  w hol e  a s  f ol l ow:  
 
E F SO FF  =  Σ I E e le m  +  S d   [ ha ]                       ( 3 )  
 
W he r e  S d  i s  t he  bui l t -up a r e a  de f i ne d a s  f ol l ows :  
 
[ ha /a nno ]  
b uild ing  theo f sp a n life E xp e c td
b uild ing b y the c o ve r e d La nd   S d =               ( 4 )  
 
T he  “ on t he  m ove ”  EF a c c ount  i s  ba s e d on a na l ogous  me t hodol ogi c a l  a ppr oa c h. T he  e ne r gy 
i mpa c t  of  t r a ns por t  c a n be  a s s e s s e d wi t h e qui va l e nc e  f a c t or s  whe r e  t he  di s t a nc e s  f r om ma nuf a c -
t ur e s  t o t he  c ons t r uc t i on s i t e  a r e  e xpr e s s e d i n M J  a s  i t  i s  s hown on t a bl e  1. 
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T a b le  1 .  E ne r gy c o nsump tio n r e la te d  to  two  typ e s o f c o mme r c ia l ve hic le .  
T yp e  J o ur ne y E ne r gy c o nsump tio n 
[ M j /ve hic le  km]  
D ie se l <  3 , 5  t ( E E C E ur o  0 )  
U r b a n 5 . 2 7  
E xtr a -ur b a n 2 . 9 7  
H ighwa y 3 . 9 2  
D ie se l <  3 , 5  t ( E E C E ur o  1 )  
U r b a n 4 . 7 9  
E xtr a -ur b a n 2 . 6 2  
H ighwa y 3 . 4 8  
 
 
T he  “ on t he  move ”  EF a c c ount i ng i s  c ompl e t e d t hr ough t he  c onve r s i on f a c t or s  obt a i ne d by 
t he  “ Ec ol ogi c a l  Foot pr i nt  M a nua l ”  [ ha / GW h] . 
4 BUILDING ECOLOGICAL FOOT PRINT :  “ SW IT CHED ON”  INDICAT OR  
T he  “ s wi t c h on”  EF a c c ount i ng i s  ba s e d on t he  a s s umpt i on t ha t  wi t h t he  c a l c ul a t i on s ys t e m i s  
pos s i bl e  t o de f i ne  t he  c ons umpt i ons , a nd t he  r e s ul t a nt  f oot pr i nt , due  t o t he  us e  of  di f f e r e nt  
e qui pme nt s  ( s pe c i a l l y e l e c t r i c a l  a nd t he r ma l  s ys t e ms )  e ve n t hough i t  be c ome s  ne c e s s a r y t o 
ma ke  c onc e pt ua l  s i mpl i f i c a t i ons , be c a us e  of  t he  ha r dne s s  t o a s s e s s  t he  c os t ume r s ’  be ha vi or s  
c onc e r ni ng t he  us e  of  pl a nt  t e c hnol ogi e s . 
T he  a s s e s s me nt  c a n be  gi ve n us i ng s of t wa r e  a nd t ool s  a bl e  t o c a l c ul a t e  t he  a mount  of  he a t  
ne e de d t o c ove r  t he  he a t i ng a nd e l e c t r i c a l  r e qui r e me nt s  of  t he  bui l di ngs , f or  e a c h mont h of  t he  
ye a r . 
Cons i de r i ng t he  Ec ol ogi c a l  Foot pr i nt  of  t he  “ s wi t c he d on”  bui l di ng, t o c a l c ul a t e  t he  mont hl y 
he a t  r e qui r e me nt s  t ha t  t he  he a t i ng s ys t e m ha s  t o s uppl y, i s  ne c e s s a r y t o s um up t he  va l ue  of  f r e e  
he a t  ga i ns  due  t o i nt e r na l  me t a bol i s m, t o pa s s i ve  s ys t e ms  a nd t he  va l ue  due  t o t he r ma l  l os s e s  of  
t he  bui l di ng.  
In t hi s  c a s e  t he  f a c t or s  ha vi ng a n i nf l ue nc e  on t he  c a l c ul a t i on of  a nnua l  c ons umpt i on of  pr i -
ma r y e ne r gy a r e :  
• l oc a l  c l i ma t i c  c ondi t i ons ;  
• bui l di ngs ’  s ha pe  a nd f a ç a de s ’  or i e nt a t i on;  
• t ypol ogi e s  of  opa que  a nd t r a ns pa r e nt  e nve l ope  s ys t e ms ;  
• us e  of  s hi e l di ng s ys t e ms ;  
• t he r mophys i c a l  pr ope r t i e s  of  e l e me nt s ;  
• he a t i ng s ys t e m e f f i c i e nc y;  
• e f f e c t  of  ve nt i l a t i on f l ows ;  
• e f f e c t  of  f r e e  s ol a r  ga i ns ;  
• c oope r a t i on of  buf f e r  s pa c e s  ( c l os e d a nd unhe a t e d s pa c e s  pl a c e d a s  a  s e pa r a t i on be -
t we e n he a t e d r ooms  a nd out door s  ) ;  
• he a t  l os s e s  due  t o c onduc t i on;  
• l umi na nc e  l e ve l s . 
4.1 The “switched on” EF assessment 
T he  “ s wi t c he d on”  EF a c c ount i ng i s  ba s e d on t he  de t e r mi na t i on of  mont hl y he a t i ng e ne r gy r e -
qui r e me nt s  a nd i l l umi na t i on e ne r gy r e qui r e me nt s . 
Nowa da ys  s e ve r a l  s of t wa r e  a nd t ool s  pr ovi de  t he  l i ght i ng a nd t he r ma l  pr i ma r y e ne r gy 
a mount . Some  of  t he  r e s ul t s  pr oc e s s e d c a n be  a s s ume d wi t hi n t he  “ s wi t c he d on”  EF a c c ount i ng. 
Af t e r wa r ds  i s  pos s i bl e  t o de t e r mi ne  t he  t ot a l  c ons umpt i on of  pr i ma r y e ne r gy mul t i pl yi ng t he  
va l ue  obt a i ne d, r e f e r r e d t o s qua r e  me a s ur e s , by t he  numbe r  of  ye a r s  of  t he  l i f e c yc l e  of  t he  
bui l di ng ( f or  i ns t a nc e  80 ye a r s ) . 
T ha nks  t o s pe c i f i c  f a c t or s  e a c h e ne r gy s our c e  ( e .g. e l e c t r i c i t y, na t ur a l  ga s , e t c )  i s  c onve r t e d 
i nt o e qui va l e nt  he c t a r e  a s  i t  i s  s hown i n t a bl e  2. 
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5 CASE ST UDY AND EX PECT ED RESULT S 
In or de r  t o a s s e s s  t he  e f f e c t i ve ne s s  of  i ndi c a t or s  a  c a s e  s t udy ha s  be e n de f i ne d. Se e  f i gur e  2. 
M i d t e r m r e s ul t s  ha ve  ve r i f i e d t he  pot e nt i a l i t y of  t he  me t hodol ogi c a l  a ppr oa c h de ve l ope d e ve n 
i f  s ome  c r i t i c a l  i s s ue s  ne e d t o be  pr ope r l y f a c e d up. In t he  f i na l  r e por t  wi l l  be  f oc us e d t he  c or -
r e c t i ve  a c t i ons  a nd t he  l a t e s t  out  c omi ngs .  
Conc e r ni ng t he  c a s e  s t udy t he  r e s e a r c h pr oj e c t  ha s  be e n or ga ni ze d t hr ough t he  s t e ps  de -
s c r i be d a s  f ol l ows :  
• f or mul a t i on of  t he  ge ne r a l  l i s t  of  ma t e r i a l s  us e d, bot h a s  ya r d ma t e r i a l s  a nd a s  c ons t r uc -
t i on ma t e r i a l s , a s  f r om t he  e s t i ma t e  of  bui l di ng pr oduc t s  a nd bui l di ng s ys t e ms  qua nt i t y;  
• e va l ua t i on of  pr i ma r y e ne r gy c ont e nt  f or  e a c h bui l di ng ma t e r i a l  c ons i de r e d ( f r om pr e -
vi ous  s t udi e s  / da t a  ba s e s )  a nd t he i r  own t r a ns por t a t i on s t a ge  a s  we l l ;  
• de f i ni t i on of  c onve r s i on f a c t or s  r e f e r r e d t o s e l e c t e d ma t e r i a l s ;   
• de f i ni t i on of  c onve r s i on f a c t or s  r e f e r r e d t o e l e c t r i c a l  a nd t he r ma l  c ons umpt i on a nd t o 
wa t e r  c ons umpt i on;   
• c a l c ul a t i on of  t he  EF a s  a  pr oduc t  of  i ni t i a l  da t a  wi t h s pe c i f i c  c onve r s i on f a c t or s ;  
• c ompr e he ns i ve  a s s e s s me nt  of  t he  Bui l di ng Ec ol ogi c a l  Foot pr i nt ;  
 
 
T a b le  2 .  Summa r y o f c o nve r sio n fa c to r s fo r  the  a sse ssme nt o f E c o lo gic a l Fo o tp r int 
Co nsump tio n  
ite ms 
Co nve r sio n fa c to r s 
Se q ue str a tio n 
a r e a  o r  e ne r -
gy b io ma ss 
a c c umula tio n 
a r e a  
Cr o p  
a r e a  
P a stur e  
a r e a  
Fo r e st 
a r e a  
B uilt-up  
a r e a  
Fishe r ie s 
a r e a  
U nits 
E le c tr ic ity 0 . 0 4 6 4 7 1  - - - 0 . 0 0 0 4 8 8  - ha /G j  
N a tur a l ga s 0 . 0 1 1 0 1 7  - - - - - ha /G j  
W a te r  0 . 0 0 0 0 8 0  - - - - - ha /mc  
P e lle t 0 . 0 1 9 5 1 7  - - - - - ha /mc  
T he r ma l so -
la r  
- - - - - - - 
P V  e ne r gy - - - - - - - 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2 .  T he  b uild ing a ssume  a s c a se  stud y within the  b uild ing E F a c c o unting.  
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6 CONCLUSION 
Al t hough t he  EF a c c ount i ng me t hod ha s  not  be e n t e s t e d on a  wi de  r a nge  of  c a s e  s t udi e s  a nd 
e ve n i f  not  a l l  t he  l i f e  c yc l e  s t a ge s  of  a  bui l di ng ha ve  be e n i nve s t i ga t e d t he r e  a r e  s ome  s t r e ngt h 
i t e ms  c onc e r ni ng t he  r e s e a r c h c a r r i e d out .  
T he  bui l di ng EF a c c ount i ng c a n be  a s s ume d a s  one  of  t he  f e w t ool s  t ha t  a l l ow put t i ng i nt o 
e f f e c t  t he  LCA s t udi e s  wi t hi n t he  e c oc ompa t i bi l i t y a s s e s s me nt  of  a  bui l di ng. T he  da t a ba s e  de -
ve l ope d pr ovi de s  i nf or ma t i on a bout  t he  e ne r gy a nd e nvi r onme nt a l  pe r f or ma nc e s  ot he r wi s e  ve r y 
di f f i c ul t  t o ge t  a nd t i me  c ons umi ng i n t he  a s s e s s me nt  pr oc e dur e  a nd i n t he  de s i gn s t a ge . 
T he  c or r e l a t i on be t we e n t he  EF a c c ount i ng a nd t he  EU Di r e c t i ve  r e qui r e me nt s , s uc h a s  t he  
EU Di r e c t i ve  2002/ 91 a i me d a t  qua nt i f yi ng t he  pr i ma r y e ne r gy c ons umpt i on f or  t he r ma l  a nd 
l i ght i ng ne e ds , i s  ot he r  i mpor t a nt  a s pe c t . In pa r t i c ul a r  ba s e d on ISO a nd UNI s t a nda r ds  a nd 
s of t wa r e  s i mul a t i on t ool s  i s  pos s i bl e  t o ge t  r e s ul t s  c ons i s t e nt  t o i ndi c a t or s  s e l e c t e d f or  Bui l di ng 
Ec ol ogi c a l  Foot pr i nt .  
Fi na l l y t he  oppor t uni t y t o me a s ur e  wi t h a  uni que  va l ue  t he  e c oc ompa t i bi l i t y of  a  bui l di ng i n 
t he  mos t  pa r t s  of  i t s  l i f e  c yc l e  ma ke s  e a s i e r  t he  a s s e s s me nt  pr oc e dur e s  a nd t he  de s i gn pr oc e s s  
a l l owi ng t he  c ompa r i s on a mong s e ve r a l  t e c hnol ogi c a l  opt i ons .  
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1 INT RODUCT IO N  
T he  curr e nt  c onst r uc ti on tre nd whi c h ca ll s  f or  mi ni mi zi ng bui l dings ’  he at  l oss es  by me a ns  of  
t hic k he a t  c oat s  le a ds  t o t he  pr obl e m of  l i mi t i ng e ne rgy c ons umpt i on f or  c ooli ng, e s pe c i al l y i n 
M e dit er ra ne an c l i ma t es . T hi s  i s  us ua ll y a c hi e ve d by c ont r ol li ng t he  i nt e r na l  ga i ns  a nd di re c t  ra -
di a nt  e ner gy whi c h e nt er s  thr ough wi ndows  dur ing t he s umme r  s e a s on, by c onve ni e nt l y di me n -
s i oni ng a nd posi ti oni ng s hadi ng a nd he at  c a pa ci t anc e s  i n t he  wa ll  l a ye rs , a nd by de ve l opi ng e f -
f e ct i ve  des i gns  of nat ur al  ve nt i la ti on fl ows . Obs er vi ng he a t  e xc ha nge  dyna mi c s  a mong r oo m 
wa l l s  s howe d tha t  di ff er e nt pa r ts  of  t he  s a me  wa l l  ma y ha ve  di f f e r e nt  r ol es  i n ove r a l l  he a t  ex-
c ha nge  be ha vi or  de pe ndi ng on i t s  mor phol ogy, on t he  e xt er nal  c li ma t e  c ondi ti ons , on t he  ve nt i -
l a ti on re gi me  a nd, of  c our se , on i t s  re c e nt  t he r ma l  hi st or y. A r a t her  pr e ci se  knowl e dge  of  he a t 
e xc ha nge  dyna mi c s  a mon g r oom wa l l s  is  t her e for e  nec e s sa r y i n or der  t o gui de  any de s i gn pr o -
c e dure  ai me d a t mi ni mi zi ng t he  ef fe c ts  of  l ar ge  he at  c oa ts  on t he  s umme r  c ooling e ne r gy c on-
s umpt i on  
Pr e s entl y, t his  knowl e dge  le ve l  c a n be  a cquir e d e it her by s i mul a t i on or  by on-s i te  me a s ur e -
me nt s .  W hol e bui l di ng a nal ys i s  pr ac ti c e , c ombi ni ng bot h nodal  net wor k a nd c omput at i ona l fl u-
i d dyna mi c s  ( CFD) ( Cl a r ke   2001)  f or t he  e va l ua ti on of  he a t e xc ha nge s  a mong r oom wa l l s , i s 
ba s e d on a  r at he r pr e ci s e knowl e dge  of  t he l a ye r st r uct ur e of  bui ldi ng e nve l ope s . In t he  ca s e of 
ol d bui l di ngs , t hi s  knowl edge  i s  oft e n not  a va il a bl e . M or eove r , e ve n whe n te c hni c al  dra wi ngs 
a nd bui ldi ng pla ns of  ne w bui ldi ngs  ar e  a va i la ble , t he f re que nt  a da pt at i ons  ca rr i ed out by c on-
s t r uc t or s t o s ol ve  unfor es ee n c ons tr uct ion i s s ue s , oft en c a us e  va ri at i ons  of  t he bui l di ng’ s  t her -
ma l  be ha vi or .  
On -s i t e  me a s ur e me nt s  of  he a t  e xcha nge  a mong r oom wa l l s  c a n the re f or e  s uppor t  a nd c om-
pl e me nt  mode l i ng a nd a nal ys i s . T her e  e xi st s  a  l ong tr a diti on of  r e se a rc h c onc e rni ng t he  me a -
s ur e me nt  of  t he  s ur f ac e  he at  tr a nsf er  c oef fi ci e nt  (t he  h f a ct or)  of  buil ding e nve l ope s . It  i s  mos t l y 
Towards  a quantitative  thermography for buildings - indoor measu-
rement ofthermal losses 
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ABST RACT:  T he  c ur re nt  c ons tr uct ion tr e nd whi c h ca l ls  f or  mi ni mi zi ng bui l di ngs ’  he a t  l os ses 
by me a ns  of t hi c k he at  c oat s  l e a ds  t o t he  pr obl e m of  li mi t i ng e ner gy c ons umpt i on f or  c ooli ng, 
e s pe ci al l y i n Me dit er r ane an c l i ma t es . The  c ont r ol  of i nt er nal  ga i ns  a nd dir e ct  r a dia nt  e ner gy 
whi c h ent er s  t hrough wi ndows  duri ng t he  s umme r  s ea s on r e qui re s  ra t he r  pr ec i se knowl e dge  of  
t he  he at  e xcha nge  dyna mi c s  whi c h occ ur  a mong t he  wa l l s  of  r ooms . T his  pa pe r  c once r ns  t he 
de ve l opme nt  of  a me t hodology a i me d a t the  e st i ma t i on of ra dia ti ve  a nd c onve ct ive  t he r ma l  f lux 
c ompone nt s  i n r oom wa l l s . T he  pr opos e d pr oc edur e  e nt ai l s  pr a ct ic a l, one -s i de , i ndoor 
me a s ur e me nt s , whic h c ombi ne  dyna mi c  t he r mogr a phy wi t h t r adit i ona l c ont a ct  t he r mal 
me a s ur e me nt s . T hi s  pr ovi de s  a n e ff e ct i ve  me a ns  f or  es t i ma t ing t he  t he r ma l  fl ux a t  e a ch of  t he 
poi nt s  depi ct e d by t he  t he rma l  i ma ge . 
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ba s e d on f l ui d dyna mi c s  r es ult s  de ve l ope d ma i nl y i n the  fi el d of  a er odyna mi c s  (As t a ri ta  & al . 
2000) , usi ng a  l a bora t or y r e c r ea ti on of  the  s te a dy s t ate  c ondit i ons  of  hea t  tr a nsf er  be t we en t he 
s ur fa c e  unde r  st udy a nd a  mo vi ng f l ui d. Outs i de  a pplic a ti ons  of  t he se  a ppr oa c he s t o t he  buil ding 
e nve l ope s  ar e  des c ri bed i n ( Ta ki  & Love da y 1996 ) .   A  he a t e d pa nel  i s  r ai se d a t  dif f er e nt  he i ghts 
i n dif f er e nt  bu i l di ngs  s o t ha t  t o de ri ve  a  s e t  of  r e gr e ssi on c ur ve s  be t wee n c onve ct i ve  c oef fi c ie nt 
a nd t he wi nd s pee d f or  va r ious  envi r onme nt al  condit ions . ( Al a mda r i & Ha mmond 1983)  de ve l -
ope d a n e xpr e ss i on of  t he  conve c t i ve  he at  t ra nsf e r  hc for  t he  l a mi na r  a nd t urbule nt  r e gi me s  a s  a  
f unct i on of  t he  a v e ra ge  t empe r a t ur e  dif f er e nc e  bet we e n t he  wa ll  s ur fa c e  a nd the  a mbi e nt  fl ui d 
t hat  c a n be  appli e d t o gui de t he  on-s i te  e st i ma ti on of  t he  c  c oe f fi ci e nt . 
T hi s  pa per  c once r ns  t he  deve l opme nt  of  a  me t hodol ogy a i me d a t  t he  e s ti ma t i on of  t he  r adi a -
t i ve  a nd c onve c ti ve  t her ma l  fl ux c ompone nt s  oc c ur ri ng dur i ng t he  he at  e xc hange  a mon g t he 
wa l l s  of  a  r oom. T he  pr opos e d pr oc e dur e  c ombi ne s  t radi ti onal  one  si de  i ndoor  t empe r a t ur e  and 
f l ux me a s ur e me nt s  wit h dyna mi c  t he r mogr a phy. It  us e s  c ont a ct  me a s ur ed t e mper a t ur e  a nd fl ux 
da t a  t o e st i ma t e  t he  r a di at ive  a nd c onve c t i ve  c oe ff ic ient s  on one  poi nt  of  t he  t ar ge t  wa ll . It  t he n 
a ppli e s  the  e st i ma t e d he at  tr a nsf er  c oe ff ic i ent s  t o a pproxi ma t e  t he  hea t  fl ux t o e ve r y poi nt  of  t he 
t he r mo-i ma ge  t ha t  has  t he  s a me  out er mos t  l a ye r a nd ai r  f l ow c ondi ti ons . T he  proc e dure  t hus a l -
l ows  a  good e s ti ma t i on of  the  r e al  he at  e xc ha nge  dyna mi c s  oc c ur ri ng a mon g t he  di ff e re nt  pa rt s 
of  the  wal ls  of  a r oom by pr ovi di ng t he  knowl e dge  l e ve l  ne e ded to c ontr ol t he  inte r nal  ga i ns  a nd 
t he  di re c t  r a di a nt  ene r gy. 
Se c ti on 2 of  t hi s  a rt ic l e  br ie f l y i ntr oduc e s  t he  phys i c al a s pe c ts  of  he at  t ra nsf e r  es ti ma t i on, t he 
a na l yti c al  f or mul a ti on of the  hea t e xc ha nge  proble m a s  a  ki nd of  pa ra me t e r  es t i ma t ion, a nd 
s ome  va l i da ti ng e xper i me nt s . Se c ti on 3 di s cus se s  t he e xt e ns i on of  the  pr opos e d me t hodol ogy t o  
t he r mogr a phy. Fi na l l y, s e cti on 4 br ie fl y i l l ust ra t es  a  not e wort hy a ppli c at i on of  t hi s  pr oce dur e  t o 
t he  ana l ys is  of t he  t he r ma l  be ha vi or  of  wal ls .   
2 T HE EST IM AT ION OF C ONV ECT IV E AND RAD IAT IV E COEFF ICENT S 
Ignor i ng he a t  tr a ns f er  by ent hal py, t he  i ndoor  t he r ma l  e xcha nge  bet we e n r oom wa l l s i s r e gu-
l a te d by t he  conve c ti ve  a nd r a di a ti ve  dyna mi c s  whi ch i nvol ve  onl y t he  out er mos t  l a ye r  of  t he 
wa l l . In t his  s ec ti on, we wi ll  poi nt  out  t he e quati ons  go ve r ni ng t hes e  me c ha ni sms . Fol l owi ng 
( Unde r wood &Yi k  2004), a  ge ne ra l li ne ar  e quat ion f or  c onve c t i ve  a nd r adi at i ve  he a t e xc ha nge 
c a n be  f or mul a t e d a s  foll ows : 
( ) ( ) ( )nrnrambc TThTThTThq su psu p1su psu p1su p*  -... - - +++=  ( 1) 
whe r e  q* =  e xc ha nge d t ota l  f l ux [W / m 2 ] ;  Tsup =  wa l l  surf a c e  t e mpe r a t ur e  [K] ;  Tamb =  a i r  te mpe r a -
t ur e  [K ];  Tsup1,….Tsup,n =  s ur roundi ng s urf ac e s  t e mpe r a tur e  [K] ;  hc  =  hea t  c onve c ti ve  t r a ns fe r  coe f -
f i ci e nt  [W / m 2 K ] ;  h r1,… hrn =  he a t  r a di at i ve  tr a ns f er  c oe ffi c ie nt  [ W/ m 2 K ] . 
In  e qua t i on ( 1)  t he  non l i nea r it ie s  a re  r es tr i ct e d t o t he  c onve c t i ve  a nd ra dia ti ve  he a t  e xc ha nge 
c oe ff ic i ent s, h c(T)a nd h c(T) r e s pe c ti ve l y, whi c h a r e de pe nde nt  on t he  t e mpe r at ur e. 
 ( Al a mda r i &  H a mmond 1983)  pr ovi des  a  ge ne ra l e qua ti on of  t he hc(T) c oef fi cie nt  f or  t he li -
ne a r  f lows  r e g i me s  (f i gur e  1) , t ha t  c a n be  par a me t e ri zed a s  it  f oll ows: 
( ) 33,0s up  - ambcc TTh β=   ( 2) 
whe r e  cβ  i s  the  c oe ff i ci e nt  tha t  mus t  be  det er mi ne d t hr ough t he  e st i ma t i on pr oc e ss;  Tsup  i s 
t he  wal l  s urf a c e  te mpe r a t ure  [K ];  T amb  i s  t he  a ir  te mpe r a t ure  [K] . 
T he  r a di a ti ve  e xc ha nge  c oef f ic ie nt   wi t h t he  s ur r ounding wa l l  i  c a n be  f or mul a ted a c c or di ng 
t o ( Unde r wood & Yi k  2004)  a s  i t f ol l ows : 
( ) 3s up1s up
0, 2 




=
,i,
iir
+TT
h σβ
   ( 3)
 
whe r e  0σ  i s  t he  Ste f an-Bol t z ma nn c ons t a nt  [W / m
2 K 4 ] ;  iβ is  t he  c oe ff ic ie nt  t hat  mus t  be  de -
t e r mi ne d t hrough t he  e s ti ma t ion proc es s , ]10[ ≤≤ iβ .  
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Fig ur e  1 .  Ave r a ge  c o n ve c ti ve  he a t tr a ns fe r  c o e f fic ie nt h
e nc e  b e t we e n t he  wa ll s ur fa c e  a nd  the  a mb ie nt fl uid  
 
 
Ac t ual l y iβ  r e pre s ent s t he  vie w f ac t or  be t we en t he
r oundi ng wa l l . T her ef or e f or  ma ny 
be  der i ve d fr om s t a ndar d t abl e s
Fr om t he  c omput a ti onal  poi nt  o
f or  t he  e st i ma t i on of  t he hc(T)
me a s ur e me nt s  a nd us ing a  non
T he Le ve nber g- M a r quar d a l gor it hm 
s t ar ti ng poi nt . It  pr ovi de s  a  nume r i c a l
l y nonli ne ar , ove r a s pac e  of  par a me t er s  of  t he f unc tion
t he re f or e  t he le a st  s qua re s  c ur ve  fi tt i ng proble m
t he  hea t  exc ha nge  c oe ff i ci ent s  is  s tr ai ght f or wa r d
pa i rs , ( q, ∆Ti) , opti mi ze  t he  par a me t e rs  
s qua re s  of  the  de vi at ions  bec ome s  mi ni ma l .
([)(
1
∆−= ∑
=
m
i
TfqS β
Li ke  ot he r  nume r i c  mi ni mi za t i on a l gori t hms , t he  
mi ni mi za t i on, t he  use r  ha s  to pr ovi de  a n i nit ia l  gue s s  for  t he  pa ra me t e r  ve c t or , 
a n uni nf or me d s ta ndar d gue s s  l i ke  
c onve r ge s  onl y if  t he  i ni ti al gue s s  i s  a lr e a dy s ome wha t  c l ose  t o t he fi nal  s ol uti on. 
Unf ort unat el y, t he  st ra i ghtfor wa r d a ppl i ca ti on o
a l wa ys  ha ve  a  phys i c a l  cons i st e nc y. For  e xa mpl e ,
r e s ul t  i n ne ga t i ve  c oef fi ci ent s  whi c h ar e  una c ce pta ble. T he r ef ore  s ome  c onst ra i nt s  mus t  be  a
pl ie d to t he  it er at i ve  s ol ution pr oc e ss . In t hi s  r e se a rch, we  dis c ove r ed t ha t  t he fol l owi ng c o
s t ra i nt s  a r e  s uit a bl e  t o g ua ra nt ee  c ons is t ent  r e s ul ts  in ma n y a ppl i ca ti ons:
 
( )Tch              4.1 0 ≈=∆
j                         0 >β
( )        1,.....0 2 n ≤≤ ββ
               nmmn FvFv =
T he me a s ur e me nt  sc he ma  
e xpe ri me nt a l ca mpa i gn wa s  c ar ri e d out  t o pr ove  t he e f fe c ti ve ne ss  of  t he me t hodol ogy. Fi gur e  
3( a ) s hows  the  me a s ure d and e st i ma t e d fl uxes  at  t he  wa l l  s urf ac e , a nd t he c onvec t i ve  and r a di
t i ve  c ompone nt s  i n one  t ypi c al  ta ke . T he  me a n e r r or i s  0.3 W/ m
Fi gu r e  3( b)  s hows  t he  es tima t e d 
s ur roundi ng wa l l .  
 
 
Ave r a ge  c o n ve c ti ve  he a t tr a ns fe r  c o e f fic ie nt h c   a s a  f unc t io n o f t he  a ve r a ge  te m p e r a tur e  d if fe
e nc e  b e t we e n t he  wa ll s ur fa c e  a nd  the  a mb ie nt fl uid  ∆T ,  fr o m ( Fo ha nno  &  P o lid o r i 20 0 6)
r e pre s ent s t he  vie w f ac t or  be t we en t he  wall  unde r  a nal ys i s  a nd 
. T her ef or e f or  ma ny r oom wa l l s  mor phol ogi e s  a  good init i al  e s ti ma t i on 
s t a ndar d t abl e s  ( Mor a n & a l . 2003). 
Fr om t he  c omput a ti onal  poi nt  o f  vi e w e qua ti ons  ( 1) ,(2)  a nd ( 3) r e pr es e nt  
a nd h r(T) c oe f fi c ie nts , st a rt ing f r om on s it e  t e mpe ra t ure  a nd fl ux 
non -l i ne a r  r e gr e ss i on al gor it hms . 
M a r quar d a l gor it hm ( LM A) ( Noce dal  & W ri ght  1999) r e pr es ent s  a
nume r i c a l  s ol ut ion t o the  probl e m of  mi ni mi zi ng a  f unc t ion,
l y nonli ne ar , ove r a s pac e  of  par a me t er s  of  t he f unc tion . A pos s ibl e a ppli c at i on of  t he  
t he le a st  s qua re s  c ur ve  fi tt i ng proble m . T he  a ppli c at ion of  LM A t o t he e s ti ma t i on of 
t he  hea t  exc ha nge  c oe ff i ci ent s  is  s tr ai ght f or wa r d :  gi ve n a  s e t  of  me a s ur ed f lux a nd t e mpe r a tur es
) , opti mi ze  t he  par a me t e rs  βi of the  mode l  c ur ve  f ( ∆Ti ,β i) s o t ha t t he  s um of  t he 
bec ome s  mi ni ma l .  
)] min2, →ii β   
Li ke  ot he r  nume r i c  mi ni mi za t i on a l gori t hms , t he  LMA i s  a n i t e ra ti ve  pr oc e dur e. T o s t ar t  a 
mi ni mi za t i on, t he  use r  ha s  to pr ovi de  a n i nit ia l  gue s s  for  t he  pa ra me t e r  ve c t or , 
a n uni nf or me d s ta ndar d gue s s  l i ke  βT = (1,1,...,1)  will wor k f i ne ;  i n ot he r  c a se s , t he a l gori t hm 
c onve r ge s  onl y if  t he  i ni ti al gue s s  i s  a lr e a dy s ome wha t  c l ose  t o t he fi nal  s ol uti on. 
t he  st ra i ghtfor wa r d a ppl i ca ti on o f  t he  LM A doe s  not  guar a nt e e  f or r e s ul ts  that 
a l wa ys  ha ve  a  phys i c a l  cons i st e nc y. For  e xa mpl e ,  t he  unc onst ra i ne d a ppl ic a ti on of  LM A ma y 
r e s ul t  i n ne ga t i ve  c oef fi ci ent s  whi c h ar e  una c ce pta ble. T he r ef ore  s ome  c onst ra i nt s  mus t  be  a
pl ie d to t he  it er at i ve  s ol ution pr oc e ss . In t hi s  r e se a rch, we  dis c ove r ed t ha t  t he fol l owi ng c o
ua ra nt ee  c ons is t ent  r e s ul ts  in ma n y a ppl i ca ti ons:  
ammond)dari and H (from Alm     
ts)coefficien(positive      
 
)(       siew factorrange of v
 
)(      siew factor between vy relationreciprocit  
T he me a s ur e me nt  sc he ma  i s  depi ct e d i n f i gur e  2. A M a tl a b s oft wa re  wa s  de ve lope d a nd a n 
c ar ri e d out  t o pr ove  t he e f fe c ti ve ne ss  of  t he me t hodol ogy. Fi gur e  
3( a ) s hows  the  me a s ure d and e st i ma t e d fl uxes  at  t he  wa l l  s urf ac e , a nd t he c onvec t i ve  and r a di
t i ve  c ompone nt s  i n one  t ypi c al  ta ke . T he  me a n e r r or i s  0.3 W/ m 2 , t he  ma x e r r or  i s  0.7
r e  3( b)  s hows  t he  es tima t e d hc(T) a nd hri(T) a nd  t he  ra dia ti ve  c ompone nt s  r e la t ed t o ea c h 
a s  a  f unc t i o n o f t he  a ve r a ge  t e m p e r a t ur e  d i f fe r -
P o l i d o r i  20 0 6)  
wall  unde r  a nal ys i s  a nd t he i-th sur -
a  good init i al  e s ti ma t i on of  iβ c a n 
 a n ef fe c ti ve  me a n 
c oe f fi c ie nts , st a rt ing f r om on s it e  t e mpe ra t ure  a nd fl ux 
r e pr es ent s  a  good 
s ol ut ion t o the  probl e m of  mi ni mi zi ng a  f unc t ion,  ge ne r al -
a ppli c at i on of  t he  LM A i s 
T he  a ppli c at ion of  LM A t o t he e s ti ma t i on of 
f lux a nd t e mpe r a tur es  
) s o t ha t t he  s um of  t he 
( 4) 
pr oc e dur e. T o s t ar t  a 
mi ni mi za t i on, t he  use r  ha s  to pr ovi de  a n i nit ia l  gue s s  for  t he  pa ra me t e r  ve c t or , β. In  ma ny c a s e s , 
ot he r  c a se s , t he a l gori t hm 
c onve r ge s  onl y if  t he  i ni ti al gue s s  i s  a lr e a dy s ome wha t  c l ose  t o t he fi nal  s ol uti on.  
f  t he  LM A doe s  not  guar a nt e e  f or r e s ul ts  that 
t he  unc onst ra i ne d a ppl ic a ti on of  LM A ma y 
r e s ul t  i n ne ga t i ve  c oef fi ci ent s  whi c h ar e  una c ce pta ble. T he r ef ore  s ome  c onst ra i nt s  mus t  be  a p-
pl ie d to t he  it er at i ve  s ol ution pr oc e ss . In t hi s  r e se a rch, we  dis c ove r ed t ha t  t he fol l owi ng c o n-
A M a tl a b s oft wa re  wa s  de ve lope d a nd a n 
c ar ri e d out  t o pr ove  t he e f fe c ti ve ne ss  of  t he me t hodol ogy. Fi gur e  
3( a ) s hows  the  me a s ure d and e st i ma t e d fl uxes  at  t he  wa l l  s urf ac e , a nd t he c onvec t i ve  and r a di a -
, t he  ma x e r r or  i s  0.7  W / m 2 . 
a nd  t he  ra dia ti ve  c ompone nt s  r e la t ed t o ea c h 
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 Fig ur e  2 .  Re si sti ve - c a p a c itive  me a s ur e me nt  sc he ma  fo r  i nd o o r
fa c e  fl u x,  Tsur   is t he  wa ll s ur f a c e  te mp e r a tur e ,  
the  r o o m a ir  te mp e r a tur e .  
 
 
(a) 
Fig ur e  3 .  ( a )  M e a sur e d  a nd  e s ti ma te d  flu xe s a t the  wa ll s ur f a c e ,  a nd  the  c o n ve c ti ve  a nd  r a d ia tive  c o mp
ne nt s.   ( b )  E sti ma te d  hc(T) a nd  hri
 
In or de r  t o va l i da t e  t he  r es ult s , we  c he c ke d whe t he r t he  e st i ma t e d va lue s  were  wi t hi n t he 
r a nge s  publi s he d i n t he  l ite r at ure  a nd, mor e  i mpor t a nt , whe t he
e s ti ma t i ons  on fa c ing wa l l s l e d t o c ons is te nt  r e sult s . In pa rt i cul ar , we  che c ke d whe t her  the  es t
ma t e d r a dia nt  c ompone nt s  of  t wo fa ci ng wa l l s  c onve rgi ng t o a  90° c or ne r  wer e  equa l  i n modul e 
but  oppos it e  i n pha s e . Re s ul t s  a re
T he se nsi ti vi t y of t he  es tima t i on proc e dur e to the  c ha nge s  i n the  t her ma l  re gi me  is  de mo
s t ra t ed i n f i gur e 5 whi c h shows  how a n i mpul s e of na t ura l ve nt il at ion af fe ct s  onl y t he c onve
t i ve  c ompone nt , whil e  t he  ra di at i ve  one  re ma i ns  a l mo
t i a . 
 
Fig ur e  4 .  E sti ma te d  r a d ia tive  fl uxe s 
o p p o site  in p ha se  a c c o r d ingl y to  the  the o r e tic a l 
c a p a c itive  me a s ur e me nt  sc he ma  fo r  i nd o o r  he a t e xc ha n ge ,  wh e r e   
is t he  wa ll s ur f a c e  te mp e r a tur e ,  Tsur_i  is t he  s ur r o und i ng wa l l s ur fa c e  te mp e r a tur e s,  T
(b) 
( a )  M e a sur e d  a nd  e s ti ma te d  flu xe s a t the  wa ll s ur f a c e ,  a nd  the  c o n ve c ti ve  a nd  r a d ia tive  c o mp
(T) a nd  the  r a d ia ti ve  c o mp o ne nt s r e la te d  to  e a c h sur r o u n d ing wa ll.
In or de r  t o va l i da t e  t he  r es ult s , we  c he c ke d whe t he r t he  e st i ma t e d va lue s  were  wi t hi n t he 
r a nge s  publi s he d i n t he  l ite r at ure  a nd, mor e  i mpor t a nt , whe t he r  s i mul ta ne ous  but  unc or r el at e d 
e s ti ma t i ons  on fa c ing wa l l s l e d t o c ons is te nt  r e sult s . In pa rt i cul ar , we  che c ke d whe t her  the  es t
ma t e d r a dia nt  c ompone nt s  of  t wo fa ci ng wa l l s  c onve rgi ng t o a  90° c or ne r  wer e  equa l  i n modul e 
but  oppos it e  i n pha s e . Re s ul t s  a re  s hown i n f i gur e  4.   
T he se nsi ti vi t y of t he  es tima t i on proc e dur e to the  c ha nge s  i n the  t her ma l  re gi me  is  de mo
s t ra t ed i n f i gur e 5 whi c h shows  how a n i mpul s e of na t ura l ve nt il at ion af fe ct s  onl y t he c onve
t i ve  c ompone nt , whil e  t he  ra di at i ve  one  re ma i ns  a l mo s t  una ff e ct e d be c a us e  of  t he t he r ma l  i ne
E sti ma te d  r a d ia tive  fl uxe s fo r  t wo  9 0 ° fa c i ng wa ll s.  T he  fluxe s a r e  a l mo st e q ua l  in mo d ule  a n d  
o p p o site  in p ha se  a c c o r d ingl y to  the  the o r e tic a l r e s ults.  
 
 
he a t e xc ha n ge ,  wh e r e   q  is the   wa ll sur -
is t he  s ur r o und i ng wa l l s ur fa c e  te mp e r a tur e s,  T a mb  i s  
( a )  M e a sur e d  a nd  e s ti ma te d  flu xe s a t the  wa ll s ur f a c e ,  a nd  the  c o n ve c ti ve  a nd  r a d ia tive  c o mp o -
a nd  the  r a d ia ti ve  c o mp o ne nt s r e la te d  to  e a c h sur r o u n d ing wa ll.  
In or de r  t o va l i da t e  t he  r es ult s , we  c he c ke d whe t he r t he  e st i ma t e d va lue s  were  wi t hi n t he 
r  s i mul ta ne ous  but  unc or r el at e d 
e s ti ma t i ons  on fa c ing wa l l s l e d t o c ons is te nt  r e sult s . In pa rt i cul ar , we  che c ke d whe t her  the  es t i -
ma t e d r a dia nt  c ompone nt s  of  t wo fa ci ng wa l l s  c onve rgi ng t o a  90° c or ne r  wer e  equa l  i n modul e 
T he se nsi ti vi t y of t he  es tima t i on proc e dur e to the  c ha nge s  i n the  t her ma l  re gi me  is  de mo n -
s t ra t ed i n f i gur e 5 whi c h shows  how a n i mpul s e of na t ura l ve nt il at ion af fe ct s  onl y t he c onve c -
s t  una ff e ct e d be c a us e  of  t he t he r ma l  i ne r -
 
a l mo st e q ua l  in mo d ule  a n d  
Portugal SB10: Sustainable Building Affordable to All
544
  
Fig ur e  5 .  T he  r a p id  inc r e a se  o f t he  c o n ve c ti ve  c o mp o ne nt d ue  to  na tur a l ve ntila tio n o f t he  r o o m.  I t no t e -
wo r th y t ha t t he  wa lls t he r ma l i ne r tia s ke e p  the  r a d ia tive  c o m p o ne nt a l mo st u na f fe c te d .  
3 EXT ENSION T O DYNA M IC T HERM OGRAPHY  
T he  e xte nsi on of  t he  f lux e s ti ma t i on t e c hni que s  di s cus s e d i n t he  pre vi ous  se c tion t o dyna mi c  
t he r mogr a phy i n i ndoor  e nvi r onme nt s  i s  s tr ai ght f or war d. T he  r el a ti ve  l ow r a di a tive  noi s e  l e ve l 
of  i ndoor  e nvir onme nt s  al l ows  f or  si mpl e  nois e  s uppr ess i on t e c hni que s . Mor e  s pe ci fi c al l y us i ng, 
f or  e xa mpl e , a  t i me  s e que nc e  of  t he r mogr a phi c  i ma ge s  r e c or de d at  i nt er va l  of  5 mi nut e s  i ncl ud-
i ng a  c ont ac t  me a s ur e me nt  poi nt  (e .g. a  the r mor e si st a nc e )  i n t he vi e w fi el d, t he s ys t e ma t ic  er r or 
a nd the  hi gh f re que nc y nois e  c an be e li mi na t ed by me a n sq ua r e d  e r r o r  mi ni miz a tio n  a nd l ow pas s  
t i me  f il te ri ng r e spe ct i ve l y. Spa ti a l fi lt e ri ng ( Ra ni er i   & Pa gl i a ri ni  2002 )  ca n be  us e d t o f urt her  
i mpr ove  t he  i ma ge  qua l it y. Fi gur e  6 s hows  a  t ypi c al  res ult . 
 
 
Fig ur e  6 .  Ca lib r a tio n o f a  t he r ma l i ma ge  t hr o u g h c ur ve  fi tt ing a nd  ti me  filte r i ng.  T he  p ic tur e  s ho ws t he  
va r ia tio n  o f t he  te mp e r a t ur e  w ith t i me  me a s ur e d  b y t he  t he r mo r e sista nc e  ( s mo o t h c ur ve )  a nd  b y t he  the r -
mo c a me r a  ( no is y c ur ve )  b e fo r e  ( le ft)  a nd  a fte r  ( r ig ht)  ti me  filte r i n g.  C ur ve s we r e  p r e vio usl y a li g ne d  b y 
me a n sq ua r e d  e r r o r  mi ni miz a t io n.  
 
Onc e  t he  t he r mogr a phi c  i ma ge  ha s  be e n c a li bra te d, e a ch pi xe l  of  t he  t he r ma l  i ma ge  c a n a c t  as 
a  t e mpe r at ure  pr obe f or  loca l  f l ux e st i ma t ion al l owi ng, i n pr i nc i pl e , f or  the  r e c onst r ucti on of  the 
whol e  the r ma l  fl ux i ma ge . T he  l i mi ts  of  t his  pr oc e dur e r e si de  i n t he  li mi t s  of  a pplic a bil it y of  t he 
e s ti ma t e d he at  e xc ha nge  coe f fi ci e nt s  in poi nt s  t hat  ar e  r el at i ve l y di st a nt  f rom t he  e s ti ma t i on 
poi nt , a nd/ or  i n poi nt s  wher e  the  c ha nge  of  t he  wal l  mor phol ogy c a us e s  si gni fi c ant  va r ia ti ons  of 
t he  ai r  f low r e gi me .  
In t he  e xpe ri me nt a l  c a mpa ign we  i nve s t i ga te d the  as pe c t  c once r ni ng t ypi c al  t he rma l  br i dge s 
oc c urr ing a t  r oom c or ne r s . Fi gur e  7 s hows  t he  e xt e nt  of  t he  homoge ne ous  pa rt  of  t he  wa ll  a nd 
t he  li mi t s  e nc ount e re d i n t he  a ppli c ati on of  t he  hea t  exc ha nge  c oe ff ic ie nts . In t hi s c a s e , the  hea t  
e xc ha nge  coe ff ic ie nts  e sti ma t e d i n t he  c entr a l poi nt of  t he  homoge ne ous  r e gi on c an be  ext ended 
t o t he  whole  r e gi on wit h an e r ror  inc re a se  of  2-3% . T he  t her ma l  bri dge  r e gi ons r e qui r e  a  ne w 
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e s ti ma t i on of  t he  he at  e xc ha nge  c oe ff i ci e nt s , s i nc e  t he a ppli c at i on of  the  c oe ff i cie nt s  e s ti ma t e d 
i n t he  homoge ne ous  par t  r es ult s  in a n una cc e pt a bl e  er ror  i nc re a s e of  10-15% . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  7 .  B uo nd a r ie s se tup  fo r  the  in ve s tiga tio n o f t he  li mit s o f the  e st i ma tio n p r o c e d ur e  
 
4 IDOOR M EASUREM ENT S OF HEAT  EX CHANGE 
One  of  t he  note w or t hy a s pe c t s off er e d by t hi s  pr oce dur e  i s  t he  pos si bili t y of  anal yzi ng t he  c on-
ve c t i ve  a nd r adi at i ve  t her ma l  r e gi me s  s e par at el y - on di ff e re nt par ts  of  the  r oom wa l l s. Fi gure  8 
s hows  the  di ff er e nt  be ha vi or  of t he  the r ma l  br i dge  at  t he  r oom c or ner  wit h r e s pec t  t o the  homo-
ge ne ous  a re a  of  t he  wa ll . The  t her ma l  bri dge  e xc ha nge d a bout  186.5 KJ / m 2  f or  the  dura ti on of 
t he  expe ri me nt  w hil e  t he  homo ge ne ous  r e gi on of  t he  wa l l  e xc hange d 175.9 KJ /m 2 , whi c h is  a p-
pr oxi ma t el y t he sa me  a mo unt  pe r uni t of a re a . T hi ngs  c ha nge  if  we a na l yze  the  ti me  pe ri od 
whe n t her e  i s  a  pr e va le nt  conve c t i ve  he at  e xc ha nge  (fr om f r a me  0 t o f ra me  200) . He r e  the  the r -
ma l  br i dge  e xc hange d a bout  89.51 KJ / m 2  whi l e  t he homo ge ne ous  re gi on of  t he wa l l e xc ha nged 
50.9 KJ / m 2 , t ha t  i s  appr oxima t e l y a  l i t tl e  mor e  t ha n one  ha lf  of  t he  a mount  pe r  uni t  of  ar ea . Thi s 
s hows  how, f or  a  pr e va l ent c onve c t i ve  he at  exc hange  re gi me  ( i .e . na tur al  ve nti la tion) , t he c or ner  
t he r ma l  bri dge  wa s  muc h mor e  e f f i ci e nt  t han t he  homo ge ne ous  wa l l . In a bs e nce  of  na t ur al  ve n -
t il a ti on bot h t he  the r ma l  bridge  a nd t he  homo ge ne ous  re gi on be ha ve d r oughl y i n t he  s a me  ma n -
ne r .   
 
 
 
Fig ur e  8 .  D i f fe r e nt  b e ha vio r s  o f ho mo ge ne o us  r e gio ns  a n d  the r ma l b r id ge s fo r  he a t  e x c ha n ge  r e gi me s  
p r e va le ntl y  c o n ve c ti ve .  
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4 CONCLUS IONS  
In  t hi s  pa per , we  di sc us se d t he  de ve l opme nt  of  a  me t hodol ogy a i me d a t  t he  e s ti ma t ion of  t he  r a -
di at i ve  a nd c onve ct i ve  t her ma l  f l ux c ompone nt s  i n room wa l l s , c ombi ni ng one s i de  c ont ac t 
me a s ur e me nt s  wi th dyna mi c  t her mogr a phy. W e  i ll ust ra t e d t he  a nal yt i ca l  as pe ct s  of  t he  e st i ma -
t i on pr oce dur e  a nd it s  a pplic a ti on t o i ndoor  he at  fl ux ana l ys i s . The  li mi t s  of  a ppl ic a bil it y of  t he 
pr oc edure  we r e  il l us tr a te d a s  we l l . We  de mons t r at e d how, wi t hi n the se  l i mi t s , the  pr oc e dur e  al -
l ows  f or  t he  a na l ys is  of  t he  c onve c ti ve  a nd ra dia ti ve  t he r ma l  r e gi me s  i n dif fe r ent  par ts  of  t he 
r oom wa l l s . For thc omi ng de ve l opme nt s  wi ll  i ncl ude  f urt her  me a s ur e me nt  c a mpa i gns  t o de ta il 
t he  a ppl i ca bili t y li mi t s  t o a  bet te r  e xt e nt  a nd t he  e xt e nsi on of t he  me t hodol ogy t o out door 
e nvi r onme nt s . 
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1 INTRODUCTION 
In this paper the researchers discuss the development and validation of a methodology devel-
oped as part of a wider sustainable housing project, whose overall rationale was to find sustain-
able and affordable retrofit solutions to support CO2 emission reduction in existing social hous-
ing stock in the UK.  The concept was based on the idea that through the installation of 
individual household building management systems, participants could be empowered to take 
ownership of their own climate change impacts by monitoring their own usage, and thus giving 
them the potential to make a positive difference by finding ways of reducing their CO2 emis-
sions.  
In the UK the proportion of energy used by the domestic sector rose from 24-27% in the 
1970’s to 28-31% in 2001 (Utley & Shorrock, 2008).  Over this period there was also an in-
crease in domestic energy consumption of 36%.  This is largely due to growth in the number of 
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ABSTRACT: In this paper the researchers discuss the development and validation of a metho-
dology developed as part of a wider sustainable housing project, whose overall rationale was to 
find sustainable and affordable retrofit solutions to support CO2 emission reduction in existing 
social housing stock in the UK. 
The concept was based on the idea that through the installation of individual household building 
management systems, participants could be empowered to take ownership of their own climate 
change impacts by monitoring their own usage, and thus giving them the potential to make a 
positive difference by finding ways of reducing their CO2 emissions.  
As a significant part of this project, it was necessary to establish perceptions and awareness 
‘sustainable living’ and current behaviours of amongst social housing participants, as well as 
develop a methodology to investigate changes in participants’ perceptions, awareness and beha-
viours as a result of using the building management system.  In addition motivators, barriers and 
appropriateness of such retrofit technologies to promote sustainable living were to be evaluated. 
An interview schedule was developed that allowed researchers to capture participants’ implicit 
and explicit knowledge of climate change and the wider environmental agenda and rank the 
magnitude of these in relation to each other issues facing society at this time.  In addition an ex-
ploration of participants’ behaviours was undertaken, in order to calculate their ecological foot-
print by measuring their carbon footprint; food footprint; housing footprint; and goods and ser-
vices footprint.  These measures were calculated at key intervention points during the lifespan 
of the project to measure changes in participants’ perceptions, awareness and behaviours.  Semi-
structured interviews were also undertaken to elicit motivators and barriers to positive change at 
different stages in the project.   Despite the project’s focus on CO2 emission reduction, calculat-
ing the participants’ ecological footprints allowed the researchers to establish whether positive 
change in the principal domain, namely their carbon footprint, had a knock on effect in the other 
domains and thus lowered the participants’ footprint overall.
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households, as opposed to a significant increase in energy use; energy use per household has on-
ly increased by 5% (Utley and Shorrock, 2008).  According to the Office of National Statistics 
at the Department of Trade and Industry, energy use for space heating has risen by 24%, for wa-
ter heating by 15%, and for lighting and appliances by 157% since 1970.  In contrast, energy use 
for cooking has fallen by 16%.  Space and water heating accounts for 85% of domestic energy 
consumption and the number of centrally heated homes has risen from 34% in 1971 to 90% in 
2001 (Department of Trade and Industry, 2009).  Increased insulation and energy efficiency 
measures have created a saving of 51% in domestic energy consumption from 1970 to 2006 rel-
ative to energy consumption without them (Utley and Shorrock, 2008). These behavioural pat-
terns have implications for tackling climate change. 
Indeed perceptions of climate change in the UK vary greatly.  In a public attitude survey 28% 
of people interviewed stated that ‘we will have to change our lifestyles to reduce energy con-
sumption’, whereas 27% of respondents stated that ‘global warming is a problem but the UK 
won’t do anything about it’.  Indeed 27% stated that ‘researchers will develop new technologies 
to solve the problem’; which means that a significant proportion of the population do not feel 
they have a responsibility to change their environmental behaviour (Curry et al., 2005). 
A central argument in the climate change debate is the understanding that transition requires 
changes to human action and behaviours (Moloney et al., 2009) and according Costanzo et al. 
(1986) behavioural change is seen as the only goal worth pursuing; however this viewpoint has 
been contest in recent years (Fein et al., 2008).   
1.1 Environmentally responsible behaviour (ERB) 
There have been a number of initiatives undertaken to create environmentally responsible beha-
viour (ERB), many of which have incorporated theories of: persuasion; attitude change; an indi-
vidual’s decision making process; understanding the correspondence between attitudes and be-
haviours; addressing issues of durability; and the scope of behavioural interventions (e.g. 
(Costanzo et al.,1986; Harland et al., 2004).  However there is no consensus on the most effec-
tive strategies for influencing individuals to develop ERB and additionally motivators and bar-
riers have to be considered when aiming to create ERB (Maloney et al., 2009). 
Initiatives are based on three common assumptions that: providing relevant information will 
lead to ERB; if a person understands their personal contribution to climate change they will re-
spond with ERB; and individual behaviour change is superior to that of the collective (Fien et 
al., 2008).  Whilst these assumptions may be valid, when isolated they do not achieve the re-
quired aims ((Costanzo et al.,1986).   
In addition recent research has demonstrated that convenience and cost influence likeliness 
and willingness to act.  This must be considered alongside any altruistic position an individual 
may take.  Any initiative must find a balance between moral responsibility and a desire for eco-
nomic gain (Kaplan, 2000; Winefield, 2005).  Furthermore avoiding economic loss has more in-
fluence over household behaviour than securing gain; even of the same quantity.  Initiatives 
should therefore inform the individual of their current losses and before mentioning possible 
gain (Costanzo et al., 1986).   
Media is an effective tool for informing and creating awareness but interpersonal sources 
have greater influence on an individuals’ decision to act with ERB.  Research shows that social 
diffusion has greater influence over household energy use than other sources of information 
(Costanzo et al., 1986) and therefore a supportive social environment is effective in creating 
durable change.  In a study by Weenig and Midden (1991) advice from friends or family had a 
noticeable influence on the adoption of energy conserving technologies.  In addition engaging 
participants in effective and participatory problem solving gives an opportunity for individuals 
to develop their own solutions to ERB and initiatives which incorporate devices to feedback 
about performance to the participant increase the sense of both individual and collective value 
(Bandura, 1977).  Feedback alongside social support is more likely to accomplish durable ERB 
(Harland et al., 2004) due to humanity’s innate desire to be a part of something rather than feel-
ing ineffectual and helpless (Kaplan and Kaplan, 1989).  
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1.2 Technological interventions 
Initiatives which focus on empowering participants to take ownership of and reduce their im-
pacts on climate change, must consider both how technology can be used to reduce carbon 
emissions and the extent to which user behaviour must respond to technology to create durable 
change (Costanzo et al.,1986). The technological component of this research involves the instal-
lation of a residential energy monitoring and feedback system that allows participants to moni-
tor their home energy usage, with the intention of encouraging them to reduce consumption.   
The system will monitor the participants’ consumption of gas (space heating, cooking, hot wa-
ter), and electricity (lighting, washing machines, and other appliances).  To support this infor-
mation real weather data, participants’ routine activities and utility price will be collated. 
In addition there are a number of levels of ‘interventions’ in different homes: 
1. Energy monitoring system;  
2. Energy monitoring system + AAA rated appliances; and 
3. Energy monitoring system + AAA rated appliances + renewable energy source. 
The intention of this approach is to undertake a cost benefit analysis, identifying energy sav-
ing ‘quick wins’; in other words, how great a reduction in carbon emissions can be made by 
each level of intervention. 
Although the focus is currently on energy saving as a result of technological interventions, 
the monitoring system is intended to engage the participants in a more proactive manner.  Indi-
viduals/families frequently lack the knowledge and motivation to run their homes at optimum 
efficiency. This means that positive changes to an individual’s carbon and wider ecological 
footprint are not always realised.   By providing the participants with daily feedback via the 
monitoring system, they can make a direct link between their behaviours and the consumption 
of energy.  It is the intention of this research to demonstrate that a behaviour change approach, 
in conjunction with carbon reducing technology measures, is a constructive way forward.   
2 APPROACH 
On the whole, as demonstrated by the literature, people’s awareness of their contribution to car-
bon emissions as well as to other environmental issues is limited (Curry et al., 2005). To ad-
dress this gap in understanding of people’s perception and awareness of sustainability a qualita-
tive interview-driven approach was favoured over a questionnaire survey (Willig, 2001).  
The interviews took the form of a semi-structured format rather than open format (Smith and 
Eatough, 2008) as this allowed the researchers to direct the interviews in such a ways as to cover 
all areas relevant to the topic in the allotted time of 30-45 minutes which was considered most 
appropriate for retaining the individual/families interest and attention (Breakwell, 1990). 
Interactive tools including flash cards, ranking and ratings scales were adopted in order to en-
gage all family members in the process, especially when asked to discuss their understanding of 
difficult concepts.  Flash cards were used to trigger thoughts and awareness of issues, ranking 
was used to illicit importance’s attached to issues, whilst  rating scales were employed to identi-
fy consumption patterns as well as behaviours so that the researchers could, following the inter-
views, calculate the individual/families carbon and wider  ecological footprint in order to get a 
base level reading.  
The interviews were split into three sections: 
• Scene setting:  Perceptions and awareness were captured by getting the families to rank 
firstly, key issues facing society today in order to see how highly they prioritise sustain-
ability issues such as climate change, the energy crisis and overpopulation, in relation to 
other current affair such as obesity and the credit crunch. Following on from this, they 
are given a list of topics which all negatively impact to some extent or another on the 
environment, and again asked to rank these according to how important they are per-
ceived to be.  In both these instances flash cards were adopted.   Finally in this section 
the participants were asked to say what sprung to mind when different terms used in the 
media to refer to environmental impacts were stated for example, biodiversity, one 
planet living and food miles (Slovic et al., 1991).  
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• Behavioural measures and frequencies: By asking participants about their day to day 
lives including their shopping (consumption) habits including food and white goods, 
transport usage, recycling practices and home energy and water use.  Using the data, the 
researchers were then able to calculate the following ecological footprint domains: car-
bon footprint; food footprint; housing footprint; and goods and services footprint of 
each of the participants using the calculator provided online by Redefining Progress 
(2009). 
• Feedback: This part of the interview allowed the researchers to get feedback from the 
participants about the process of taking part in the interview.  In addition participants 
were given the opportunity to discuss any issues relating to the interview process and 
the topics covered.  However it was insured that the researchers did not unduly influ-
ence the participants’ awareness, perceptions and behaviours, which could skew the re-
sults of future sessions.  
In this instance it was determined that three interview stages be adopted in order to establish 
the base line and then consequently investigate any step change behaviours after 12 and then 24 
months.  At these later stages the discussion will also include open ended questions to elicit par-
ticipants’ reflections on the being involved in this process, including response to the different 
technological interventions. Motivators and barriers to behaviour change in the different do-
mains will also be explored.  
In the pilot study three families living in two storey terraced houses were interviewed.  Each 
family had the same demographic profile and income.  Additionally the houses shared the same 
construction, namely traditional brick built in the 1950's with insulated cavity walls, timber sus-
pended floors and flat concrete roofs. They also had the same principal energy source of gas 
condensing boilers installed in the last 3-5 years. Their size is classified as 3 Bedroom, 4 Person 
houses - between 80 and 90sq m.    
3 RESULTS 
The pilot study results are presented below according to the interview sections. 
3.1 Scene setting 
When asked where the participants found out about news, current affairs and topical issues, 
the most common response was the internet and TV. Participants only listened to new on the ra-
dio when travelling by car.  None of the participants interviewed purchased a newspaper regu-
larly.  When asked to rank in order of importance their perception of the key issues facing socie-
ty today, they perceived climate change to be the most important.  The other issues ranked 2nd 
and 3rd included: species extinction, diseases, overpopulation and the energy crisis.   
When ranking issues relating specifically to the environment, the top ranking issue identified 
was global warming, followed by thinning of the ozone layer, in each instance.  Pollution and 
Greenhouse Gas Emissions were ranked as third or fourth.   
When participants were asked to were asked to say what sprung to mind when different terms 
used in the media to refer to environmental impacts were given to them, they found the task dif-
ficult. They found it easier to verbalise concepts such as ‘alterative energy’ and ‘renewables’ 
than ‘sustainable development, ‘biodiversity’ and ‘one planet living’.  When giving a response 
to some of the other concepts such as ‘food miles’, ecological footprint’ and ‘zero carbon’ they 
demonstrated a limited understanding, often focusing in on one area rather than demonstrating 
an understanding of the bigger picture. 
3.2 Behavioural measures and frequencies  
In the first instance transport use was explored.  This included vehicle ownership and distances 
journeyed using different methods of transport including walking, cycling, private and public 
transport.  This information was necessary in order to calculate their carbon footprint.  When 
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ly carbon footprinting, has had a knock on effect, i.e. educational/attitudinal/behavioural on the 
other domains and thus lowered the families’ ecological footprints.   
It has been documented that previous initiatives fail as a result of not providing information 
to support individuals’ understanding and awareness of the key issues (Costanzo et al.,1986).  
Indeed an understanding key sustainability issues varies significantly from person to person; is 
frequently inadequate; and in some instances, it is the information provided by that particular in-
itiative that is the only information an individual will have.  Costanzo et al. (1986) found that 
approximately one half to three quarters of their participants claimed understanding yet lacked 
accurate knowledge.  Alongside lack of knowledge there are many unfounded assumptions 
linked to ERB which must be dispersed if progress is to be made, e.g. the solely moral objective 
is a common misconception and has portrayed a message that to achieve ERB one will have a 
reduced quality of life (Kaplan, 2000).  Although the importance of conveying information has 
been highlighted, information alone can not only be ineffective, it can have a negative impact on 
the individual, causing uncertainty and confusion about how to act in an environmentally re-
sponsible manner (Harrison et al., 1996).  It often creates the belief that, ‘the actions of one per-
son could achieve little in the face of massive intractable global problems’ (Harrison et al., 
1996, pp. 217).  Research shows ERB is less likely from those who feel helpless which is why it 
is not only important but it is the pivotal issue in the context of ERB (Donn, 1999; Kaplan, 
2000).   Indeed Kaplan (2000, pp. 499) goes as far as to state that “any psychological approach 
to ERB that does not directly address the helplessness issue may have limited practical value”.  
This methodology helps the participants see that by making small changes to their behaviours 
they can have an impact that if undertaken by others, can have a significant impact.  
The advantage of the approach developed and outlined above is that it gives the opportunity 
for the participants to explore their awareness and understanding of issues, challenge their as-
sumptions and build on their knowledge constructively in a way that is not confronting, but con-
trolled by them.  As a result this approach does not need to be facilitated by an outsider but has 
the potential to be developed as a self-lead tool which can tackle behaviours relating not just to 
energy use and carbon reduction but the wider sustainability challenge.  
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1 INT RODUCT ION T O PERFECT ION PROJ ECT  
T he  a i m of  t he  Pe r f e c t i on Coor di na t i on Ac t i on i s  t o he l p e na bl e  t he  a ppl i c a t i on of  ne w bui l di ng 
de s i gn a nd t e c hnol ogi e s  t ha t  i mpr ove  t he  i mpa c t  of  t he  i ndoor  bui l t  e nvi r onme nt  on he a l t h, 
c omf or t , f e e l i ng of  s a f e t y a nd pos i t i ve  s t i mul a t i on wi t hi n t he  f ol l owi ng f r a me wor k 
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P aul  S t es kens  
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ABST RACT :  P e r f e c t i on ( Pe r f or ma nc e  Indi c a t or s  f or  He a l t h, Comf or t  a nd Sa f e t y of  t he  Indoor  
Envi r onme nt , 2009-11)  i s  a  Eur ope a n Coor di na t i on Ac t i on unde r  EC's  7 th  Fr a me wor k Pr o-
gr a mme . It  a i ms  t o he l p e na bl i ng t he  a ppl i c a t i on of  ne w bui l di ng de s i gn a nd t e c hnol ogi e s  t ha t  
i mpr ove  t he  i mpa c t  of  t he  i ndoor  bui l t  e nvi r onme nt  on he a l t h a nd c omf or t , f e e l i ng of  s a f e t y a nd 
pos i t i ve  s t i mul a t i on i nt e gr a t e d wi t hi n a  s us t a i na bl e  bui l t  e nvi r onme nt . 
Pe r f e c t i on pr oj e c t  c ons i s t s  of  t he  f ol l owi ng c ompone nt s  
• t he  i nve nt or y of  c ur r e nt  s t a nda r ds , r e gul a t i ons , t e c hnol ogi e s , a nd ongoi ng a nd r e c e nt  r e -
s e a r c h a c t i vi t i e s  a nd pol i c i e s  r e l a t e d t o t he  opt i ma l  i ndoor  e nvi r onme nt  
• a n a na l ys i s  of  c ur r e nt  i ndi c a t or s  f or  he a l t h a nd c omf or t , s a f e t y a nd a c c e s s i bi l i t y, pos i t i ve  
s t i mul a t i on, a da pt a bi l i t y a nd us a bi l i t y pos i t i one d wi t hi n a  ge ne r i c  f r a me wor k t o a s s e s s  
t he i r  i mpa c t s  t o s us t a i na bi l i t y 
• e xpe r i e nc e s  f r om pi l ot  c a s e s  e xpl oi t i ng t he  ke y i ndo or  pe r f or ma nc e  i ndi c a t or s  i n di f f e r -
e nt  bui l di ng t ype s . 
T hi s  pa pe r  pr e s e nt s  t he  f i ndi ngs  f r om a ppl i c a bl e  de s i gn t e c hnol ogi e s  a nd pot e nt i a l  K e y Indoor  
Pe r f or ma nc e  Indi c a t or s  ( K IPIs )  r e pr e s e nt i ng he a l t h a nd c omf or t , a c c e s s i bi l i t y s a f e t y a nd pos i -
t i ve  s t i mul a t i on, us a bi l i t y a nd a da pt a bi l i t y i n r e l a t i on wi t h t he i r  i mpa c t s  t o s us t a i na bl e  bui l d-
i ngs . 
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Figur e  1 .  T he  P e r fe c tio n visio n a nd  e xp e c te d  imp a c ts.  
 
Pe r f e c t i on wi l l  de l i ve r  
• a  r e pos i t or y of  good i ndoor  pe r f or ma nc e  i ndi c a t or s  f or  he a l t h, c omf or t  a nd s a f e t y 
• a  r e pos i t or y of  s t a t e  of  t he  a r t  e nvi r onme nt a l  t e c hnol ogi e s  t ha t  a ppe a r  t o ha ve  t he  pot e n-
t i a l  f or  a n i mpor t a nt  i mpa c t  on t he  i ndoor  pe r f or ma nc e  a nd s us t a i na bi l i t y of  t he  bui l t  do-
ma i n 
• a n i nt e r ope r a bl e  f r a me wor k f or  pe r f or ma nc e  i ndi c a t or s  qua l i f yi ng t he  i ndoor  e nvi r on-
me nt , a l l owi ng t he  s uc c e s s f ul  l i f e  c yc l e  ma na ge me nt  of  s us t a i na bl e  bui l di ngs  a nd s t i mu-
l a t i ng t he  e xpl oi t a t i on of  a ppr opr i a t e  t e c hnol ogi e s  
• a  de c i s i on s uppor t  t ool  f or  di f f e r e nt  us e r  gr oups  a p pl i c a bl e  t o di f f e r e nt  bui l di ng t ype s  
• f i ndi ngs  f r om s e l e c t e d pi l ot  c a s e s  of  t he  us e  of  t he  i ndi c a t or s  f r a me wor k a nd t he  r e l e va nt  
i ndoor  pe r f or ma nc e  i ndi c a t or s  
• r e c omme nda t i ons  on pol i c i e s  a nd t he  f ut ur e  r e s e a r c h a ge nda :  a  r oa dm a p i nc l udi ng i nc e n-
t i ve s  a nd ba r r i e r s  f or  t he  a ppl i c a t i on of  bui l di ng de s i gn a nd t e c hnol ogi e s  t o i mpr ove  t he  
qua l i t y of  i ndoor  e nvi r onme nt s  
• knowl e dge  a nd good pr a c t i c e s  on pe r f or ma nc e  i ndi c a t o r s  f or  he a l t h, c omf or t  a nd s a f e t y 
i n t he  i ndoor  e nvi r onme nt . 
• a  wi de  di s s e mi na t i on of  f i ndi ngs  t hr ough a n e xt e ns i ve  e xpe r t  ne t wor k a nd t he  or ga ni s a -
t i on of  a  s e r i e s  of  e ve nt s . 
T hi s  pa pe r  pr e s e nt s  i t s  f i r s t  r e s ul t s  on s us t a i na bl e  bui l di ng t e c hnol ogi e s , he a l t h a nd c omf or t  
i ndi c a t or s , a c c e s s i bi l i t y, s a f e t y a nd pos i t i ve  s t i mul a t i on i ndi c a t or s , us a bi l i t y, a da pt a bi l i t y a nd 
s us t a i na bi l i t y i mpa c t s . 
2 REV IEW  OF SUST AINABLE BUILDING T ECHNOLOGIES 
T e c hnol ogi c a l  de ve l opme nt  i n r e c e nt  ye a r s  ha s  br ought  a  l ot  of  t ool s  a nd knowl e dge  e nha nc i ng 
s us t a i na bi l i t y of  t he  bui l t  e nvi r onme nt . 
T he  mos t  di s c us s e d t oda y a r e  c l e a n e ne r gy s our c e s  a nd e ne r gy s a vi ng me a s ur e s  s uc h a s  c om-
bi ne d he a d a nd powe r  ge ne r a t i ng uni t s , l ow e ne r gy a nd pa s s i ve  c ool i ng s ys t e ms , he a t  r e c ove r y, 
Tasks
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PERFECTION
1) coordinates activities to improve the quality of the indoor built environment
2) provides good building performance indicators, tools and case studies
3) formulates recommendations for design and technologies, and supports policies
Optimal indoor environment through good performance indicators
used in skillful building design and appropriate technologies
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design and technologies
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mul t i f unc t i on ve nt i l a t i on s ys t e ms , hi gh-t e c h i ns ul a t i ons  e t c . Pa r a l l e l  t o t hi s  s us t a i na bi l i t y 
“ ma i ns t r e a m”  t he r e  i s  a  l ot  of  ot he r  r e ma r ka bl e  r e l a t e d t e c hnol ogi e s  i mpr ovi ng c omf or t  a nd e f -
f i c i e nc y of  t he  bui l di ngs . 
Ne w t e c hnol ogi e s  e na bl e  a dva nc e d moni t or i ng a nd c ont r ol l a bi l i t y of  he a l t hy i ndoor  e nvi -
r onme nt . Compa c t  s e t s  of  wi r e l e s s  s e ns or  ne t wor ks  c a n be  us e d t o da t a  c ol l e c t i on a nd mor e  e f -
f i c i e nt  r e a l -t i me  bui l di ng ope r a t i on ma na ge me nt . T he  i nf or ma t i on f l ows  c a n be  us e d t o i nc r e a s e  
s a f e t y of  t he  bui l di ng. M oni t or i ng c a me r a  s ys t e ms  e qui ppe d wi t h f a c e  r e c ogni t i on c a n he l p wi t h 
s e c ur i t y pr ovi s i on ( on t he  ot he r  ha nd t he  f e e l i ng of  s a f e t y a nd pr i va c y c oul d s uf f e r ) . 
Indi vi dua l l y c ont r ol l e d mi c r o-e nvi r onme nt  of  wor kpl a c e s  i nc r e a s e s  pr oduc t i vi t y a nd gi ve  t he  
oc c upa nt s  pos i t i ve  s t i mul a t i ons . T he  c omf or t  of  i ndoor  e nvi r onme nt  i s  i nc r e a s e d by i nt e l l i ge nt  
l i ght -ga t he r i ng a nd ne w e ne r gy e f f i c i e nt  l i ght i ng s ys t e ms . 
Spe c i f i c  ki nd of  t e c hnol ogy i s  s of t wa r e  - t ool s  f or  bui l di ng s i mul a t i on a nd de s i gn, l i f e  c yc l e  
pe r f or ma nc e  moni t or i ng, a na l ys i s  a nd e f f i c i e nt  f a c i l i t y ma na ge me nt .  
Cur r e nt  i s s ue  i s  ut i l i za t i on of  BIM s  ( Bui l di ng Inf or ma t i on M ode l s )  i n de s i gn pr oc e s s  a s  we l l  
a s  ope r a t i on pha s e  a nd l ooki ng f or  mul t i di s c i pl i na r y s ui t a bl e  c ommon s t a nda r d t he r e of , whi c h 
wi l l  e a s e  i nt e gr a t e d de s i gn pr oc e s s . 
As  bui l di ngs  be c ome  mor e  s ophi s t i c a t e d, i n s ome  wa ys  t he y c a n be c ome  l e s s  r obus t , mor e  
de pe nde nt  on s pe c i a l i ze d t e c hnol ogi e s  a nd vul ne r a bl e  t o pr i va c y vi ol a t i on or  c ybe r  a t t a c ks . 
Ha nd i n ha nd wi t h a c c ur a c y of  de s i gn a nd pr oduc t i on, c ompl e xi t y of  bui l di ng t e c hnol ogi e s  a nd 
s ophi s t i c a t e d c ont r ol  s ys t e ms  c ome s  ne e d of  hi ghl y s ki l l e d pr of e s s i ona l s  i n pr ogr a mmi ng, i n-
f or ma t i on t e c hnol ogi e s  a nd s e ns or s  e ngi ne e r i ng who wi l l  pr ovi de  a  ne w knowl e dge  f or  mor e  
c omf or t a bl e  a nd s us t a i na bl e  bui l di ngs  ope r a t i on. 
One  of  t he  Pe r f e c t i on goa l s  i s  t o pr ovi de  a  r oa dma p i nc l udi ng i nc e nt i ve s  a nd ba r r i e r s  f or  t he  
a ppl i c a t i on of  bui l di ng de s i gn a nd t e c hnol ogi e s  t o i mpr ove  t he  qua l i t y of  i ndoor  e nvi r onme nt s . 
3 REV IEW  OF HEALT H AND COM FORT  INDICAT ORS 
Pe r f or ma nc e  i ndi c a t or s  f or  he a l t h a nd c omf or t , whi c h ha ve  be e n doc ume nt e d i n s t a nda r ds , r e g-
ul a t i ons , gui de l i ne s , r e s e a r c h a c t i vi t i e s  a nd pol i c i e s  us e d i n de s i gn a nd c ons t r uc t i on of  t he  bui l t  
e nvi r onme nt  ha ve  be e n r e vi e we d. It  i s  t he  obj e c t i ve  of  t he  pr oj e c t  t o pr ovi de  a n ove r vi e w a nd a  
c ompl e t e  l i s t  of  pe r f or ma nc e  i ndi c a t or s  f or  he a l t h a nd c omf or t , whi c h c a n be  a ppl i c a bl e  i n a  
pe r f or ma nc e  i ndi c a t or  f r a me wor k f or  t he  a s s e s s me nt  of  bui l di ng pe r f or ma nc e . Foc us i ng on t he  
de ve l opme nt  of  s uc h a  f r a me wor k, t he  pe r f or ma nc e  i ndi c a t or s  ha ve  be e n gr oupe d i nt o f i ve  c or e  
i ndi c a t or s :  a c ous t i c  c omf or t , vi s ua l  c omf or t , i ndoor  a i r  qua l i t y, qua l i t y of  dr i nki ng wa t e r , a nd 
t he r ma l  c omf or t . Ea c h c or e  i ndi c a t or  i s  de s c r i be d by s e ve r a l  pe r f or ma nc e  i ndi c a t or s . W i t hi n t he  
pr oj e c t , a  pe r f or ma nc e  i s  de f i ne d a s  a  pr ope r t y of  a  pr oduc t , bui l di ng c ompone nt  or  bui l di ng, 
whi c h c l os e l y r e f l e c t s  or  c ha r a c t e r i ze s  i t s  pe r f or ma nc e  ( s t a t e  or  pr ogr e s s  t owa r ds  a n obj e c t i ve )  
i n r e l a t i on t o t he  pe r f or ma nc e  r e qui r e me nt  t ha t  ha s  be e n s e t  ( Looma ns  e t  a l . 2005) . T he  i ndi c a -
t or  s houl d be  a  qua nt i t a t i ve , qua l i t a t i ve  or  de s c r i pt i ve  pa r a me t e r  t ha t  c a n be  r e a di l y a s s e s s e d.  
3.1 Acoustic comfort 
T he  a c ous t i c  c omf or t  i n a  bui l di ng i s  de t e r mi ne d by t he  a c ous t i c  pe r f or ma nc e  of  t he  r ooms  i n 
t he  bui l di ng ( i nt r a -a c ous t i c s )  a nd t he  a c ous t i c s  be t we e n t he  di f f e r e nt  r ooms  i n t he  bui l di ng ( i n-
t e r -a c ous t i c s ) . T he  ove r a l l  obj e c t i ve  of  t he  pe r f or ma nc e  i ndi c a t or s  r e ga r di ng t he  a c ous t i c  c om-
f or t  i n a  r oom i s  t o pr ovi de  a c ous t i c  c ondi t i ons  i n a  bui l di ng t ha t  f a c i l i t a t e  c l e a r  c ommuni c a t i on 
of  s pe e c h be t we e n t he  us e r s  of  t he  bui l di ng.  
T he  l i t e r a t ur e  on t he  f ol l owi ng t opi c s  ha s  be e n r e vi e we d:  i ndoor  a mbi e nt  noi s e  l e ve l s  a i r -
bor ne , s ound i ns ul a t i on be t we e n s pa c e s , a i r bor ne  s ound i ns ul a t i on be t we e n c or r i dor s  or  s t a i r -
we l l s  a nd ot he r  s pa c e s , i mpa c t  s ound i ns ul a t i on of  f l oor s  r e ve r be r a t i on, s pe e c h i nt e l l i gi bi l i t y. 
Ba s e d on t he  s t udy, t he  a c ous t i c  c omf or t  i s  c ha r a c t e r i ze d by f our  pe r f or ma nc e  i ndi c a t or s :  ba c k-
gr ound noi s e , r e ve r be r a t i on t i me , s pe e c h i nt e l l i gi bi l i t y, a nd s t r uc t ur a l  vi br a t i ons . Ea c h pe r f or -
ma nc e  i ndi c a t or  i s  de s c r i be d by one  or  s e ve r a l  pa r a me t e r s . For  e xa mpl e  t he  ba c kgr ound noi s e  i s  
de s c r i be d by a i r bor ne  s ound i ns ul a t i on of  t he  s e pa r a t i ng c ons t r uc t i on, t he  a i r bor ne  s ound i ns u-
l a t i on be t we e n t he  di f f e r e nt  s pa c e s  i n a  bui l di ng, a nd t he  i mpa c t  s ound t r a ns mi t t e d i nt o s pa c e s  
vi a  t he  f l oor .  
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M or e ove r , i t  ha s  be e n obs e r ve d t ha t  a  s e pa r a t e  a s s e s s me nt  of  e a c h s i ngl e  pe r f or ma nc e  i ndi c a -
t or  ma y be  di f f i c ul t . T he  pe r f or ma nc e  i ndi c a t or s  a r e  di r e c t l y c onne c t e d wi t h e a c h ot he r . For  e x-
a mpl e , t he  s pe e c h i nt e l l i gi bi l i t y of  a  s pa c e  i s  di r e c t l y c onne c t e d wi t h, a nd i s  of t e n c ons i de r e d t o 
be  a  f unc t i on of , t he  ba c kgr ound noi s e  a nd t he  r e ve r be r a t i on t i me  ( J ä r ns t r om e t  a l . 2009) .  
3.2 Visual comfort 
Ge ne r a l l y, t he  f unc t i on of  l i ght i ng i n a  bui l di ng c a n be  s ubdi vi de d i n t hr e e  doma i ns :  He a l t h a nd 
s a f e t y, vi s ua l  pe r f or ma nc e , a nd a e s t he t i c s  ( Howa r t h 2005) . Fi r s t  of  a l l , t he  l i ght i ng of  a n a r e a  
s houl d be  a de qua t e  t o e ns ur e  t ha t  pe opl e  c a n l i ve  s a f e l y, a nd i t  s houl d not  i n i t s e l f  be  a  he a l t h 
ha za r d. As s e s s me nt  of  t he  vi s ua l  e nvi r onme nt  c a n pr ovi de  i nf or ma t i on a s  whe t he r  or  not  t he s e  
c r i t e r i a  a r e  me t . 
Se c ond, t he  vi s ua l  pe r f or ma nc e  de f i ne s  whe t he r  t he  l i ght i ng s ol ut i on i n a  r oom i s  s ui t a bl e  f or  
t he  pe r f or me d t a s k( s ) . Compl i a nc e  t o t he  s t a nda r ds  i s  c r i t i c a l  f or  t he  pe r f or ma nc e  of  t he  vi s ua l  
t a s k a nd t hus  f ul f i l l i ng t he  r e qui r e d a c t i vi t i e s .  
T hi r d, a e s t he t i c s  de f i ne s  t he  pos i t i ve  e f f e c t s  of  t he  l i ght i ng i n a  r oom upon huma n we l l -
be i ng, bot h ps yc hol ogi c a l l y a nd bi ol ogi c a l l y. T he  l i ght i ng c ont r i but e s  t o t he  us e r s ’  we l l -be i ng, 
ha s  a c t i va t i ng e f f e c t s , a nd a da pt s  t o t he  de s i r e d l umi na nc e  l e ve l s . 
T he  vi s ua l  c omf or t  ha s  be e n c ha r a c t e r i ze d by s e ve n pe r f or ma nc e  i ndi c a t or s :  i l l umi na nc e , 
di s c omf or t  gl a r e , di s a bi l i t y gl a r e  a nd r e f l e c t i ons , uni f or mi t y a nd c ont r a s t , f l i c ke r , c ol or  a s pe c t s :  
c ol or  r e nde r i ng, c ol or  t e mpe r a t ur e , da yl i ght . Ea c h pe r f or ma nc e  i ndi c a t or  i s  de pe nde nt  of  t he  
s pe c i f i c  i ndi c a t or s  or  pa r a me t e r s . M or e ove r , gui de l i ne s  a nd t a r ge t  va l ue s  f or  e a c h i ndi c a t or  or  
pa r a me t e r  a r e  de f i ne d by t he  s t a nda r ds  a nd r e gul a t i ons  f or  l i ght i ng de s i gn, de pe ndi ng on t he  
l i ght i ng t a s k( s )  pe r f or me d i n t he  s pa c e .  
3.3 Indoor air quality 
T he  i ndoor  a i r  qua l i t y i n a  bui l di ng i s  de t e r mi ne d by c he mi c a l  c ompone nt s  whi c h a r e  pr e s e nt  i n 
t he  i ndoor  e nvi r onme nt . T he  t a s k of  r e duc i ng l e ve l s  of  e xpos ur e  t o i ndoor  a i r  pol l ut a nt s  i s  a  
c ompl e x one . It  be gi ns  wi t h a n a na l ys i s  t o de t e r mi ne  whi c h c he mi c a l s  a r e  pr e s e nt  i n t he  a i r , a t  
wha t  l e ve l s , a nd whe t he r  l i ke l y l e ve l s  of  e xpos ur e  a r e  ha za r dous  t o huma n he a l t h a nd t he  e nvi -
r onme nt . T he  mos t  r e c e nt  gui de l i ne s  f or  i ndoor  a i r  qua l i t y i n Eur ope  ( W HO 2000)  ha ve  be e n 
publ i s he d by t he  W or l d He a l t h Or ga ni za t i on i n 2000. Fur t he r mor e , i nt e ns i ve  s t udi e s , s uc h a s  
( Sc huh 2000) , ha ve  be e n pe r f or me d f oc us i ng on pe r f or ma nc e  i ndi c a t or s  f or  i ndoor  a i r  qua l i t y. 
In t hi s  pr oj e c t , f i ve  c l a s s e s  of  i ndoor  a i r  pol l ut a nt s  ( pe r f or ma nc e  i ndi c a t or s )  ha ve  be e n c a t e go-
r i ze d:  or ga ni c  pol l ut a nt s , i nor ga ni c  pol l ut a nt s , c l a s s i c a l  pol l ut a nt s , i ndoor  a i r  pol l ut a nt s , a nd 
bi oa e r os ol s . T he  pe r f or ma nc e  i ndi c a t or s  i nc l ude  one  or  s e ve r a l  i ndoor  a i r  pol l ut a nt s . Foc us i ng 
on e a c h i ndoor  a i r  pol l ut a nt , a n e xpos ur e  e va l ua t i on a s  we l l  a s  a  he a l t h r i s k e va l ua t i on ha s  be e n 
c a r r i e d out , a nd gui de l i ne s  ha ve  be e n r e vi e we d.  
Inc or por a t i on of  t he  l i s t  of  pe r f or ma nc e  i ndi c a t or s  i n a  f r a me wor k ma y r e s ul t  i n a  l ong a nd 
c ompl e x l i s t  of  i ndi c a t or s / pa r a me t e r s , whi c h ma y not  be  ve r y pr a c t i c a l  a nd us e f ul  f or  bui l di ng 
de s i gn a nd bui l di ng ma na ge me nt . It  i s  r e c omme nde d t o us e  a  r e l a t i ve l y s hor t  a nd s i mpl e  l i s t  of  
pe r f or ma nc e  i ndi c a t or s  t o e ns ur e  t ha t  t he s e  i ndi c a t or s  a r e  a ppl i c a bl e . For  e xa mpl e , a  l i s t  of  pe r -
f or ma nc e  i ndi c a t or s  pr e s e nt e d i n T a bl e  1 ( Sc huh 2000)  c oul d be  a ppl i e d. T he  me a s ur e me nt s  r e -
qui r e d t o i mpl e me nt  t he s e  i ndi c a t or s  a r e  s i mpl e  t o c onduc t  a nd i t  i s  r e l a t i ve l y i ne xpe ns i ve  t o 
obt a i n or  r e nt  t he  e qui pme nt . Appr opr i a t e  gui de l i ne s  a r e  a va i l a bl e  f or  a l l  but  one  of  t he  i ndi c a -
t or s . Odour  i nt e ns i t y i ndi c a t or  i s  us e d t o moni t or  t he  r e oc c ur r e nc e  of  IAQ pr obl e ms , i de nt i f y 
pot e nt i a l  s our c e s , a nd f ol l ow i nf i l t r a t i on pa t hs . 
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T a b le  1 .  P e r fo r ma nc e  ind ic a to r s fo r  ind o o r  a ir  q ua lity ( Sc huh 2 0 0 0 )   
Performance Indicator  Indicator/Parameter  Guideline   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
E ffe c tive  T e mp e r a tur e  T e mp e r a tur e  a nd  r e la tive  humid ity ASH RAE  5 5 -2 0 0 4 R 
  I SO  7 7 3 0 -2 0 0 5  
E ffe c tive  V e ntila tio n Ca r b o n D io xid e  6 0 0  p p m 
Co mb ustio n I nfiltr a tio n Ca r b o n M o no xid e  1 0  p p m 
O d o ur  inte nsity I nte nsity a nd  Cha r a c te r  - 
P a r tic ula te  ma tte r  T o ta l ma ss o f p a r tic le s >  2 . 5 µm 4 0  µm/m 3  
3.4 Quality of drinking water 
T he  qua l i t y of  dr i nki ng wa t e r  i n a  bui l di ng i s  ma i nl y de t e r mi ne d by ma i nt e na nc e  pr ot oc ol s , 
r e gul a r  c l e a ni ng, t e mpe r a t ur e  ma na ge me nt  a nd ma i nt e na nc e  of  a  di s i nf e c t a nt  r e s i dua l , whi c h 
a r e  wi t hi n t he  r e s pons i bi l i t y of  t he  dr i nki ng wa t e r  s uppl i e r . Howe ve r , r e s pons i bi l i t y f or  ma ny 
a c t i ons  e s s e nt i a l  t o t he  c ont r ol  of  dr i nki ng-wa t e r  qua l i t y i n bui l di ngs  i s  out s i de  t he  r e s pons i bi l i -
t y of  t he  dr i nki ng-wa t e r  s uppl i e r . T he  l i t e r a t ur e  r e vi e w s howe d t ha t  i ngr e s s  of  mi c r obi a l  c ont a -
mi na t i on, pr ol i f e r a t i on a nd di s pe r s a l  of  ba c t e r i a  gr owi ng on wa t e r  c ont a c t  s ur f a c e s  ( e s pe c i a l l y 
l e gi one l l a )  a nd a ddi t i on of  c he mi c a l  s ubs t a nc e s  f r om pi pi ng, j oi nt i ng a nd pl umbi ng ma t e r i a l s  
a r e  t he  pr i nc i pa l  ha za r ds  t ha t  ma y a c c r ue  i n t he  dr i nki ng-wa t e r  s ys t e ms  of  ( l a r ge )  bui l di ngs . 
T he  pr e ve nt i on a nd c ont r ol  of  l e gi one l l a  i n i n-bui l di ng wa t e r  s ys t e ms  s howe d t o be  mos t  c r i t -
i c a l  wi t h r e s pe c t  t o t he  qua l i t y of  dr i nki ng wa t e r . T he  r e s e a r c h s howe d t ha t  t he  ma i n pe r f or -
ma nc e  i ndi c a t or  i s  t he  a va i l a bi l i t y of  a  wa t e r  s a f e t y pl a n, f oc us i ng on t he  pr e ve nt i on of  l e gi o-
ne l l a  i n t he  i n-bui l di ng wa t e r  s ys t e ms .  
3.5 Thermal comfort 
T he  t he r ma l  c omf or t  i n a  bui l di ng i s  de t e r mi ne d by t he  i nf l ue nc e  of  t he  i ndoor  e nvi r onme nt a l  
pa r a me t e r s  on huma n’ s  t he r ma l  s e ns a t i on. T he r ma l  c omf or t  a s s e s s me nt  i nc l ude s  a  pa r t  of  un-
a mbi guous l y de f i ne d pe r f or ma nc e  i ndi c a t or s  ( PI)  ba s e d on t he  not i on of  obj e c t i ve l y qua nt i f i a -
bl e  pe r f or ma nc e  me a s ur e s . T he  s e t  of  i ndi c a t or s  i s  f ounde d on e xi s t i ng knowl e dge  i n bi ophys -
i c s  a nd phys i ol ogy. One  of  t he  mos t  wi de l y us e d i ndi c e s  i n mode r a t e  t he r ma l  e nvi r onme nt s , t he  
PM V  i nde x ( pr e di c t e d me a n vot e ) , pr e di c t s  t he  me a n va l ue  of  t he  ove r a l l  t he r ma l  s e ns a t i on of  a  
l a r ge  gr oup of  pe r s ons  a s  a  f unc t i on of  a c t i vi t y ( me t a bol i c  r a t e ) , c l ot hi ng i ns ul a t i on, a nd t he  
f our  e nvi r onme nt a l  pa r a me t e r s :  a i r  t e mpe r a t ur e , me a n r a di a nt  t e mpe r a t ur e , a i r  ve l oc i t y, a nd a i r  
humi di t y ( IS O  7730-2005 , Fa nge r  1970) .  
Al t e r na t i ve l y, ot he r  me t hods  f or  t he  a s s e s s me nt  of  mode r a t e  t he r ma l  e nvi r onme nt s  c oul d be  
us e d, s uc h a s  t he  ne w e f f e c t i ve  t e mpe r a t ur e  ( ET )  a nd t he  s t a nda r d e f f e c t i ve  t e mpe r a t ur e  ( SET )  
( Ni s hi  e t  a l . 1977) . T he s e  i ndi c e s  a r e  ba s e d on a  r e l a t i ve l y s i mpl e  mode l  of  t he  huma n body. 
M or e ove r , mor e  a dva nc e d mode l s  a r e  c ur r e nt l y a va i l a bl e  t ha t  a l l ow f or  t he  t r a ns i e nt  pr e di c t i on 
of  ve r y de t a i l e d t he r mor e gul a t or y pa r a me t e r s  a nd, f or  s ome  of  t he  mode l s , s ubj e c t i ve  r e s pons e s  
t o a  wi de  r a nge  of  e nvi r onme nt a l  c ondi t i ons  ( Ni c ol  2001, De a r  2009) .  
In t hi s  pr oj e c t , Pe r f or ma nc e  Indi c a t or s  f or  t he  t he r ma l  c omf or t  i n a  bui l di ng a r e  pr e s e nt e d 
ba s e d on t he  mode l s  whi c h a r e  c ur r e nt l y a va i l a bl e . T he  t he r ma l  c omf or t  i s  c ha r a c t e r i ze d by f i ve  
pe r f or ma nc e  i ndi c a t or s :  ope r a t i ve  t e mpe r a t ur e , Pe r c e nt a ge  of  Di s s a t i s f i e d ( PPD) , dr a ught , ve r -
t i c a l  a i r  t e mpe r a t ur e  di f f e r e nc e s , r a di a nt  a s ymme t r y. Ea c h pe r f or ma nc e  i ndi c a t or  i s  de pe nde nt  
of  t he  s pe c i f i c  i ndi c a t or s  or  pa r a me t e r s . 
3.6 Implementation in a Performance Indicator framework 
T he  s t udy s howe d t ha t  t he  l e ve l  of  de t a i l  on whi c h t he  i nf or ma t i on f or  t he  a s s e s s me nt  of  a  
bui l di ng i s  a va i l a bl e , i s  t he  ma i n i s s ue  t ha t  i nf l ue nc e s  t he  c ompl e xi t y of  t he  i ndi c a t or  f r a me -
wor k. Of t e n, a  s pe c i f i c  i ndi c a t or  c a n be  a s s e s s e d on a  gl oba l  l e ve l , ba s e d on a  qua l i t a t i ve  a nd 
mor e  s ubj e c t i ve  e va l ua t i on of  t he  pe r f or ma nc e  i ndi c a t or s , or  a  mor e  de t a i l e d l e ve l , ba s e d on a  
qua nt i t a t i ve  a nd obj e c t i ve  e va l ua t i on. W hi l e  que s t i onna i r e s  a nd c he c kl i s t s  s howe d t o be  s ui t a -
bl e  a s s e s s me nt  me t hods  f or  t he  f i r s t  a ppr oa c h, de t a i l e d me a s ur e me nt  of  t he  pe r f or ma nc e  i ndi c a -
t or s  a nd c or r e s pondi ng pa r a me t e r s  a r e  r e c omme nde d f or  a  s e c ond mor e  t hor ough a ppr oa c h. Fo-
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c us i ng on t he  de ve l opme nt  of  a n i ndi c a t or  f r a me wor k i t  i s  r e c omme nde d t o a ppl y s uc h a  di s -
t i nc t i on ( gl oba l  vs . de t a i l e d)  wi t hi n t he  Pe r f e c t i on pr oj e c t . M or e ove r , t he  f r a me wor k c oul d be  
a ppl i e d i n di f f e r e nt  pha s e s  of  t he  l i f e  c yc l e  of  a  bui l di ng, s uc h a s  t he  de s i gn pr oc e s s , t he  c on-
s t r uc t i on, a nd t he  i n-us e  pha s e . In e a c h pha s e , di f f e r e nt  a s s e s s me nt  me t hods  c a n be  a ppl i e d f or  
t he  e va l ua t i on of  t he  ( c or e )  pe r f or ma nc e  i ndi c a t or s . 
4 REV IEW  OF ACCESSIBILIT Y, SAFET Y AND POSIT IV E ST IM ULAT ION 
INDICAT ORS 
Ac c e s s i bi l i t y, s a f e t y a nd pos i t i ve  s t i mul a t i on ha ve  a n i mpa c t  on t he  s us t a i na bi l i t y of  a  bui l di ng 
i nf l ue nc i ng s t r ongl y i n t he  s oc i a l  a s pe c t  of  t he  bui l t  e nvi r onme nt . Ac c e s s i bl e  bui l di ngs  pr ovi de  
t he  oppor t uni t y t o e ve r y us e r  t o us e  i t  wi t h t he  s a me  l ow-l e ve l  of  e f f or t . Howe ve r , a c c e s s i bi l i t y 
i s  not  t he  onl y a s pe c t  t o be  c ons i de r e d whe n de s i gni ng s us t a i na bl e  bui l di ngs . In or de r  t o s t i mu-
l a t e  t he  us e r  t o pa r t i c i pa t e  t o s oc i a l  l i f e  or  t o i mpr ove  hi s  ge ne r a l  pos i t i ve  f e e l i ng of  t he  bui l t  
e nvi r onme nt  ( us e r  e xpe r i e nc e ) , i t  i s  i mpor t a nt  t o c ons i de r  pos i t i ve  s t i mul a t i on. T hi s  c onc e pt  
gui de s  t he  us e r s  t o do or  t o f e e l  s ome t hi ng. For  e xa mpl e , i f  a  de s i gne r  c r e a t e s  l a r ge  publ i c  s pa c e  
wi t h ma i l box i n a  r e s i de nt i a l  bui l di ng, i t  wi l l  i nvi t e  pe opl e  t o me e t  e a c h ot he r  i n t hi s  s e mi -
publ i c  s pa c e . Pos i t i ve  s t i mul a t i on i s  a n a bs t r a c t  c onc e pt  whi c h e nha nc e s  t he  us e r  e xpe r i e nc e . 
Sa f e t y a s pe c t s  mus t  be  c ons i de r e d i n t he  a ppr oa c h of  t he  s us t a i na bl e  de s i gn be c a us e  t he y a r e  a  
ba s i c  r e qui r e me nt  f or  huma n l i f e  i n t he  i ndoor  e nvi r onme nt . 
4.1 Accessibility indicators 
A de f i ni t i on of  a n a c c e s s i bl e  bui l di ng i s  one  t ha t  i s  c a pa bl e  of  be i ng a c c e s s e d a nd us e d by e a c h 
ki nd of  us e r  ( di s a bl e d pe opl e , pr a m, ol de r  pe opl e , c hi l dr e n, e t c .) . An a c c e s s i bl e  e nvi r onme nt  i s  
one  i n whi c h a  us e r  ( e .g. a  di s a bl e d pe opl e )  c a n e nt e r  a nd ma ke  us e  of  i nde pe nde nt l y or  wi t h 
he l p f r om a  pa r t ne r  or  a s s i s t a nt , i nc l udi ng be i ng a bl e  t o e s c a pe  i n t he  e ve nt  of  f i r e  or  ot he r  
e me r ge nc y. 
T he  i ndi c a t or  me a s ur e s  t he  a c c e s s i bi l i t y of  s e r vi c e s  of  a n i ndoor  e nvi r onme nt . W i t h t he  he l p 
of  t hi s  i ndi c a t or , i t  wi l l  be  pos s i bl e  t o s a y i f  ye s  or  no a  s e r vi c e  pr ovi de d by t he  bui l di ng i s  
r e a c ha bl e  a nd us a bl e  by a  us e r . T hi s  ki nd of  i ndi c a t or  c oul d be  a  c he c k l i s t , a  c oe f f i c i e nt  gi vi ng 
t he  qua l i t y of  t he  a c c e s s , e t c . T hi s  i ndi c a t or  i s  qua l i t a t i ve  ( but  t he  a s s e s s me nt  i s  obj e c t i ve ) . 
T he  a c c e s s i bi l i t y of  t he  bui l di ng ne e ds  t o c ons i de r  t he  f ol l owi ng 
• t he  a ppr oa c h t o t he  bui l di ng, i nc l udi ng c a r  pa r ki ng,  ot he r  t r a ns por t  s t op of f  poi nt s  a nd 
a c c e s s  r out e s  
• t he  e nt r a nc e  t o t he  bui l di ng, i nc l udi ng t he  s t e ps , r a mps  a nd e nt r a nc e  door s  ( t ypi c a l l y t he  
pr i nc i pa l  e nt r a nc e )  
• move me nt  i ns i de  t he  bui l di ng, i nc l udi ng l obbi e s , c or r i dor s , s ur f a c e s , i nt e r na l  door s  a nd 
ve r t i c a l  c i r c ul a t i on 
• f a c i l i t i e s , pa r t i c ul a r l y i nc l udi ng a c c e s s  t o s a ni t a ry a c c ommoda t i on, but  a ny f unc t i on of  
t he  bui l di ng c oul d be  c ons i de r e d. 
Ac c e s s i bi l i t y r e l a t e s  wi t h c ommuni c a t i on wi t hi n t he  bui l di ng, i nc l udi ng t he  us e  of  a ny c om-
muni c a t i on e qui pme nt , c ogni t i ve  a s s i s t a nc e  a nd ot he r  de vi c e s . An e xa mpl e  of  s uc h a n i ndi c a t or  
i s  t he  de s i gn ne e ds  l i nke d t o t he  e nt r a nc e  of  a  bui l di ng c ons i de r i ng r a mps  or  s t e ps , pr i or  t o t he  
e nt r a nc e  door . T ha t  i s  a  c ompl e x ma t t e r  a nd s ubj e c t  t o s pe c i f i c  r e qui r e me nt s  t ha t  a r e  gi ve n i n a  
de t a i l e d r e vi e w of  i ndi c a t or s . Pe r f e c t i on pr oj e c t  ma ke s  a  r e vi e w of  t he s e  i ndi c a t or s . 
4.2 Safety indicators 
T he  s a f e t y i ndi c a t or s  e xpr e s s  t he  a bi l i t y of  t he  i ndoor  e nvi r onme nt  t o pr ovi de  s a f e  a nd r e s i s t a nt  
s pa c e  f or  t he  us e r s  a nd oc c upa nt s  of  t he  bui l di ng.  
T he  f unda me nt a l  of  s a f e t y i s  of  c our s e  t he  s t r uc t ur a l  s t a bi l i t y unde r  nor ma l  e xpl oi t a t i on 
c ha r ge s  but  t he  i nt e nt  of  Pe r f e c t i on i s  a l s o t o c ol l e c t  i ndi c a t or s  r e l a t e d t o f e e l i ng of  s a f e t y, i n-
c l udi ng s ome  s e c ur i t y a s pe c t s . In t hi s  wa y, t he  s a f e t y a s pe c t  i s  e xt e nde d t o t he  f ol l owi ng t opi c s  
• s t a bi l i t y a ga i ns t  l oa di ngs  c ons i de r i ng e xc e pt i ona l  l oa di ngs  be c a us e  of  e a r t hqua ke , e xpl o-
s i on a nd he a vy wi nd whe n r e l e va nt  
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• r e s i s t a nc e  a ga i ns t  we a t he r  e xpos ur e  c ons i de r i ng l i gh t ni ng or  he a vy r a i ns  a nd f l ood 
• f i r e  s a f e t y 
• gl a zi ng r e l a t e d s a f e t y 
• r i s ks  of  f a l l i ng 
• e l e c t r i c a l / e l e c t r oma gne t i c a l  s a f e t y 
• s e c ur i t y-pr i va c y  
• c ybe r  s e c ur i t y 
• r e s i s t a nc e  t o a t t a c k. 
If  we  c ons i de r  t he  r i s k of  f a l l i ng, t he  s l i ppe r y r e s i s t a nc e  c oe f f i c i e nt  of  t he  f l oor  i s  a  pa r t i a l  
i ndi c a t or  a nd i t  mus t  be  c ombi ne d wi t h ot he r  i ndi c a t or  i n or de r  t o e va l ua t e  t he  r i s k of  f a l l i ng 
( e .g. no une xpe c t e d di f f e r e nc e  of  l e ve l s , pr ope r l y s ha pe d s t a i r s , e t c .) . 
4.3 Positive stimulation indicators 
T he s e  i ndi c a t or s  e xpr e s s  how t he  i ndoor  e nvi r onme nt  s t i mul a t e s  i t s  us e r s  a nd oc c upa nt s  t o do 
s ome t hi ng ( be t t e r  pa r t i c i pa t e  t o t he  s oc i a l  l i f e , t o f e e l  be t t e r , t o i mpr ove  pr oduc t i vi t y, e t c .) .  
T he  a s pe c t s  of  pos i t i ve  s t i mul a t i on i nc l ude  
• s oc i a l  a s pe c t s  
• s e ns e s  s t i mul a t i on a s pe c t s  ( s e e i ng, he a r i ng, s me l l i ng, … )  
• e c onomi c  a s pe c t  ( hi ghe r  pr oduc t i vi t y, ...)  
Some  e xa mpl e s  of  pos i t i ve  s t i mul a t i on us e d a r e  
• t he  c ons i de r a t i on of  a  s t r e s s  r e duc i ng de s i gn of  t he  i ndoor  e nvi r onme nt  
• f r a gr a nc e  s t i mul a t i on of  wor ke r s  
• i nc l us i ve  a r c hi t e c t ur a l  de s i gn  
• us e  of  di f f e r e nt  c ol our s  a t  di f f e r e nt  t i me s  t o s t i mu l a t e  pr oduc t i vi t y 
• us e  of  vi de o ga me  c ons ol e  i n a ge  c a r e  home s  t o s t i mu l a t e  t he  e l de r l y t o ma ke  phys i c a l  
e xe r c i s e s  e t c . 
T he  Pe r f e c t i on pr oj e c t  wi l l  pr ovi de  a  c ol l e c t i on of  e xa mpl e s  whi c h wi l l  be  us e d t o de f i ne  
pos i t i ve  s t i mul a t i on i ndi c a t or s . 
5 NOT ES ON USABILIT Y, ADAPT ABILIT Y AND SUST AINABILIT Y IM PACT S 
Pe r f e c t i on pr oj e c t  wi l l  a l s o out l i ne  a ddi t i ona l  i ndoor  pe r f or ma nc e  i ndi c a t or s  r e l a t i ng wi t h e .g. 
a da pt a bi l i t y a nd us a bi l i t y. T he  i mpa c t  of  Pe r f e c t i on K e y Indoor  Pe r f or ma nc e  Indi c a t or s , K IPIs , 
t o s us t a i na bi l i t y, c ove r i ng s oc i a l , e nvi r onme nt a l  a nd e c onomi c  di me ns i ons , wi l l  be  ma ppe d. 
T hi s  Pe r f e c t i on f r a me wor k wi l l  s e r ve  a s  a  ba s i s  f or  t he  de ve l opme nt  of  a  we b-ba s e d t ool  t o be  
us e d i n c a s e  s t udi e s  t o ma na ge  t he  i ndoor  pe r f or ma nc e  of  bui l di ngs . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2 .  A  sc he ma tic  vie w o n the  d r a ft ge ne r ic  fr a me wo r k 
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6 CONCLUSIONS 
Pe r f e c t i on pr oj e c t  ( 2009-2011)  wi l l  de l i ve r  a  ge ne r i c  f r a me wor k f or  pe r f or ma nc e  i ndi c a t or s  
qua l i f yi ng t he  i ndoor  e nvi r onme nt , a l l owi ng t he  s uc c e s s f ul  l i f e  c yc l e  ma na ge me nt  of  s us t a i n-
a bl e , he a l t hy, c omf or t a bl e , s a f e  a nd a c c e s s i bl e  bui l di ngs  a nd s t i mul a t i ng t he  e xpl oi t a t i on of  a p-
pr opr i a t e  t e c hnol ogi e s . T he  f r a me wor k wi l l  be  i nt e gr a t e d i n a  we b-ba s e d t ool  a nd us e d i n a  s e -
r i e s  of  c a s e  s t udi e s . T he  t ool  wi l l  be  a va i l a bl e  f or  pr oduc e r s , de s i gne r s  a nd us e r s  t o e va l ua t e  
pr oduc t s , t e c hnol ogi e s  a nd bui l di ngs  wi t h r e ga r d t o t he  i ndoor  e nvi r onme nt . By c r e a t i ng a  da t a -
ba s e  of  s howc a s e  pr oduc t s , t e c hnol ogi e s  a nd bui l di ngs  t he  pr oj e c t  wi l l  s t i mul a t e  good i ndoor  
e nvi r onme nt a l  pr a c t i c e s  a r ound Eur ope . 
In or de r  t o c ommuni c a t e  wi t h t he  us e r  c ommuni t y, t he  Pe r f e c t i on c ons or t i um i s  c r e a t i ng a  f o-
r um f or  i nt e r a c t i on, a  we b-ba s e d e va l ua t i on a nd pr omot i ona l  modul e  a nd a  s pe c i f i c  pr oj e c t  
we bs i t e  ( ht t p: / / www.c a -pe r f e c t i on.e u ) . A c oupl e  of  e ve nt s  a r e  a l s o or ga ni s e d i n or de r  t o i nf or m 
you a bout  t he  pr ogr e s s  of  t he  pr oj e c t , a nd t o di s c us s  s ome  of  t he  r e s ul t s  a nd r e s e a r c h wor k.  
ACK NOW LEDGEM ENT S 
T hi s  pa pe r  pr e s e nt s  t he  wor k a nd f i ndi ngs  of  t he  PERFECT ION c ons or t i um, whi c h c ons i s t s  of  
BBRI, V T T , Api nt e c h, CT U, Ar mi ne s , Ol i ve r  K or na dt  und Pa r t ne r s , ICT AF, Si T I, T Ue , ASM  
Lt d. a nd BRE. 
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1. INTRODUCTION 
1.1 Definition of inquiry context 
Since, in Italy, the 34% of the building interventions, currently, are directed to the existing 
building stock, the field of inquiry is the public residential buildings stock that requires inter-
ventions of energy retrofit, to restore the performances to the levels expected by the energy sav-
ing regulations in force. 
The objectives of the present research derive from the necessity to define a methodology of 
intervention in this ambit and to associate it to systems that, since the production phase, have an 
energy behaviour in line with the necessity to guarantee interventions with low environmental 
impact. 
The proposed model allows to take in consideration the energy performance of an existing 
building organism by means of a series of parameters and indicators, in tight relationship with 
the context of intervention. From the results of the evaluation spring the possible strategies of 
intervention and the relevant operative actions. 
1.2 Aim of the study 
The final goal of the proposed research is the definition of a Decisions Making Support Tool 
for the actions of energy retrofit on existing public buildings in Mediterranean climate. 
The choice to elaborate this type of system derived from the necessity of interventions, in 
particular on existing building stock, that are able to take in consideration the principal features 
of the context and of the object of intervention. 
The “energy cost” as performance parameter. A Decision Making 
Support System for retrofit actions. 
M.T. Lucarelli, M. Milardi & F. Villari 
University of Study Mediterranean, Faculty of Architecture, Department DASTEC, Reggio Calabria, Italy 
ABSTRACT: In the general context of the impact evaluation of the building sector on the 
mechanisms of environmental systems in the local scale – and in a global point of view, the en-
ergy parameter represents a fundamental factor for the inquiry and constitutes a necessary indi-
cator to give a quantitative evaluation to the environmental compatibility of a building product 
and/or technical system. 
In this research, the studies are focalized on the building envelope systems, taking in considera-
tion at the same time:  
− climatic and microclimatic characteristics of the intervention context (Southern Italy); 
− thermophysical behaviour of the used building materials and components; 
− quantity of energy used in the production of materials and components. 
The purpose of the study is the definition of a Decisions Making Support System for the inter-
ventions on existing building. 
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Such approach allows, from a hand, to limit the risks of a performance under-dimensioning 
due to a not correct interventions; and, on the other hand, to avoid a performance over-
dimensioning due to the necessity to optimize use of the resources. 
For these reasons, results of large importance the knowledge of the object of intervention and 
of the surround conditions -that can influence, both positively and negatively, the behaviour the 
of building object and on which the building object can have to its time a certain influence. 
The Decision Making Support System has the aim to put in connection, across a structured 
series of operating steps, the phase of knowledge of building object of intervention, the features 
of the wider context in which it is localized and the strategies to carry out with the purpose to 
improve the energy performances. 
In addition, the choice of the technical solution to adopt in the actions on existing building, 
takes in consideration the parameter of energy cost in production phase. The existing building 
stock, in fact, already embodies a certain quantity of energy, defined as “latent energy”. Such 
energy store should not undergo excessive increase in consequence of over-dimensioned ac-
tions for energy requalification. 
2 THE DECISION MAKING SUPPORT SYSTEM 
2.1 General information 
The Decision Making Support System is articulated through different levels of successive 
deepening that drive the operator, specifically the designer, in the knowledge, the evaluation 
and the action on existing public buildings. 
2.2 The Knowledge: Module M1 
The knowledge actions are developed by the collection of a series of information, with succes-
sive specification degrees. Such phase is supported by the use of a filing system, with simple 
compilation, that allows to collect data with different deepening levels. 
The Knowledge Module M1 is constituted by two sub-modules: 
− M.1a: relevant to the general information on the object and on the local context of interven-
tion; 
− M.1b: relevant to more specific information subdivided in four levels of study that are: 
1. the level of the environmental context; 
2. the settlement level; 
3. the level of building organism; 
4. the level of building envelope. 
2.3 The Evaluation: Module M2 
The phase of evaluation allows to express a judgment on the conditions of existing building, in 
function, not only of technical and technological parameters relative to the building organism, 
but in function of a set of parameters and indicators that are relative to the wider context of in-
sertion of the object of the study and that can influence its behaviour from the point of view of 
the energy performance. In this phase extremely different variables, that are factors with envi-
ronmental origin and factors with technical and technological origin, are compared and put in 
relationship. 
For this purpose were individualized four problems of inquiry: 
A) external thermal loads; 
B) dispersion through building envelope; 
C) shading; 
D) indoor/outdoor air flows. 
The structure of the proposed evaluation system is articulated following a methodological 
pattern, similar to that used at first for the GBCTool (the International Green Building Chal-
lenge sustainable rating method) and subsequently re-elaborated for the compiling of ITACA 
Protocol (an adaptation of GBCTool elaborated by Federal Organization of the Italian Regions 
and Provinces). 
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Unlike such evaluation tools, that aim to a wider dissemination and utilization independently 
from the context of use, the proposed tool does reference to parameters and indicators tightly 
connected to the local context (for example values of solar irradiance and radiation measured at 
the latitude 38°). 
The logic that subtends the construction of the model does not exclude, however, the possi-
bility to adapt it to other latitudes, only replacing some reference values. 
For each individualized Problem were defined some “Influence Categories” that, in their 
turn, are described by “Subcategories” or “Influence Parameters”, for which were determined 
assessable indicators in function of reference values (benchmarks). 
The benchmarks derived from values set and/or individualized by the regulations in force, or 
in absence of these, from previous experiences sprung by the analysis of other evaluation sys-
tems of the environmental performance of building interventions or by statistical data. 
 
Figure 1. Framework of the proposed method and exemplification of the Problem A “External Thermal 
Loads”  
 
 
The definition of the indicators is necessary to allow the evaluation. In fact, for each bench-
mark relevant to each indicator, was assigned - always considering GBTool articulation as basis 
-, a score included between 1 and 4 and so defined: 
− Negative: not respect of minimum value foreseen for example by regulations or current prac-
tice. Score -1. 
− Admissible: respect of the value set by regulations in force, or in absence of these, with the 
current practice. Score 0. 
− More than admissible: it represents a slight performance improvement as regards the regula-
tions in force or the current practice. Score 1. 
− Positive: it represents a moderate performance improvement as regards the regulations in 
force or the current practice. Score 2. 
− More than positive it represents a meaningful performance improvement as regards the regu-
lations in force or the current practice. Score 3. 
− Best practice: it represents the best current practice. Score 4. 
2.3.1. The weighing 
The proposed Decision-Making Support Tool provides a system of weighting that involves all 
of the considered levels. To each Problem was assigned a percentage of importance, and in 
function of the fact that the actions are carried out in Mediterranean climatic context, greater 
weight is been given to the aspects joined and influencing the external thermal loads and ther-
mal insulation. 
Each Influence Category has an its own weight and a weight relevant to the Problem, and 
each Influence Parameter has a weight relevant to the Influence Category and another weight 
relevant to the Problem of reference. Everything with the intent to obtain an aggregated score 
and to include the relevant level of influence between the considered variables. 
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 Fig. 2 – Framework of weighing system 
 
 
The Figure 3 allows to individualize the weights assigned to each investigated level relative to 
Problem A. 
 
Figure 3. Weights assigned to investigated level (example of Problem A “External Thermal Loads”) 
Problem 
Influence 
Category  
Influence 
Parameter  
 
Weight % 
Weight % 
Weight % 
Weight % relevant to  
Weight % relevant to  
Weight % relevant to  
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2.3.2. The methodology of calculation adopted 
The procedures of calculation are made by means of sum and product to keep account of the 
percentages in weight of each considered variable. Specifically, the calculation follows this 
course:  
1. the score assigned to each indicator multiplied for the weight assigned to the relevant In-
fluence Parameter gives as result the weighed value of the Influence Parameter. 
 
(Indicator Score)i x (Influence parameter weight in percentage %)i =  
= (Value of Influence Parameter)i 
 
2. The sum of the weighted values of each Influence Parameter multiplied for the weight at-
tributed to the relevant Influence Category gives as result the weighted value of influence Cate-
gory. 
 
∑ i 
1= n
 (Values of Influence Parameters)n x (Influence Category weight in percentage %)i  = 
= (Value of Influence Category)i 
 
3. The sum of the weighted values of each Influence Category multiplied for the weight at-
tributed to the Problem to which this does reference gives as result the weighted value of the 
same Problem. 
 
∑ i 
1= n
 (Values of Influence Categories)n x (Problem weight in percentage %)i = 
= (Value of Problem)i 
 
To make easier the calculation, in the ambit of this research, were arranged some spread-
sheets for the automatic elaboration of the final results and of the relevant graphic representa-
tion. 
Figure 4. Framework of the evaluation (example relative to the Problem A “External Thermal Loads”). 
Chapter 5:  Monitoring and evaluation 
569
2.3.3  The results presentation  
As previous indicated, the calculation sheets elaborated to facilitate evaluation and weighting 
operations, allow also an immediate display of the results by means of histograms. 
It was chosen to visualize the results in two moments and by means of two different graphic 
representations. 
The first one, contained in the sheet named "Partial Results", allows to visualize the evalua-
tions of each Influence Category in the context of the relevant Problem. This allows to indi-
vidualize immediately how the evaluations of the Influence Categories contribute to the defini-
tion of the evaluation of the relevant Problem. 
Figure 5. Presentation of the partial results (example relative to the Problem A “External Thermal 
Loads”). 
 
 
The second graphic representation, contained in the calculation sheet named "Overall Re-
sults", supplies the aggregate weighted values relevant to each Problem, agreeing to visualize 
an immediate comparison between the four Problems investigated. 
Figure 6. Presentation of the overall results. 
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2.4 The Action: Module M3 
In accordance with the results of the evaluation it is possible to define the most fitting strategies 
of intervention in relation with the characters of the building organism and of the local condi-
tions. 
Objective of the whole proposal is to consider other parameters in the determination of the 
possible interventions of retrofit energy, going beyond the tendencies that follow the minimal 
standards set by the regulations in force. These last, in Italy, in fact, consider only the aspects 
joined to the enhancement of the U-values of envelope elements, underestimating the possibili-
ties offer also from other types of approaches. 
For what concerns the Action Module M3, were individualized four macro-categories for the 
control and the management of the energy flows in terms of heat earnings and dispersions pass-
ing through the envelope: 
1. strategies for thermal insulation, St. 1; 
2. strategies for the reduction of the thermal load, St. 2; 
3. strategies for the temporal phase-displacement of thermal load, St. 3; 
4. strategies for the control of the outdoor air flows, St. 4.  
For each proposed strategy are individualized some actions of intervention and the possible 
technical solutions to adopt. These are assessed in function of the “energy used in production 
phase” parameter. 
2.4.1 Definition of the ranks for the determination of possible actions 
The purpose of the evaluation is to reduce the field of the possible solutions for the actions of 
retrofit and to individualize the most appropriate solution with respect to the surveyed condi-
tions. 
For this reason, for each Problem were individualized the maximum, minimum and medium 
values achievable by Evaluation Module M2, to which the possible strategies are associated 
through the matrix presented in the Figure 8. 
 
 EVALUATION RANGE A (EA) 
PROBLEMS A 
Low Medium High 
-0.24 ≤ EA< 0 0 ≤ EA< 0.51 0.51 ≤ EA ≤ 0.94 
excessive thermal loads admissible thermal loads optimal condition 
Figure 7. Evaluation Range of the Problem A “External Thermal Loads”. 
 
 
Figure 8. Matrix of the combination of the possible strategies of intervention, in function of the evaluation 
relative to the inquired Problems. 
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2.5 Evaluation of action: Module 4 
The actions that characterize the strategies and the relevant technical solutions are evaluated in 
function of the "energy cost parameter". Naturally the evaluation is carried out considering 
equal technical performance offered by the possible technological options. 
Since normative references and standard connected to the "energy cost parameter" are cur-
rently lacking, it was done reference to ranges and scores deriving from other evaluation sys-
tems.  
Of the indicators used to describe the parameter “Energy cost in production phase” were 
considered: 
− The energy consumption for production (information derived from EPD - Environmental 
Product Declaration); 
− The presence of the environmental product and/or process certifications. 
− The energy consumption for transportation (connected with the distance from the point of 
production and the point of utilization). 
3 CONCLUSIONS 
3.1 Final considerations and open problems 
The present research provides a contribution toward the identification of integrated strate-
gies of requalification, built on the local characters specification, for a more efficient and 
more effective policy of intervention. 
Therefore, the proposed tool allows to define design criteria, in the viewpoint of the con-
cept of the individuality of requalification action, that doesn’t allow rigid standardizations, 
but suggests approaches connected with the conformation of the building organism and 
with the context in which this is localized. 
The choice to consider, as discriminant factor for strategies of intervention, only the en-
ergy parameter could mislead the inexperienced and with low technical and technological 
culture user. It’s necessary to underline the experimental character of proposed tool, empha-
sizing the possibility to implement and to improve it with the insertion of other parameters 
(for example durability and manutenability of technical solutions). 
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1 INT RODUÇÃO 
 
A c ons t r uç ã o s us t e nt á ve l  é  da  ma i or  a c t ua l i da de , t e ndo-s e  ve r i f i c a do uma  c r e s c e nt e  i mpor t â nc i a  
de s t a  t e má t i c a  na  úl t i ma  dé c a da , a pe s a r  de  s e r  um a s s unt o de  r e l a t i vo i nt e r e s s e  há  ba s t a nt e  t e m-
po. Pa r a  a l é m de  a s s i s t i r mos  há  dé c a da s  a  uma  c r i s e  s oc i a l  e  a mbi e nt a l , hoj e  a s s i s t i mos , a  ní ve l  
mundi a l , a  uma  c r i s e  e c onómi c a  que  ve i o de  c e r t a  f or ma  c ons c i e nc i a l i za r  a s  popul a ç õe s  pa r a  
uma  vi r a ge m na s  pr i or i da de s  a  de f i ni r  na s  s ua s  s oc i e da de s . O c omodi s mo e  a  f a l t a  de  pr e oc upa -
ç ã o da s  popul a ç õe s  dos  pa í s e s  de s e nvol vi dos  a  ní ve l  mundi a l , que  e s t i ve r a m na  or i ge m de s t a  
c r i s e  t r i di me ns i ona l  ( s oc i a l , a mbi e nt a l  e  e c onómi c a )  pa r e c e m a gor a  de s va ne c e r  c om o a pa r e c i -
me nt o de  nova s  i ni c i a t i va s  que  vi s a m muda nç a s  de  a t i t ude s  por  pa r t e  da s  popul a ç õe s . 
O s e c t or  do t ur i s mo, a t é  a os  a nos  de  1925-30, f oi  um s e c t or  c om uma  i mpor t â nc i a  ge ogr á f i c a  
e  e c onómi c a  l i mi t a da , uma  ve z que  r e pr e s e nt a va  um l uxo a pe na s  a o a l c a nc e  da  a r i s t oc r a c i a  e  
bur gue s i a . Pos t e r i or me nt e , os  pr ogr e s s os  s oc i a i s  pe r mi t i r a m o a c e s s o a  e s t e  s e c t or  por  pa r t e  da  
c l a s s e  me di a , s ur gi ndo a s s i m a  c ha ma da  de moc r a t i za ç ã o do t ur i s mo, i s t o é , o t ur i s mo de  ma s s a , 
c a r a c t e r í s t i c a  da  c i vi l i za ç ã o c ont e mpor â ne a . O t ur i s mo t or nou-s e  a s s i m num i mpor t a nt e  i ns t r u-
me nt o de  c r e s c i me nt o e c onómi c o e  s oc i a l , que  f ome nt a  a  i ns e r ç ã o s oc i a l , opor t uni da de s  de  e m-
pr e go, novos  i nve s t i me nt os  e  r e c e i t a s , pe l o que  t e m que  s e r  um s e c t or  be m ge r i do e  pl a ne a do, 
de  modo a  nã o pr omove r  i mpa c t os  ne ga t i vos  no a mbi e nt e , na  s oc i e da de  e  na  e c onomi a . T oda -
vi a , dur a nt e  dé c a da s  e s t e  s e c t or , que  a c t ua l me nt e  c ons t i t ui  uma  da s  ma i or e s  i ndús t r i a s  mun-
di a i s , s ó s e  pr e oc upou pe l os  a s pe c t os  e c onómi c os  da  s ua  a c t i vi da de  s e m t e r  e m c ont a  a s  c ons e -
quê nc i a s  ne ga t i va s  que  podi a  c a us a r  no a mbi e nt e  e  na  s oc i e da de . As s i m, f oi  s ur gi ndo a l guma  
c ons c i e nc i a l i za ç ã o pa r a  um t ur i s mo s us t e nt á ve l , que  pa r a  a l é m da  ve r t e nt e  da  c ons t r uç ã o s us -
t e nt á ve l , a br a nge  a  s e ns i bi l i za ç ã o e  e duc a ç ã o pa r a  s us t e nt a bi l i da de  de  t odos  os  s e us  i nt e r ve -
ni e nt e s , uma  ve z que  a  s us t e nt a bi l i da de  nã o é  s ome nt e  i ne r e nt e  à  c ons t r uç ã o de  um e s t a be l e c i -
me nt o ma s  s i m a  t odo o s e u c i c l o de  vi da :  c onc e pç ã o, c ons t r uç ã o, ut i l i za ç ã o, r e a bi l i t a ç ã o e  
de mol i ç ã o ou de s ma nt e l a me nt o do e di f í c i o. 
C o n trib u to  p ara o  Mó d u lo  d e Tu ris mo  d a Meto d o lo g ia S B To o l P T
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RE SUM O :  O  pr e s e nt e  t r a ba l ho  t e m c omo pr i nc i pa l  obj e c t i vo c ont r i bui r  pa r a  o de s e nvol vi me nt o 
do módul o de  t ur i s mo da  f e r r a me nt a  de  a va l i a ç ã o da  s us t e nt a bi l i da de  de  e di f í c i os  SBT ool PT . O 
pr e s e nt e  c ont r i but o pr e t e nde  da r  uma  r e s pos t a  a  muda nç a  de  pa r a di gma  no s e nt i do do de s e nvol -
vi me nt o s us t e nt á ve l  no s e c t or  do t ur i s mo, a t r a vé s  da  a pr e s e nt a ç ã o de  uma  nova  a bor da ge m pa r a  
uma  me t odol ogi a  de  a va l i a ç ã o da  s us t e nt a bi l i da de  dos  e di f í c i os  de  t ur i s mo. Es s a  nova  a bor da ge m 
a s s e nt a  na  a va l i a ç ã o do s e u de s e mpe nho de s t e  t i po de  e di f í c i os  a o ní ve l  da s  t r ê s  di me ns õe s  do 
de s e nvol vi me nt o s us t e nt á ve l . Pa r a  a l é m de  s e  f oc a r  na  f a s e  de  c ons t r uç ã o de s t e s  e di f í c i os , a  
me t odol ogi a  pr e t e nde  i gua l me nt e  a va l i a r  a  boa  ge s t ã o do e di f í c i o na  s ua  f a s e  de  ut i l i za ç ã o, uma  
ve z que  a  úl t i ma  r e pr e s e nt a  os  ma i or e s  i mpa c t e s  do c i c l o de  vi da  dos  e di f í c i os . A me t odol ogi a  
a pr e s e nt a da , e nc ont r a -s e  di r e c c i ona da  pa r a  a s  vá r i a s  t i pol ogi a s  de  e mpr e e ndi me nt os  t ur í s t i c os  
e xi s t e nt e s , que r  s e j a m novos , e xi s t e nt e s  ou r e nova dos .  
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A i mpl e me nt a ç ã o da  s us t e nt a bi l i da de  no t ur i s mo obr i ga  a o e nvol vi me nt o e  pa r t i c i pa ç ã o de  
c a da  s e gme nt o, i ns t i t ui ç ã o e  e nt i da de  que  c ons t i t ui  o c ont e xt o de s t e  s e c t or , i s t o é , é  ne c e s s á r i a  a  
pa r t i c i pa ç ã o nã o s ó dos  i nt e r ve ni e nt e s  na  c ons t r uç ã o dos  e di f í c i os  de  t ur i s mo, ma s  t a mbé m dos  
pr ópr i os  ut i l i za dor e s  ( t ur i s t a  e  f unc i oná r i os ) . T odos  s ã o r e s pons á ve i s  e  de ve m s e r  e duc a dos  e m 
r e l a ç ã o a  e s s a s  obr i ga ç õe s  e  r e s pons a bi l i da de s  no s e nt i do de  c ont r i bui r  pa r a  um t ur i s mo s oc i a l  e  
a mbi e nt a l me nt e  r e s pons á ve l . 
Ne s t e  t r a ba l ho a pr e s e nt a -s e  uma  me t odol ogi a  de  a va l i a ç ã o da  s us t e nt a bi l i da de  de  e di f í c i os  de  
t ur i s mo. A me t odol ogi a  a qui  de s e nvol vi da  t e ve  por  ba s e  a  M e t odol ogi a  de  Ava l i a ç ã o Re l a t i va  
da  Sus t e nt a bi l i da de  pa r a  Edi f í c i os  de  Ha bi t a ç ã o – M ARS-H ( M a t e us , 2009) . Es t e  novo módul o, 
di r e c c i ona do a  e di f í c i os  de  t ur i s mo, é  i nt i t ul a do de  M e t odol ogi a  de  Ava l i a ç ã o Re l a t i va  da  Sus -
t e nt a bi l i da de  de  Edi f í c i os  de  T ur i s mo ( M ARS-T ) . 
Es t a  me t odol ogi a  pe r mi t e  a  a va l i a ç ã o da  s us t e nt a bi l i da de  de  um e di f í c i o de  t ur i s mo na  f a s e  de  
pr oj e c t o e  c onc e pç ã o, a s s i m c omo na  s ua  f a s e  de  ut i l i za ç ã o. A pr e s e nt e  a bor da ge m pode  a i nda  
s e r  ut i l i za da  no a poi o a o pr oj e c t o de  um novo e di f í c i o de  t ur i s mo s us t e nt á ve l  ou de  uma  ope r a -
ç ã o de  r e a bi l i t a ç ã o e m que  s e  pr e t e nda  a ume nt a r  a  s us t e nt a bi l i da de  do e di f í c i o r e a bi l i t a do. 
Em s uma , c om a  a pr e s e nt a ç ã o da  me t odol ogi a  M ARS-T  pr e t e nde -s e , por  um l a do, pr omove r  e  
pr e mi a r  a  a dopç ã o de  s ol uç õe s  a l t e r na t i va s  à s  s ol uç õe s  c ons t r ut i va s  e  pr oc e s s os  de  c ons t r uç ã o 
c onve nc i ona i s , de  modo a  que  os  e di f í c i os  de  t ur i s mo s e  t or ne m c ompa t í ve i s  c om os  obj e c t i vos  
do De s e nvol vi me nt o Sus t e nt á ve l  e , por  out r o, pr omove r  e  pr e mi a r  a  a dopç ã o de  me di da s  s us -
t e nt á ve i s  de  ge s t ã o dur a nt e  a  f a s e  de  ut i l i za ç ã o. 
2 OBJ ECT IV OS DO T RABALHO DESENV OLV IDO 
 
Es t e  t r a ba l ho de  i nve s t i ga ç ã o t e ve  c omo obj e c t i vo o de s e nvol vi me nt o de  uma  pr opos t a  pa r a  
uma  me t odol ogi a  ge né r i c a  de s t i na da  à  a va l i a ç ã o da  s us t e nt a bi l i da de  de  e di f í c i os  de  t ur i s mo 
( e xi s t e nt e s , novos  ou r e nova dos )  nos  c ont e xt os  a mbi e nt a l , s oc i oc ul t ur a l  e  e c onómi c o de  Por t u-
ga l . 
Re s umi da me nt e , os  obj e c t i vos  e s pe c í f i c os  t r a ç a dos  i ni c i a l me nt e  pa r a  o de s e nvol vi me nt o de s t e  
t r a ba l ho f or a m ( M a c ha do, 2010) :  
i )  Es t uda r  e  pe r c e be r  os  obj e c t i vos  da  c ons t r uç ã o e  do de s e nvol vi me nt o s us t e nt á ve l  no s e c t or  
do t ur i s mo;  
i i )  Es t uda r  a s  boa s  pr á t i c a s  de  s us t e nt a bi l i da de  que  t ê m s i do a pl i c a da s  a  e di f í c i os  de  t ur i s mo;  
i i i )  Pe s qui s a r , e s t uda r  e  a na l i s a r  di ve r s a s  me t odol ogi a s  e xi s t e nt e s  no domí ni o da  a va l i a ç ã o da  
c ons t r uç ã o s us t e nt á ve l  e  pr oc e s s os  de  c e r t i f i c a ç ã o a mbi e nt a i s  ou de  s us t e nt a bi l i da de  di -
r e c c i ona dos  a o t ur i s mo, t e ndo e m a t e nç ã o a s  s ua s  s e me l ha nç a s , l i mi t a ç õe s  e  di f e r e nç a s ;  
i v)  Com ba s e  na s  c onc l us õe s  r e t i r a da s  dos  pont os  a nt e r i or e s , de s e nvol ve r  um módul o di r e c -
c i ona do a  e di f í c i os  de  t ur i s mo ba s e a do na  me t odol ogi a  de  a va l i a ç ã o da  s us t e nt a bi l i da de  
M ARS-H, a da pt a do a o c ont e xt o na c i ona l , s oc i oc ul t ur a l  e  e c onómi c o, de s t e  s e c t or ;  
v)  E f i na l me nt e , a pl i c a r  a  me t odol ogi a  de s e nvol vi da  a  um c a s o de  e s t udo, pe r mi t i ndo ve r i f i -
c a r  a  s ua  vi a bi l i da de  e  a de qua ç ã o a o c ont e xt o dos  e di f í c i os  de  t ur i s mo na c i ona i s .  
3 A CONT RIBUIÇÃO DAS M ET ODOLOGIAS DE AV ALIAÇÃO PARA A 
CONST RUÇÃO SUST ENT ÁV EL 
 
Ac t ua l me nt e , e nc ont r a m-s e  de s e nvol vi dos  e  e m f a s e  de  de s e nvol vi me nt o uma  s é r i e  de  f e r r a -
me nt a s  e  s i s t e ma s  pa r a  a  a va l i a ç ã o da  s us t e nt a bi l i da de  do e di f i c a do. No e nt a nt o, e s t a  a va l i a ç ã o 
é  mui t o c ompl e xa  e  ne nhuma  de s t a s  f e r r a me nt a s  ou de s t e s  s i s t e ma s  de s e nvol vi dos  é  a mpl a me n-
t e  a c e i t e . Es t a  s i t ua ç ã o de ve -s e  f unda me nt a l me nt e  à  s ubj e c t i vi da de  do c onc e i t o “ c ons t r uç ã o 
s us t e nt á ve l ” , que  s e  de ve  f unda me nt a l me nt e  à s  di f e r e nç a s  pol í t i c a s , t e c nol ógi c a s , c ul t ur a i s , 
s oc i a i s  e  e c onómi c a s  e xi s t e nt e s , nã o s ó, e nt r e  os  pa í s e s , ma s  t a mbé m, de nt r o de  c a da  pa í s , na s  
s ua s  di ve r s a s  r e gi õe s . A me l hor  a bor da ge m pa s s a  e nt ã o pe l a  a va l i a ç ã o da  s us t e nt a bi l i da de  a t r a -
vé s  da  c ompa r a ç ã o do de s e mpe nho do e di f í c i o e m a va l i a ç ã o c om o de s e mpe nho de  um e di f í c i o 
c or r e s ponde nt e  à  pr á t i c a  c or r e nt e  ( s ol uç ã o de  r e f e r ê nc i a )  num de t e r mi na do pa í s  ou r e gi ã o. 
A ma i or  pa r t e  da s  me t odol ogi a s  de  a va l i a ç ã o da  s us t e nt a bi l i da de  ba s e i a m-s e  na  a ná l i s e  de  
i ndi c a dor e s  que  c obr e m os  di ve r s os  t ópi c os  da  s us t e nt a bi l i da de  que  s ã o c ons i de r a dos  r e l e va n-
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t e s . Um i ndi c a dor  é  ge r a l me nt e  um va l or  de r i va do da  c ombi na ç ã o de  di ve r s os  pa r â me t r os . Um 
pa r â me t r o é  uma  pr opr i e da de  me ns ur á ve l  ou obs e r vá ve l , que  f or ne c e  i nf or ma ç ã o a c e r c a  de  um 
f e nóme no, a mbi e nt e  ou á r e a  ( M a t e us  e t  a l , 2004) . A ut i l i za ç ã o de  i ndi c a dor e s  e  de  pa r â me t r os  
da  s us t e nt a bi l i da de  é  ba s e a da  e m de f i ni ç õe s , r e gr a s , mé t odos , c l a s s i f i c a ç õe s  e  na  a t r i bui ç ã o de  
pe s os , pe l o que  o c a r á c t e r  pe s s oa l  de s t a s  a c ç õe s  a c a ba  por  i nt r oduzi r  uma  c e r t a  s ubj e c t i vi da de  
no r e s ul t a do da  a va l i a ç ã o. 
Hoj e  e m di a , pr a t i c a me nt e  t odos  os  pa i s  e ur ope us , a s s i m c omo os  Es t a dos  Uni dos , o Ca na dá , 
a  Aus t r á l i a , o J a pã o, e nt r e  out r os , pos s ue m um ou ma i s  s i s t e ma s  de  a va l i a ç ã o e  de  c l a s s i f i c a ç ã o 
do de s e mpe nho a mbi e nt a l  de  e di f í c i os . O c ont e xt o da  c r i a ç ã o de  c a da  uma  de s t a s  me t odol ogi a s  
va r i a , a s s i m c omo o â mbi t o da  s ua  a pl i c a ç ã o. 
De  modo a  t r a ç a r  um qua dr o a br a nge nt e  dos  s i s t e ma s  e xi s t e nt e s  de  a va l i a ç ã o a mbi e nt a l  de  
e di f í c i os , r e f e r e m-s e  o s i s t e ma  de  BREEAM  ( Bui l di ng Re s e a r c h Es t a bl i s hme nt  Envi r onme nt a l  
As s e s s me nt  M e t hod) , o pr e c ur s or  dos  r e s t a nt e s  s i s t e ma s , o LEED ( Le a de r s hi p i n Ene r gy & 
Envi r onme nt a l  De s i gn do USGB) , a c t ua l me nt e  o mé t odo c om ma i or  pot e nc i a l  de  c r e s c i me nt o 
de vi do a o gr a nde  i nve s t i me nt o a pl i c a do na  s ua  di f us ã o e  a pe r f e i ç oa me nt o, o NABERS ( Na t i o-
na l  Aus t r a l i a n Bui l di ngs  Envi r onme nt a l  Ra t i ng Sys t e m) , que  r e s ul t a  da  a s s i mi l a ç ã o dos  a s pe c -
t os  pos i t i vos  dos  s i s t e ma s  BREEAM  e  LEED, o BEPAC ( Bui l di ng Envi r onme nt a l  Pe r f or ma nc e  
As s e s s me nt  Cr i t e r i a ) , o CASBEE ( Compr e he ns i ve  As s e s s me nt  Sys t e m f or  Bui l di ng Envi r on-
me nt a l  Ef f i c i e nc y) , o HQE ( As s oc i a t i on pour  l a  Ha ut e  Qua l i t é  Envi r onne me nt a l e )  e  o i ns t r u-
me nt o de  a va l i a ç ã o i nt e r na c i ona l  SBT ool  ( Sus t a i na bl e  Bui l di ng T ool ) . Es t e s  s i s t e ma s  ponde -
r a m de  f or ma  di f e r e nt e  os  di ve r s os  t ópi c os  c ons i de r a dos  na  qua nt i f i c a ç ã o da  s us t e nt a bi l i da de  
gl oba l , a pr e s e nt a ndo a  Fi gur a  1 a s  di f e r e nç a s  e xi s t e nt e s  a  e s t e  ní ve l  e nt r e  o LEED, o BREEAM , 
o CASBEE e  o GBT ool . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur a  1: C o mp a r a ç ã o  e ntr e  a s d istr ib uiç õ e s d a s p o nd e r a ç õ e s d e  d ife r e nte s siste ma s d e  a va lia ç ã o  d a  sus-
te nta b ilid a d e  ( B r ito  e t a l, ,  2 0 0 8 )  
 
Ef e c t ua ndo a  a na l i s e  e nt r e  a l guns  de s t e s  mé t odos  de  a va l i a ç ã o ve r i f i c a -s e  que  e l e s  s ã o 
r e l a t i va me nt e  di f e r e nt e s , a pe s a r  de  a s s e nt a r e m numa  ba s e  c omum. Es t a s  di f e r e nç a s  de ve m-s e  
a o f a c t o de  os  ní ve i s  de  pr e s s ã o s obr e  de t e r mi na dos  a s pe c t os  a mbi e nt a i s  va r i a r e m c ons oa nt e  o 
pa í s  e m que s t ã o, t a nt o no bl oc o dos  pa í s e s  de s e nvol vi dos  ou de  pa í s e s  e m de s e nvol vi me nt o ou 
de  e c onomi a s  e m t r a ns i ç ã o. Out r o a s pe c t o s ã o a s  pr á t i c a s  c ons t r ut i va s  e  de  pr oj e c t o di f e r e nt e s  e  
i nf l ue nc i a da s , e m pa r t e , por  que s t õe s  c l i má t i c a s . De  gr a nde  i nf l uê nc i a  t a mbé m pode -s e  de s t a c a r  
t a mbé m a  r e c e pt i vi da de  dos  me r c a dos  à  i nt r oduç ã o dos  mé t odos  de  a va l i a ç ã o. 
Como j á  f oi  r e f e r i do a nt e r i or me nt e , a s s i s t i mos  hoj e  a  um c ons t a nt e  c r e s c i me nt o no s e c t or  do 
t ur i s mo, pr e ve ndo-s e  que  e s t e  s e c t or  a ume nt e  pa r a  o dobr o do s e u t a ma nho a o l ongo da  
pr óxi ma  dé c a da , pe l o que  a  pr e oc upa ç ã o pe l a  s us t e nt a bi l i da de  de s t e  s e c t or  t e m vi ndo t a mbé m a  
a ume nt a r . As s i m, ne s t e s  úl t i mos  a nos  t e m-s e  a s s i s t i do a o a pa r e c i me nt o de  um gr a nde  núme r o 
de  pr ogr a ma s  de  c e r t i f i c a ç ã o ne s t a  á r e a  que  pe r mi t e m i l us t r a r  o de s e mpe nho a mbi e nt a l  ou a  
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s us t e nt a bi l i da de  gl oba l  de s t e  t i po de  e di f í c i os . Cont udo, é  de  s a l i e nt a r  que  t oda s  a s  c e r t i f i c a ç õe s  
r e f e r e nt e s  a o t ur i s mo s e  e nc ont r a m, e m gr a nde  pa r t e , r e l a c i ona da s  c om a  f a s e  de  ut i l i za ç ã o dos  
e di f í c i os , nã o pe r mi t i ndo uma  a va l i a ç ã o que  a br a nj a  a  t ot a l i da de  do c i c l o de  vi da  do e di f í c i o.  
A c e r t i f i c a ç ã o do s e c t or  do t ur i s mo qua nt o à  s us t e nt a bi l i da de  s ur ge , nã o s ó pe l a  c r e s c e nt e  
pr e oc upa ç ã o c om a  c ons e r va ç ã o e  ge s t ã o de  r e c ur s os , ma s  t a mbé m de vi do a o a pa r e c i me nt o de  
t ur i s t a s  que  s e l e c c i ona m o s e u de s t i no de  f é r i a s  c om ba s e  e m c r i t é r i os  a mbi e nt a i s  e  s oc i a i s . 
De s t e  modo, a s  e xi gê nc i a s  dos  me r c a dos  e  dos  c ons umi dor e s  e nge ndr a  a  ne c e s s i da de  de  ge r i r  e  
de s e nvol ve r  mé t odos  de  a pr e c i a ç ã o da  qua l i da de , a mbi e nt e  e  s e gur a nç a , numa  pe r s pe c t i va  de  
s us t e nt a bi l i da de  do pr odut o t ur í s t i c o. O obj e c t i vo da  c e r t i f i c a ç ã o a mbi e nt a l  de  de s t i nos  t ur í s t i -
c os  pa s s a  por  a de qua r  a mbi e nt a l me nt e  a  a c t i vi da de  t ur í s t i c a , de  uma  f or ma  e c onomi c a me nt e  
vi á ve l  e  s oc i a l me nt e  j us t a . A c e r t i f i c a ç ã o c onf e r e  l onge vi da de  a o de s t i no t ur í s t i c o, ga r a nt i ndo 
que  a  s ua  pr e s e r va ç ã o e  a  qua l i da de  dos  s e us  a t r a c t i vos  s e j a m ma nt i da s , pr omove ndo a  s us t e n-
t a bi l i da de  da  a c t i vi da de  a t r a vé s  de  um a ume nt o da  c ompe t i t i vi da de  de  de s t i nos  t ur í s t i c os  
a mbi e nt a l me nt e  a de qua dos . A c e r t i f i c a ç ã o r e ve l a -s e  a s s i m num i mpor t a nt e  i ns t r ume nt o de  pol í -
t i c a  a mbi e nt a l , a uxi l i a ndo o c ons umi dor  na  e s c ol ha  de  pr odut os  e  s e r vi ç os  me nos  noc i vos  a o 
me i o a mbi e nt e , e  s e r vi ndo de  i ns t r ume nt o de  ma r ke t i ng pa r a  a s  e mpr e s a s  que  di f e r e nc i a m os  
s e us  pr odut os  no me r c a do ( Lope s , 2008) . 
Uma  a ná l i s e  e f e c t ua da  à s  f e r r a me nt a s  a qui  r e f e r e nc i a da s , s e j a m e l a s  di r e c c i ona da s  à  c ons t r u-
ç ã o do e di f í c i o ou à  s ua  f a s e  de  ut i l i za ç ã o, de mons t r a  f a c i l me nt e  o c a r á c t e r  s ubj e c t i vo na  de f i -
ni ç ã o da  s us t e nt a bi l i da de , que  va r i a  mui t o c ons oa nt e  o pa í s  de  or i ge m ou a t é  me s mo a  r e gi ã o ou 
l oc a l  onde  pos s a  s e r  a pl i c a da . Out r o a s pe c t o mui t o i mpor t a nt e  de  r e f e r i r , é  o f a c t o da  ma i or i a  
de s t a s  me t odol ogi a s  s e r e m mui t o “ f e c ha da s ” , nã o e xi s t i ndo ne nhuma  di vul ga ç ã o públ i c a  dos  
s e us  mé t odos  de  a va l i a ç ã o, pe l o que  nã o é  pos s í ve l  c ompr ova r  o s e u r i gor . M ui t a s  de l a s  t a m-
bé m t ê m por  ba s e  uma  a va l i a ç ã o ma i s  qua l i t a t i va , nã o e xi s t i ndo um pr oc e s s o de  c á l c ul o de f i ni -
do, o que  a s  t or na  mui t o s ubj e c t i va s . O de s e nvol vi me nt o da  M ARS-T  t e ve  c omo pr i nc i pa l  
obj e c t i vo ul t r a pa s s a r  e s t a s  ba r r e i r a s , a o t e nt a r  c r i a r  uma  me t odol ogi a  ba s e a da  num pr oc e s s o de  
c á l c ul o be m de f i ni do, que  pe r mi t e  uma  a ná l i s e  ma i s  qua nt i t a t i va  e  c ons e que nt e me nt e  ma i s  
obj e c t i va  da  s us t e nt a bi l i da de  de  um e di f í c i o de  t ur i s mo.  
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Na  e l a bor a ç ã o da  M e t odol ogi a  de  Ava l i a ç ã o Re l a t i va  da  Sus t e nt a bi l i da de  de  Edi f í c i os  de  T ur i s -
mo ( M ARS-T )  pr oc ur ou-s e  e f e c t ua r  a  c onj uga ç ã o da  a va l i a ç ã o de  pa r â me t r os  ma i s  i ne r e nt e s  à  
c ons t r uç ã o do e di f í c i o de  t ur i s mo c om a  a va l i a ç ã o de  pa r â me t r os  di r e c c i ona dos  e s pe c i f i c a me n-
t e  à  f a s e  de  ut i l i za ç ã o de s t e  t i po de  e di f í c i os . Es t a  a s s oc i a ç ã o pe r mi t e  a s s i m pr omove r  e  pr e mi a r  
a s pe c t os  r e l a t i vos  à  f a s e  de  c ons t r uç ã o, que  i nf l ue nc i a m t a mbé m o bom de s e mpe nho do e di f í c i o 
na  s ua  f a s e  de  ut i l i za ç ã o, ma s  t a mbé m pr omove r  e  pr e mi a r  uma  ge s t ã o s us t e nt á ve l  do e s t a be l e -
c i me nt o na  s ua  f a s e  de  ut i l i za ç ã o.  
A me t odol ogi a  M ARS-T  f oi  de s e nvol vi da  c om o s e nt i do de  pe r mi t i r  uma  a va l i a ç ã o do c om-
por t a me nt o de  um e di f í c i o dur a nt e  a  f a s e  de  c onc e pç ã o, i s t o é , t e ndo por  ba s e  o c ompor t a me nt o 
pr e vi s t o pa r a  a  t ot a l i da de  do c i c l o de  vi da  do e di f í c i o, s e ndo a c ons e l há ve l  que  a  a va l i a ç ã o s e j a  
r e a l i za da  na s  f a s e s  ma i s  pr e l i mi na r e s  de  um pr oj e c t o de  c ons t r uç ã o ou de  r e a bi l i t a ç ã o. De s t e  
modo, c ons e gue -s e , de s de  o i ní c i o da  c onc e pç ã o, e s t i ma r  a  s us t e nt a bi l i da de  do e di f í c i o e  i nt r o-
duzi r  me di da s  que  pe r mi t a m me l hor a r  o s e u de s e mpe nho. Ape s a r  da  me t odol ogi a  M ARS-T  
e s t a r  or i e nt a da  pa r a  a  f a s e  de  pr oj e c t o, de poi s  da  c ons t r uç ã o pode -s e  r e a l i za r  uma  a va l i a ç ã o do 
e di f í c i o que  t e nha  por  ba s e  a  moni t or i za ç ã o do s e u c ompor t a me nt o r e a l .  
Os  r e s ul t a dos  obt i dos  na  a va l i a ç ã o de  um e di f í c i o dur a nt e  a s  f a s e s  ma i s  pr e l i mi na r e s  de  pr o-
j e c t o s ã o da dos  i mpor t a nt e s  no s upor t e  da s  t oma da s  de  de c i s ã o, poi s  de s t a  f or ma  a s  e qui pa s  de  
pr oj e c t o t e m a c e s s o, de s de  o i ní c i o, a o de s e mpe nho e s pe r a do pa r a  o e di f í c i o a  c ons t r ui r , pode n-
do de s s a  f or ma  a va l i a r  o i mpa c t o de  c e r t a s  s ol uç õe s  a l t e r na t i va s . De  ma ne i r a  a  f a c i l i t a r  e s t e  
pr oc e s s o f oi  de s e nvol vi do um Gui a  da  Ava l i a ç ã o que  pe r mi t e  j us t i f i c a r  a  i mpor t â nc i a  de  c a da  
i ndi c a dor  e  r e s pe c t i vo( s )  pa r â me t r o( s )  e  s i mul t a ne a me nt e  f a c i l i t a r  a  i nt e r pr e t a ç ã o dos  r e s ul t a -
dos  obt i dos . Adi c i ona l me nt e , a  a pr e s e nt a ç ã o dos  di ve r s os  c r i t é r i os  ne c e s s á r i os  à  a va l i a ç ã o dos  
di f e r e nt e s  pa r â me t r os  t or na  os  r e s ul t a dos  ma i s  obj e c t i vos , di mi nui  os  e r r os  a s s oc i a dos  à  a va l i a -
ç ã o e  a t e nua  a  va r i a bi l i da de  de  r e s ul t a dos , qua ndo um me s mo e di f í c i o é  a va l i a do por  di f e r e nt e s  
a va l i a dor e s  ( Lope s , 2008) . 
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4.1 Indicadores, parâmetros e categorias  
A me t odol ogi a  M ARS-T  é  c ons t i t uí da  por  uma  s é r i e  de  28 i ndi c a dor e s  e  r e s pe c t i vos  pa r â me -
t r os , a gr e ga dos  e m 9 c a t e gor i a s , que  pe r mi t e m a va l i a r  o de s e mpe nho de  um e di f í c i o a o ní ve l  
da s  t r ê s  di me ns õe s  do de s e nvol vi me nt o s us t e nt á ve l . A T a be l a  1 a pr e s e nt a  os  i ndi c a dor e s  e  
c a t e gor i a s  de  s us t e nt a bi l i da de  da  me t odol ogi a  M ARS-T . 
A pr i nc i pa l  f unç ã o dos  i ndi c a dor e s  é  a  c a r a c t e r i za ç ã o e  qua nt i f i c a ç ã o de  c r i t é r i os  que  pe r mi t e m 
s e l e c c i ona r  a  me l hor  s ol uç ã o pa r a  um pr oj e c t o de  c ons t r uç ã o. Uma  c a t e gor i a  r e s ul t a  da  c ombi -
na ç ã o de  vá r i os  i ndi c a dor e s  ( Br a ga nç a  e  t a l , 2008)  
 
T a b e la  1: Ca te go r ia s e  P a r â me tr o s d a  M e to d o lo gia  M ARS-T  
Di men sões d a  Su st en t a b i li d a d e   
Amb i en t a l  Soc i a l E c on ómi c a   
C1 - Alterações climáticas e qualidades do ar exterior: 
P1  - Va lor a grega d o d os i mp a c t es a mb i en t a i s d os 
ma t eri a i s d e c on st ru ç ã o p or m 2  d e á rea  ú t i l d e p a vi men t o 
p or a n o.  
C2 - Biodiversidade e uso do solo: 
P2  - Perc en t a gem u t i li za d a  d o í n d i c e d e u t i li za ç ã o 
lí q u i d o d i sp on í vel;  
P3  - Ín d i c e d e i mp ermea b i li za ç ã o;  
P4  - Perc en t a gem d a  á rea  d e i n t erven ç ã o p revi a men t e 
c on t a mi n a d a  ou  ed i fi c a d a ;  
P5  - Perc en t a gem d e á rea s verd es oc u p a d a s p or p la n t a s 
a u t óc t on es;  
P6  - Perc en t a gem d e á rea  em p la n t a  c om reflec t â n c i a  
i gu a l ou  su p eri or a  6 0 % .  
C3 - Energia: 
P7  - C on su mo d e en ergi a  p ri má ri a  n ã o ren ová vel n a  
fa se d e u t i li za ç ã o;  
P8  - M ed i d a s d i sp on í vei s q u e vi sa m a  red u ç ã o d os 
c on su mos d e en ergi a  p ri má ri a  n ã o ren ová vel;  
P9  - Qu a n t i d a d e d e en ergi a  q u e é p rod u zi d a  n o ed i fí c i o 
a t ra vés d e fon t es ren ová vei s.  
C4 - Materiais e Resíduos Sólidos: 
P1 0  - Perc en t a gem em c u st o d e ma t eri a i s reu t i li za d os;  
P1 1  - Perc en t a gem em p eso d e c on t eú d o rec i c la d o d o 
ed i fí c i o;  
P1 2  - Perc en t a gem em c u st o d e p rod u t os d e b a se orgâ -
n i c a  q u e sã o c ert i fi c a d os;  
P1 3  - Perc en t a gem em ma ssa  d e ma t eri a i s su b st i t u t os 
d o c i men t o n o b et ã o;  
P1 4  - Pot en c i a l d o ed i fí c i o p a ra  a  p romoç ã o d a  sep a ra -
ç ã o d e resí d u os sóli d os*;  
P1 5  - Pot en c i a l d e gest ã o d os resí d u os sóli d os.  
C5 - Água: 
P1 6  - Volu me a n u a l d e á gu a  c on su mi d a  n os sa n i t á ri os 
p or h ósp ed es;  
P1 7  Perc en t a gem d e red u ç ã o d o c on su mo d e á gu a  
p ot á vel.    
C6 - Conforto e Saúde dos 
utilizadores: 
P1 8  - Pot en c i a l d e ven t i la ç ã o 
d os esp a ç os i n t eri ores;  
P1 9  - Perc en t a gem em p eso 
d e ma t eri a i s d e a c a b a men t o 
c om b a i xo c on t eú d o d e C OV;  
P2 0  - Perc en t a gem em p eso 
d a  u t i li za ç ã o d e p rod u t os c om 
rót u lo ec ológi c o*;  
P2 1  - Ní vel méd i o d a  q u a li -
d a d e d o a r i n t eri or*;  
P2 2  - Ní vel d e c on fort o t ér-
mi c o a n u a l méd i o a n u a l;  
P2 3  - M éd i a  d o Fa c t or d e 
Lu z d e Di a  M éd i o;  
P2 4  - Ní vel méd i o d o i sola -
men t o a c ú st i c o.  
C7 - Acessibilidade: 
P2 5  - Ín d i c e d e a c essi b i li d a -
d e a  t ra n sp ort es p ú b li c os;  
P2 6  - Ín d i c e d e a men i d a d es 
i n t eri ores*;  
C8 - Formação dos funcioná-
rios e sensibilização dos hós-
pedes: 
P2 7  - M ed i d a s i mp lemen t a -
d a s c om vi st a  a  u ma  gest ã o 
su st en t á vel d o ed i fí c i o d e 
t u ri smo*.  
 
 
C9 - Custos: 
P2 8  - Va lor a c t u a l d os c u s-
t os d e u t i li za ç ã o p or m2  d e á rea  
ú t i l.  
* Pa râ met ros q u e só p od em ser a va li a d os d u ra n t e a  fa se d e u t i li za ç ã o  
4.2 Processo de avaliação   
Na  s ua  gl oba l i da de , o pr oc e s s o de  a va l i a ç ã o da  s us t e nt a bi l i da de  de  um e di f í c i o pe l a  M ARS-T , 
e ngl oba  t r ê s  f a s e s  di s t i nt a s :  
i )  Qua nt i f i c a ç ã o do de s e mpe nho a o ní ve l  de  c a da  i ndi c a dor ;  
i i )  Qua nt i f i c a ç ã o do de s e mpe nho a o ní ve l  da s  c a t e gor i a s , di me ns õe s  do de s e nvol vi me nt o 
s us t e nt á ve l  ( Ambi e nt a l , Soc i a l  e  Ec onómi c a )  e  qua nt i f i c a ç ã o do Ní ve l  de  Sus t e nt a bi l i da -
de  ( NS) , i s t o é , a  a gr e ga ç ã o dos  r e s ul t a dos ;  
i i i )  Pr e e nc hi me nt o do Ce r t i f i c a do de  Sus t e nt a bi l i da de . 
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Dos  28 pa r â me t r os  a pr e s e nt a dos  na  T a be l a  1, 23 a pl i c a m-s e  à  f a s e  de  c onc e pç ã o de  um novo 
e di f í c i o de  t ur i s mo ou à  f a s e  de  c onc e pç ã o de  uma  ope r a ç ã o de  r e a bi l i t a ç ã o e / ou a mpl i a ç ã o de  
um e di f í c i o de  t ur i s mo e xi s t e nt e , e  os  r e s t a nt e s  5 à  f a s e  de  ut i l i za ç ã o de  um e di f í c i o de  t ur i s mo. 
 
4.2.1 Quantificação do desempenho ao nível de cada indicador 
 
Os  mé t odos  a  ut i l i za r  na  qua nt i f i c a ç ã o de  c a da  um dos  28 pa r â me t r os  da  me t odol ogi a  M ARS-T  
e nc ont r a m-s e  a pr e s e nt a dos  no “ Gui a  de  Ava l i a ç ã o da  M ARS-T ”  e  i nc l ue m:  r e s ul t a dos  de  e s t u-
dos  a nt e r i or e s , opi ni ã o de  e s pe c i a l i s t a s , pr oc e s s a me nt o de  ba s e s  de  da dos  e  f e r r a me nt a s  de  
s i mul a ç ã o. A a va l i a ç ã o do de s e mpe nho do e di f í c i o e m a va l i a ç ã o f a z-s e  a t r a vé s  da  c ompa r a ç ã o 
do de s e mpe nho do e di f í c i o ( a o ní ve l  de  c a da  pa r â me t r o) , c om os  va l or e s  c or r e s ponde nt e s  a os  
e di f í c i os  de  r e f e r ê nc i a  ( benchmarks ) . Pa r a  e f e c t ua r  e s t a  c ompa r a ç ã o é  ne c e s s á r i o r e c or r e r  à  
nor ma l i za ç ã o dos  pa r â me t r os . A nor ma l i za ç ã o vi s a  f i xa r  um va l or  a di me ns i ona l  que  e xpr i me  o 
de s e mpe nho do e di f í c i o e m a va l i a ç ã o r e l a t i va me nt e  a os  de s e mpe nhos  de  r e f e r ê nc i a .  
Ao l ongo de  t oda  a  me t odol ogi a , a  nor ma l i za ç ã o dos  pa r â me t r os  é  r e a l i za da  a t r a vé s  da  e qua -
ç ã o Di a z-Ba l t e i r o ( Equa ç ã o 1) . Es t a  e qua ç ã o é  vá l i da  s i mul t a ne a me nt e  pa r a  os  pa r â me t r os  do 
t i po “ qua nt o ma i or  é  me l hor ”  e  “ qua nt o ma i or  é  pi or ” , e  c or r i ge  os  e f e i t os  de  e s c a l a  na  a gr e ga -
ç ã o de  i ndi c a dor e s .  
 
i
iPiP
iPiP
iP ∀
−
−
=
*
*
*   ( 1)   
Ne s t a  e qua ç ã o, Pi r e pr e s e nt a  o va l or  r e s ul t a nt e s  da  qua nt i f i c a ç ã o, P*i  o benchmark  pa r a  a  pr á t i -
c a  c onve nc i ona l  e  P*i  o benchmark  pa r a  me l hor  pr á t i c a . Qua ndo um pa r â me t r o nor ma l i za do 
a s s ume  o va l or  de  0, s i gni f i c a  que  c or r e s ponde  a o ní ve l  de  pr á t i c a  c onve nc i ona l  e  qua ndo é  
i gua l  a  1 s i gni f i c a  que  c or r e s ponde  a o ní ve l  de  me l hor  pr á t i c a . O va l or  do de s e mpe nho de  um 
pa r â me t r o pode  t oma r  um va l or  s upe r i or  a o da  me l hor  pr á t i c a  ou i nf e r i or  à  pr á t i c a  c onve nc i o-
na l . No e nt a nt o, de  f or ma  a  s e  e vi t a r e m di s t or ç õe s  na  pos t e r i or  a gr e ga ç ã o de s t e s  pa r â me t r os , os  
va l or e s  nor ma l i za dos  nunc a  pode m s e r  i nf e r i or e s  a  -0,2 e  s upe r i or e s  a  1,2. 
Ne s t a  me t odol ogi a , os  benchmarks  pa r a  a s  pr á t i c a s  c onve nc i ona i s  c or r e s ponde m a os  va l or e s  
mí ni mos  a c e i t á ve i s , a ba i xo dos  qua i s  nã o s e  pode  c ons i de r a r  um e di f í c i o s us t e nt á ve l , e  e nc on-
t r a -s e  ba s e a do nos  ní ve i s  mí ni mo pr e s c r i t os  nos  r e gul a me nt os  e  nor ma s  de  c ons t r uç ã o ou pr á t i -
c a  c or r e nt e  da  c ons t r uç ã o de  e di f í c i os  de  t ur i s mo e m Por t uga l . Por  s ua  ve z, os  be nc h a r ks  pa r a  
a s  me l hor e s  pr á t i c a s  c or r e s ponde m a os  va l or e s  de  t r a ba l ho pr oduzi do por  pr oj e c t i s t a s  e / ou 
pr omot or e s  e / ou e s t a be l e c i me nt os  e m f unc i ona me nt o que  j á  a pr e s e nt a m a l guma  r e put a ç ã o no 
domí ni o da  c ons t r uç ã o e  ge s t ã o s us t e nt á ve l  ou a o ní ve l  de  pol i t i c a s  e  nor ma s  e xi s t e nt e s . Dur a n-
t e  a  de t e r mi na ç ã o dos  benchmarks  houve  s e mpr e  a  pr e oc upa ç ã o do us o de  r e f e r ê nc i a s  de  Por t u-
ga l , c ont udo, na  a us ê nc i a  de s t a s  r e f e r ê nc i a s  ut i l i za r a m-s e  por  ve ze s , da dos  de  out r os  pa í s e s . 
Pa r a  que  os  r e s ul t a dos  da  nor ma l i za ç ã o s e j a m a pr e s e nt a dos  numa  e s c a l a  ma i s  pe r c e pt í ve l , o 
s e u va l or  é  c onve r t i do numa  e s c a l a  qua l i t a t i va . A c onve r s ã o é  r e a l i za da   
A c l a s s i f i c a ç ã o a o l ongo dos  28 pa r â me t r os  da  me t odol ogi a , a t r a vé s  de s t e s  va l or e s  a di me n-
s i ona i s , e nc ont r a -s e  r e pr e s e nt a da  na  T a be l a  2 e  e nc ont r a -s e  a s s oc i a da  a  uma  e s c a l a  qua l i t a t i va  
de  modo a  f a c i l i t a r  a  c ompr e e ns ã o dos  r e s ul t a dos  obt i dos . 
 
T a b e la  2 .  E q uiva lê nc ia s utiliz a d a s na  c o nve r sã o  d o  va lo r  no r ma liz a d o  d e  c a d a  p a r â me tr o  numa  e sc a la  d e  
a va lia ç ã o  q ua lita tiva  
E sc a la  q ua lita tiva  V a lo r  no r ma liz a d o  
 A +             1,00P >  
A 1,000,70 P ≤<  
B  0,700,40 P ≤<  
C 0,400,10 P ≤<  
D  ,1000,00 P ≤≤  
E             0,00P <  
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4.2.2 Quantificação do desempenho ao nível de categorias, dimensões e quantificação do 
Nível de Sustentabilidade - NS 
 
De  modo a  s e  pode r  e f e c t ua r  a  c ompa r a ç ã o de  di f e r e nt e s  s ol uç õe s  de  pr oj e c t o e / ou ut i l i za ç ã o a  
ní ve l  de  c a da  c a t e gor i a  e m a va l i a ç ã o e  nã o a pe na s  e m t e r mos  gl oba i s , o ní ve l  de  de s e mpe nho 
gl oba l  NS ( Ní ve l  de  Sus t e nt a bi l i da de ) , de ve  e s t a r  a c ompa nha do pe l o c ompor t a me nt o a o ní ve l  
da s  di me ns õe s  do de s e nvol vi me nt o s us t e nt á ve l  e  a o ní ve l  de  c a da  c a t e gor i a . A c omuni c a ç ã o 
dos  r e s ul t a dos  a t r a vé s  de  um úni c o va l or  é  i na de qua da  de vi do à  pos s í ve l  c ompe ns a ç ã o e nt r e  
i ndi c a dor e s  na  a gr e ga ç ã o. 
A a gr e ga ç ã o dos  r e s ul t a dos , obt i dos  a o ní ve l  de  c a da  um dos  pa r â me t r os  a va l i a dos , na s  c a t e -
gor i a s  e  da s  di me ns õe s  da  s us t e nt a bi l i da de  é  e f e c t ua da  a t r a vé s  da  Equa ç ã o 2. 
i
n
i
ij PwI .
1
∑
=
=   ( 2)  
Ne s t a  e qua ç ã o, Ij r e pr e s e nt a  o va l or  do ma c r o i ndi c a dor  j  e  r e s ul t a  da  ponde r a ç ã o de  c a da  i ndi -
c a dor , c a t e gor i a  ou di me ns ã o;  Pi o va l or  nor ma l i za do de  c a da  i ndi c a dor , c a t e gor i a  ou di me ns ã o 
e  wi o pe s o r e s pe c t i vo a  c a da  i ndi c a dor , c a t e gor i a  ou di me ns ã o. A s oma  dos  pe s os  ut i l i za dos  na  
obt e nç ã o de  c a da  um dos  t r ê s  ní ve i s  de  ma c r o i ndi c a dor e s  é  s e mpr e  i gua l  1. 
At r a vé s  da  a ná l i s e  da  Equa ç ã o 2 é  pos s í ve l  ve r i f i c a r  que  o pe s o que  s e  a t r i bui  a  c a da  pa r â me -
t r o c ondi c i ona  s i gni f i c a t i va me nt e  os  r e s ul t a dos  obt i dos . Nã o e xi s t e m dúvi da s  que  a l guns  pa r â -
me t r os  s ã o ma i s  i mpor t a nt e s  pa r a  a  s us t e nt a bi l i da de . Cont udo, nã o e xi s t e  a c t ua l me nt e  ne nhum 
c ons e ns o qua nt o à  de f i ni ç ã o do pe s o r e l a t i vo de  c a da  um, uma  ve z que  um s i s t e ma  de  pe s os  
de pe nde  e m gr a nde  pa r t e  do c ont e xt o e  da s  pr i or i da de s  l oc a i s , ma s  t a mbé m da s  di f e r e nt e s  opi -
ni õe s  dos  di ve r s os  i nt e r ve ni e nt e s  no c i c l o de  vi da  dos  e di f í c i os  ( va l or i za ç ã o s ubj e c t i va ) . A a ná -
l i s e  de  vá r i os  s i s t e ma s  de  pe s os , r e l a t i vos  a  di f e r e nt e s  f e r r a me nt a s  de  a va l i a ç ã o da  s us t e nt a bi l i -
da de  de  e di f í c i os , pe r mi t e  c ons t a t a r  a  i ne xi s t ê nc i a  de  c ons e ns o qua nt o à  me t odol ogi a  a  a dopt a r  
na  s ua  de f i ni ç ã o.  
O módul o de  a va l i a ç ã o de  e di f í c i os  de  t ur i s mo ba s e i a -s e  no me s mo s i s t e ma  de  pe s os  de s e n-
vol vi do pa r a  o módul o dos  e di f í c i os  de  ha bi t a ç ã o . Es t e  s i s t e ma  de  pe s os  r e s ul t a  do t r a ba l ho de  
i nve s t i ga ç ã o de s e nvol vi do nos  úl t i mos  a nos  pe l o La bor a t ór i o de  Fí s i c a  e  T e c nol ogi a s  da s  Cons -
t r uç õe s  da  Uni ve r s i da de  do M i nho ( LFT C-UM ) . No de s e nvol vi me nt o de s t e  s i s t e ma  de  pe s os  
t e ve -s e  e m c ons i de r a ç ã o, e nt r e  out r os  ( M a t e us , 2009) :  
i )  O s i s t e ma  de  pe s os  de  out r a s  me t odol ogi a s :  f or a m a na l i s a da s  a s  pr i nc i pa i s  me t odol ogi a s  
de  a va l i a ç ã o da  s us t e nt a bi l i da de  de  e di f í c i os  de  modo a  i de nt i f i c a r  os  i ndi c a dor e s  que  s ã o 
nor ma l me nt e  c ons i de r a dos  ma i s  i mpor t a nt e s ;  
i i )  O a c t ua l  e s t a do de  c onhe c i me nt o no que  r e s pe i t a  à  i mpor t â nc i a  de  c a da  c a t e gor i a  de  
i mpa c t e  a mbi e nt a l  na  qua nt i f i c a ç ã o do de s e mpe nho a mbi e nt a l :  f or a m a na l i s a da s  vá r i a s  
me t odol ogi a s  de  a va l i a ç ã o do de s e mpe nho a mbi e nt a l  de  c i c l o de  vi da  ( LCA)  e  a  opi ni ã o 
de  vá r i os  e s pe c i a l i s t a s  na  ma t é r i a ;  
i i i )  A opi ni ã o de  di ve r s os  i nt e r ve ni e nt e s  no c i c l o de  vi da  dos  e di f í c i os :  o s i s t e ma  de  pe s os  
de s e nvol vi do, pa r a  a l é m de  c ons i de r a r  a  opi ni ã o de  e s pe c i a l i s t a s  do me i o da  i nve s t i ga -
ç ã o, c ons i de r a  a  opi ni ã o de  um gr upo de  i nt e r ve ni e nt e s  c ons t i t uí do por  pr oj e c t i s t a s , c on-
s ul t or e s  de  s us t e nt a bi l i da de , uma  e mpr e s a  de  c ons t r uç ã o e  um c onj unt o de  ut i l i za dor e s  de  
e di f í c i os .  
A c omuni c a ç ã o do r e s ul t a do da  s us t e nt a bi l i da de  do e di f í c i o e m a va l i a ç ã o é  e f e c t ua da  a t r a vé s  da  
e mi s s ã o de  um r ót ul o de  s us t e nt a bi l i da de . Es t e  r ót ul o pe r mi t e  a  c omuni c a ç ã o da  s us t e nt a bi l i da -
de  a t r a vé s  de  uma  e s c a l a  gr a dua da  que  pos s i bi l i t a  a  i nt e r pr e t a ç ã o e  c ompr e e ns ã o dos  r e s ul t a dos  
a  ní ve l  do de s e mpe nho gl oba l  do e di f í c i o, a s s i m c omo a  ní ve l  da s  t r ê s  di me ns õe s  da  s us t e nt a bi -
l i da de  e  da s  nove  c a t e gor i a s  que  c ons t i t ue m e s t a  f e r r a me nt a  de  a va l i a ç ã o. Es t a  e s c ol ha  e s t á  
r e l a c i ona da  c om o f a c t o da  c omuni c a ç ã o da  s us t e nt a bi l i da de  us a ndo a pe na s  um í ndi c e / va l or  s e r  
mui t a s  ve ze s  i ns uf i c i e nt e . Es t a  s i t ua ç ã o de ve -s e , nã o s ó, à  pos s í ve l  c ompe ns a ç ã o e nt r e  i ndi c a -
dor e s  nos  pr oc e s s os  de  a gr e ga ç ã o, c omo t a mbé m de vi do a o f a c t o de  c e r t os  de c i s or e s  pr e t e nde -
r e m me di r , i nt e r pr e t a r  e  c ompa r a r  o de s e mpe nho do e di f í c i o a o ní ve l  de  uma  de t e r mi na da  c a t e -
gor i a  de  s us t e nt a bi l i da de  ( Br a ga nç a  e t  a l , 2008) . 
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Ne s t a  me t odol ogi a , a  c a t e gor i za ç ã o dos  ní ve i s  de  de s e mpe nho é  r e a l i za da  a t r a vé s  de  uma  
e s c a l a  c ons t i t uí da  por  6 ní ve i s , que  vã o de  E ( me nos  s us t e nt á ve l )  a  A+  ( ma i s  s us t e nt á ve l )  e  
onde  D c or r e s ponde  à  pr á t i c a  c onve nc i ona l  e  A à  me l hor  pr á t i c a . A Fi gur a  2 a pr e s e nt a  r e s umi -
da me nt e  a  e s t r ut ur a  e  a s  e t a pa s  do pr oc e s s o de  a va l i a ç ã o da  me t odol ogi a  M ARS-T . 
 
Figur a  2 .  P r o c e sso  d e  a va lia ç ã o  d a  me to d o lo gia  M ARS-T  
5 CONCLUSÕES 
 
O de s e nvol vi me nt o da  M ARS-T  t e ve  c omo pr i nc i pa l  obj e c t i vo ul t r a pa s s a r  a s  ba r r e i r a s  de  c a r á c -
t e r  s ubj e c t i vo e xi s t e nt e s  a c t ua l me nt e  no a poi a  a  c onc e pç ã o e  a va l i a ç ã o da  s us t e nt a bi l i da de  de  
e di f í c i os  de  t ur i s mos . Pa r a  o e f e i t o, a  me t odol ogi a  a pr e s e nt a da  e nc ont r a -s e  ba s e a da  num pr o-
c e s s o de  c á l c ul o be m de f i ni do, que  pe r mi t e  uma  a ná l i s e  ma i s  qua nt i t a t i va  e  c ons e que nt e me nt e  
ma i s  obj e c t i va  da  s us t e nt a bi l i da de  de  um e di f í c i o de  t ur i s mo. Adi c i ona l me nt e  o pr oc e s s o de  
a va l i a ç ã o e nc ont r a -s e  ba s e a do num Gui a  de  Ava l i a ç ã o. A s ua  e s t r ut ur a  t r a ns pa r e nt e  e  obj e c t i va  
pe r mi t e  que  s e  c he gue  r a pi da me nt e  a  c onc l us õe s  de  modo a  s a be r  onde  s e  de ve  ou pode  a c t ua r  
no s e nt i do de  s e  me l hor a r  o de s e mpe nho obt i do na  a va l i a ç ã o de  um e di f í c i o de  t ur i s mo. Es t e  
t i po de  f e r r a me nt a s  pe r mi t e  a  s i s t e ma t i za ç ã o e  uma  a bor da ge m hol í s t i c a  a  um c onc e i t o mul t i -
di s c i pl i na r  e  c ompl e xo c omo o da  c ons t r uç ã o s us t e nt á ve l , pe l o que  a  s ua  a pl i c a ç ã o na  f a s e  de  
pr oj e c t o de  um e di f í c i o novo ou ope r a ç ã o de  r e a bi l i t a ç ã o é  e s s e nc i a l  pa r a  pr os s e c uç ã o dos  
obj e c t i vos  do de s e nvol vi me nt o s us t e nt á ve l  nos  e di f í c i os  de  t ur i s mo. Com a s  s ol uç õe s  a pr e s e n-
t a da s , a  me t odol ogi a  de  a va l i a ç ã o da  s us t e nt a bi l i da de  de s e nvol vi da  e  os  r e s ul t a dos  obt i dos  pr e -
t e nde -s e  c ont r i bui r  pa r a  a  pr omoç ã o do s ur gi me nt o de  e di f í c i os  de  t ur i s mo ma i s  s us t e nt á ve i s , 
nã o pode ndo de i xa r  de  r e l e mbr a r  que  o de s e nvol vi me nt o s us t e nt á ve l  a t e nde  à s  ne c e s s i da de s  
pr e s e nt e s , ma s  s obr e t udo, s a l va gua r da  a  s a t i s f a ç ã o da s  ne c e s s i da de s  da s  ge r a ç õe s  f ut ur a s .  
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1  INT RODUCT ION 
1 . 1  The developments in the sustainability building approach 
Du e t o  t h e i n creasi n g  awaren ess ab o u t  t h e co n seq u en ce o f t h e co n t emp o rary  mo d el  o f d ev el o p -
men t  i n  t h e cl i mat e ch an g e an d  t o  t h e g ro wi n g  i n t ern at i o n al  mo v emen t  t o ward  h i g h -
p erfo rman ce/ su st ai n ab l e b u i l d i n g s,  mo re an d  mo re t h e cu rren t  p arad i g m o f b u i l d i n g  i s ch an g i n g .  
T h i s i s ch an g i n g  b o t h  t h e n at u re o f t h e b u i l t  en v i ro n men t  as wel l  t h e act u al  way  o f d esi g n i n g  
an d  co n st ru ct i n g  a faci l i t y .  T h i s n ew ap p ro ach  i s d i fferen t  fro m t h e act u al  p ract i ce b y  t h e sel ec-
t i o n  o f p ro j ect  t eams memb ers b ased  o n  t h ei r eco -effi ci en t  an d  su st ai n ab l e b u i l d i n g  ex p ert i se;  
i n creased  co l l ab o rat i o n  amo n g  t h e p ro j ect  t eam memb ers an d  o t h er st ak eh o l d ers;  mo re fo cu s o n  
g l o b al  b u i l d i n g  p erfo rman ce t h at  o n  b u i l d i n g  sy st ems;  t h e h eav y  emp h asi s p l aced  o n  en v i ro n -
men t al  p ro t ect i o n  d u ri n g  t h e wh o l e l i fe-cy cl e o f a b u i l d i n g ;  carefu l  co n si d erat i o n  o f wo rk er 
h eal t h  an d  o ccu p an t  h eal t h  an d  co mfo rt  t h ro u g h  al l  p h ases;  scru t i n y  o f al l  d eci si o n  fo r t h ei r re-
so u rce an d  l i fe-cy cl e i mp l i cat i o n s;  t h e ad d ed  req u i remen t  o f b u i l d i n g  co mmi ssi o n i n g ;  an d  t h e 
emp h asi s p l aced  o n  red u ci n g  co n st ru ct i o n  an d  d emo l i t i o n  wast e (Ki b ert ,  2 0 0 5 ).  
 Al t h o u g h  t h ere are sev eral  d efi n i t i o n s fo r a su st ai n ab l e b u i l d i n g ,  g en eral l y  sp eak i n g ,  i t  u ses 
reso u rces l i k e en erg y ,  wat er,  l an d ,  mat eri al s i n  a mu ch  mo re effi ci en t  way  t h an  co n v en t i o n al  
b u i l d i n g s.  T h ese b u i l d i n g s are al so  d esi g n ed  an d  u sed  i n  o rd er t o  p ro d u ce h eal t h i er an d  mo re 
p ro d u ct i v e l i v i n g ,  wo rk  an d  l i v i n g  en v i ro n men t s,  fro m t h e u se o f n at u ral  l i g h t  an d  i mp ro v ed  i n -
d o o r en v i ro n men t al  q u al i t y  (S y p h ers et  al ,  2 0 0 3 ).  T h erefo re,  su st ai n ab l e b u i l d i n g  ai ms t h e p ro p -
er b al an ce b et ween  t h e t h ree d i men si o n s o f t h e su st ai n ab l e d ev el o p men t :  E n v i ro n men t ,  S o ci et y  
an d  E co n o my .  
1 . 2  The importance of the sustainable residential building affordable to all 
In  P o rt u g al ,  mo st  o f t h e i mp act s o f t h e b u i l t  en v i ro n men t  i n  t h e su st ai n ab l e d ev el o p men t  are re-
l at ed  t o  t h e resi d en t i al  sect o r (M at eu s,  2 0 0 9 ).  At  t h e en v i ro n men t al  l ev el  t h i s sect o r i s d i rect l y  
an d  i n d i rect l y  rel at ed  t o  t h e co n su mp t i o n  o f a g reat  amo u n t  o f n at u ral  reso u rces (en erg y ,  wat er,  
mi n eral ,  wo o d ,  et c. ) an d  t o  t h e p ro d u ct i o n  o f a si g n i fi can t  q u an t i t y  o f resi d u es.  F o r ex amp l e,  al -
Su s ta in a b ility  A s s e s s m e n t o f a n  A ffo rd a b le  Re s id e n tia l Bu ild in g  
U s in g  th e  S BTo o l PT  A p p ro a c h  
Ri c a r do M a t e us  
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Lui s  Br a ga nç a  
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ABS T RACT :  T h i s p ap er wi l l  p resen t  t h e su st ai n ab i l i t y  assessmen t  o f an  affo rd ab l e resi d en t i al  
b u i l d i n g  b l o ck  u si n g  t h e S BT o o l PT  –  H ap p ro ach .  T h i s b u i l d i n g  b l o ck  resu l t ed  fro m a co o p era-
t i v e h o u si n g  p ro j ect  t h at  fu l fi l s so me o f t h e p ri o ri t i es o f h i g h -p erfo rman ce an d  l o w en v i ro n -
men t al  i mp act  b u i l d i n g s an d  i s i n t ern at i o n al l y  reco g n i sed  as a g o o d  ex amp l e o f a su st ai n ab l e 
p ro j ect .  T h e ai m o f t h i s st u d y  i s t o  v eri fy  t h e u sefu l n ess o f t h e S BT o o l PT  ap p ro ach  i n  p ro mo t i n g  
su st ai n ab l e  b u i l d i n g s t h at  h av e l o wer l i fe-cy cl e co st s wh en  co mp ared  t o  co n v en t i o n al  o n es.  
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t h o u g h  P o rt u g al  h as a mi l d  cl i mat e,  resi d en t i al  sect o r acco u n t s fo r ab o u t  1 7 % o f t h e t o t al  n a-
t i o n al  en erg y  co n su mp t i o n  (DGGE ,  2 0 0 5 ).  Ad d i t i o n al l y ,  i t  u ses a co n si d erab l e amo u n t  o f wat er 
reso u rces,  ab o u t  1 3 2  l / i n h ab i t an t / d ay  o f p o t ab l e wat er,  b ei n g  a si g n i fi can t  p art  o f t h i s cap i t at i o n  
u sed  i n  t o i l et s (INAG,  2 0 0 5 ).  At  t h e so ci o eco n o mi c l ev el  an d  co mp ared  t o  o t h er sect o rs,  b u i l d -
i n g s i s t h e mo st  i mp o rt an t  sect o r,  n o t  o n l y  b ecau se ab o u t  1 0 % o f t h e g l o b al  eco n o my  i s rel at ed  
wi t h  i t s co n st ru ct i o n  an d  o p erat i o n ,  b u t  al so  b ecau se i t  si g n i fi can t l y  i n fl u en ces t h e q u al i t y  o f l i fe 
an d  h eat h  o f i t s i n h ab i t an t s:  i n  t h e d ev el o p ed  co u n t ri es,  p eo p l e are i n si d e b u i l d i n g s i n  ab o u t  
8 0 % t o  9 0 % o f t h e p eri o d  o f t h ei r l i fe (Ro o d man  an d  L essen ,  1 9 9 5 ).  Nev ert h el ess,  so me st u d i es 
i n  P o rt u g al  sh o wed  t h at  mo st  b u i l d i n g s are n o t  su st ai n ab l e i n  t erms o f o p erat i n g  an d  mai n t en -
an ce co st s an d  d o  n o t  p ro v i d e a co mfo rt ab l e an d  h eal t h y  i n d o o r en v i ro n men t  fo r t h ei r o ccu p an t s 
(M at eu s,  2 0 0 9 ).  F o r ex amp l e,  t h e real i t y  sh o ws t h at  2 3 % o f t h e P o rt u g u ese resi d en t i al  b u i l d i n g s 
n eed  t o  b e rep ai red  an d  t h ei r o wn ers d o  n o t  h av e t h e n ecessary  i n co me fo r t h e n ecessary  i n -
v est men t  (INE ,  2 0 0 1 ).  
T h e ab o v emen t i o n ed  real i t y  sh o ws t h at  t h e case fo r creat i n g  su st ai n ab l e affo rd ab l e h o u si n g  i s 
su b st an t i al .  Co mp ared  t o  t h e co n v en t i o n al  p ract i ce,  t h e su st ai n ab l e affo rd ab l e h o u ses co n cep t  i s 
rel at ed  t o  t h e creat i o n  o f h eal t h y  h o mes wi t h  l o w o p erat i o n  co st s,  at  a mi n i mu m l ev el  o f en v i -
ro n men t al  i mp act s.  An o t h er si g n i fi can t  d i fferen ce i s t h at  i n  affo rd ab l e h o u si n g  d ev el o p ers are 
mo t i v at ed  t o  co n si d er d u rab i l i t y  an d  mai n t en an ce co st s wh en  sel ect i n g  mat eri al s wh i l e fo r-p ro fi t  
d ev el o p ers o n l y  co n si d er t h i s i ssu e i f resi d en t s ar e wi l l i n g  t o  p ay  fo r u p g rad es fro m l ess ex p en -
si v e o p t i o n s (S y p h ers et  al ,  2 0 0 3 ).  
On e o f t h e mo st  i mp o rt an t  b arri ers fo r t h e wi d er ad o p t i o n  o f t h i s co n cep t  i s t h at  man y  st ak e-
h o l d ers d o  n o t  reco g n i ze t h e b en efi t s o f t h e su st ai n ab l e co n st ru ct i o n  an d  t h e d o  n o t  u n d erst an d  
t h e p o t en t i al  h i g h er cap i t al  co st  i mp l i cat i o n s.  F o r i n st an ce,  t h e ad o p t i o n  o f so l ar co l l ect o rs,  p h o -
t o v o l t ai cs,  g rey  wat er recy cl i n g  d ev i ces wi l l  l ead  n ecessari l y  t o  h i g h er cap i t al  co st s,  b u t  al so  t o  
l o wer o p erat i o n  co st s an d  t h erefo re t o  co st u mer’ s sat i sfact i o n .  Desp i t e t h i s,  wh en  p l an n ed  an d  
d esi g n ed  wel l ,  p ro j ect s can  ach i ev e at  l east  a b asi c l ev el  o f su st ai n ab i l i t y  wi t h  l i t t l e t o  n o  ad d i -
t i o n al  co st  (Ki b ert ,  2 0 0 5 ).  
In  t h e n ex t  sect i o n s,  t h i s p ap er wi l l  p resen t  an  affo rd ab l e resi d en t i al  b u i l d i n g  t h at  was b u i l t  i n  
P o rt u g al  an d  i t s su st ai n ab i l i t y  wi l l  b e assessed  u si n g  t h e b u i l d i n g  su st ai n ab i l i t y  assessmen t  t o o l  
S BT o o l PT  –  H.  
2  P RE S E NT AT ION OF  T HE  CAS E  S T UDY 
 
T h e case-st u d y  i s a mu l t i fami l y  co o p erat i v e h o u si n g  b u i l d i n g  b l o ck  t h at  i s t h e P o rt u g u ese p i l o t  -
p ro j ect  o f t h e E u ro p ean  P ro g ram “S HE :  S u st ai n ab l e Ho u si n g  i n  E u ro p e” (h t t p : / / www. sh e. co o p ).  
T h e P o rt u g u ese p i l o t  p ro j ect  was t h e seco n d  p h ase o f t h e P o n t e d a P ed ra h o u si n g  st at e t h at  
was b u i l t  i n  t h e mu n i ci p al i t y  o f M at o si n h o s,  No rt h ern  P o rt u g al  (F i g u re 1 ).  It  i s a mu l t i fami l y  
so ci al  h o u si n g  p ro j ect ,  wh i ch  p ro mo t er i s NORBICE T A - Un i ão  d e Co o p erat i v as d e Hab i t ação ,  
U. C. R. L .  T h i s p ro j ect  h as t wo  b u i l d i n g  b l o ck s,  a fo o t p ri n t  o f 3 1 0 5 m2 ,  a t o t al  g ro ss area o f 
1 4 . 8 5 2 m 2  an d  1 0 1  d wel l i n g s.  It  was co -sp o n so red  b y  t h e p ro j ect  S HE  an d  b y  t h e Nat i o n al  Ho u s-
i n g  In st i t u t e (INH) an d  h ad  t h e su p p o rt  o f t h e F E NACHE  (n at i o n al  fed erat i o n  o f so ci al  h o u si n g  
co o p erat i v es),  F E UP  (F acu l t y  o f E n g i n eeri n g  o f t h e Un i v ersi t y  o f P o rt o ) an d  UM  (Un i v ersi t y  o f 
M i n h o ).  T h i s p ro j ect  ai med  t o  d emo n st rat e t h e real  feasi b i l i t y  o f su st ai n ab l e h o u si n g  i n  P o rt u g al  
an d  i t  su cceed  si n ce i t  p ro v ed  t h e p ract i cal  feasi b i l i t y  o f b u i l d i n g  a resi d en t i al  b u i l d i n g  wi t h  
l o wer en v i ro n men t al  i mp act s,  h i g h er co mfo rt  an d  l o wer l i fe-cy cl e co st s,  wh en  co mp ared  t o  a 
co n v en t i o n al  o n e.  
Du ri n g  t h e d esi g n  p h ase,  t h e p ro j ect  t eam ad o p t ed  a seri es o f p ri o ri t i es i n  o rd er t o  creat e a 
su st ai n ab l e affo rd ab l e b u i l d i n g  b l o ck .  T h e mo st  i mp o rt an t  p ri o ri t i es were:  
i ) T o  u se p re-d ev el o p ed  l an d :  t h i s h o u si n g  st at e was b u i l t  i n  an  area t h at  was o ccu p i ed  
b y  d ecay ed  i n d u st ri al  b u i l d i n g s (F i g u res 1  an d  2 ).  By  co n t ri b u t i n g  t o  t h e reg en erat i o n  
o f t h e l an d  an d  t o  t h e i mp ro v emen t  o f aro u n d  u rb an  area,  t h i s p ro j ect  h ad  a p o si t i v e 
l o cal  i mp act .  On  t h e o t h er h an d ,  d u e t o  t h e fact  o f n o t  u si n g  n ew l an d  i t  wi l l  co n t ri -
b u t e fo r t h e mai n t en an ce o f l o cal  b i o d i v ersi t y ;  
i i ) E n erg y  effi ci en cy :  t h e p ri mary  en erg y  co n su mp t i o n  i s ab o u t  2 5 % o f t h e l o cal ’ s co n -
v en t i o n al  p ract i ce;  i t  u ses effi ci en t  l i g h t i n g  i n  p u b l i c sp aces;  an d  so l ar co l l ect o rs fo r 
h o t  wat er (F i g u re 3 );  
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i i i ) W at er effi ci en cy :  b u i l d i n g  i s eq u i p p ed  wi t h  a rai n wat er h arv est i n g  sy st em t h at  g u ar-
an t ees at  ab o u t  1 0 0 % o f t h e wat er su p p l y  fo r g reen  areas an d  t o i l et s (F i g u re 4 );  an d  i t  
i s eq u i p p ed  wi t h  l o w wat er fl o w d ev i ces (F i g u res 5  an d  6 ).   
i v ) Imp ro v emen t  o f t h e i n d o o r ai r q u al i t y :  al l  wi n d o w frames are eq u i p p ed  wi t h  v en t i l a-
t i o n  g ri d s (F i g u re 7 ).   
v ) M an ag emen t  o f h o u seh o l d  wast e:  al l  k i t ch en s are eq u i p p ed  wi t h  co n t ai n ers fo r each  
o f t h e fo u r t y p es o f h o u seh o l d  so l i d  wast e (F i g u re 8 );  t h e o u t si d e co n t ai n ers are l o -
cat ed  n earb y  t h e b u i l d i n g ’ s en t ran ce.  
 
  
F ig u r e 1 .  G en er al ex ter io r  v iew  o f  th e b u ild in g  
b lo ck s.  
 
 
F ig u r e 2 .  A sp ect o f  th e lo cal b ef o r e th e in ter v en -
tio n .  
 
 
F ig u r e 3 .  H o t w ater  so lar  co llecto r s ( th er mo d y-
n amic system) .  
 
 
F ig u r e 4 .  Rain w ater  tan k  ( co n str u ctio n  p h ase) .  
 
 
F ig u r e 5 .  Lo w  f lo w  sh o w er s.  
 
 
F ig u r e 6 .  D o u b le f lu sh  to ilets ( 6 /3  l) .  
 
 
F ig u r e 7 .  V en tilatio n  g r id s o n  w in d o w  f r ames.  
 
 
F ig u r e 8 .  Co n tain er s f o r  so lid  w aste sep ar atio n .  
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v i ) Co n t ro l l ed  co st s:  co mp ared  t o  t h e fi rst  p h ase o f t h e P o n t e d a P ed ra h o u si n g  st at e (t h at  
h av e t h e same t y p e o f arch i t ect u re b u t  u ses t h e co n v en t i o n al  b u i l d i n g  t ech n o l o g i es) 
t h e co n st ru ct i o n  co st  was ab o u t  9 % h i g h er.  T h e p ro mo t er assu med  p art  o f t h i s h i g h er 
cap i t al  co st  an d  t h e d wel l i n g s were so l d  at  a p ri ce 5 % h i g h er t h an  t h e fi rst  p h ase.  Ac-
co rd i n g  t o  t h e p ro mo t er,  t h e t u rn -o ff o f t h i s h i g h er cap i t al  co st  wi l l  ab o u t  5  t o  6  y ears.  
Nev ert h el ess,  d wel l i n g s were so l d  at  an  av erag e p ri ce t h at  was 2 0 % b el l o w t h e l o -
cal ’ s av erag e mark et  p ract i ce.  
3  US E D BUIL DING S US T AINABIL IT Y AS S E S S M E NT  M E T HODOL OGY 
 
Bu i l d i n g  su st ai n ab i l i t y  assessmen t  i n v o l v es v ari o u s rel at i o n s b et ween  b u i l t ,  n at u ral  an d  so ci al  
sy st ems.  T h erefo re i t  co mp ri ses h u n d red s o f p aramet ers,  mo st  o f t h em i n t errel at ed  an d  p art l y  
co n t rad i ct o ry .  T o  co p e wi t h  t h i s co mp l ex i t y  an d  t o  su p p o rt  t h e su st ai n ab l e b u i l d i n g  d esi g n ,  i t  i s 
n ecessary  t o  i mp l emen t  a real  met h o d o l o g i cal  wo rk .  T h e mai n  o b j ect i v e o f a sy st emat i c ap -
p ro ach  i s t o  d efi n e su st ai n ab l e b u i l d i n g  co n cep t  t h ro u g h  t an g i b l e g o al s i n  o rd er t h at ,  as a resu l t  
o f t h e su st ai n ab l e d esi g n  p ro cess,  i t  i s p o ssi b l e t o  ach i ev e t h e mo st  ap p ro p ri at e b al an ce b et ween  
t h e d i fferen t  su st ai n ab i l i t y  d i men si o n s (M at eu s et  al ,  2 0 0 8 ).   
T h e st u d y  p resen t ed  i n  t h i s p ap er u ses t h e S BT o o l PT  met h o d o l o g y  (S u st ai n ab l e Bu i l d i n g  T o o l  
ad ap t ed  t o  P o rt u g al ).  T h e S BT o o l  i s a b u i l d i n g  su st ai n ab i l i t y  assessmen t  met h o d  t h at  resu l t  fro m 
t h e co l l ab o rat i v e wo rk  o f sev eral  co u n t ri es,  si n ce 1 9 9 6  an d  i t  was p ro mo t ed  b y  t h e In t ern at i o n al  
In i t i at i v e fo r a S u st ai n ab l e Bu i l t  E n v i ro n men t  (i i S BE ).  T h i s i n t ern at i o n al  i n v o l v emen t  su p p o rt ed  
i t s d i st i n ct i o n  amo n g  t h e o t h ers met h o d o l o g i es,  si n ce S BT o o l  was d esi g n ed  t o  al l o w u sers t o  re-
fl ect  d i fferen t  p ri o ri t i es an d  t o  ad ap t  i t  t o  t h e reg i o n al ’ s en v i ro n men t al ,  so ci o -cu l t u ral ,  eco n o my  
an d  t ech n o l o g i cal  co n t ex t s.  
T h e P o rt u g u ese v ersi o n  o f S BT o o l  - S BT o o l PT - was d ev el o p ed  b y  t h e P o rt u g u ese ch ap t er o f 
i i S BE ,  wi t h  t h e su p p o rt  o f Un i v ersi t y  o f M i n h o  an d  t h e co mp an y  E co ch o i ce.  In  t h i s met h o d o l o -
g y  al l  t h e t h ree d i men si o n s o f t h e su st ai n ab l e d ev el o p men t  are co n si d ered  an d  t h e fi n al  rat e o f a 
b u i l d i n g  d ep en d s o n  t h e co mp ari so n  o f i t s p erfo rman ce wi t h  t wo  b en ch mark s:  co n v en t i o n al  
p ract i ce an d  b est  p ract i ce.  T h i s met h o d o l o g y  h as a sp eci fi c mo d u l e fo r each  t y p e o f b u i l d i n g  
an d  i n  t h i s p ap er t h e mo d u l e t o  assess resi d en t i al  b u i l d i n g s (S BT o o l PT  –  H) was u sed .  
T h e p h y si ca l  b o u n d ary  o f t h i s met h o d o l o g y  i n cl u d es t h e b u i l d i n g ,  i t s fo u n d at i o n s an d  t h e ex -
t ern al  wo rk s i n  t h e b u i l d i n g  si t e.  Issu es as t h e u rb an  i mp act  i n  t h e su rro u n d i n g s,  t h e co n st ru ct i o n  
o f co mmu n i cat i o n ,  en erg y  an d  t ran sp o rt  n et wo rk s are ex cl u d ed .  Reg ard i n g  t h e t i me b o u n d ary ,  i t  
i n cl u d es t h e wh o l e l i fe cy cl e,  fro m crad l e t o  g rav e.   
T ab l e 1  l i st s t h e cat eg o ri es (g l o b al  i n d i cat o rs) an d  i n d i cat o rs t h at  are u sed  i n  t h e met h o d o l o g y  
t o  access resi d en t i al  b u i l d i n g s.  It  h as a t o t al  o f n i n e su st ai n ab i l i t y  cat eg o ri es (su mmari zes t h e 
b u i l d i n g  p erfo rman ce at  t h e l ev el  o f so me k ey -su st ai n ab i l i t y  asp ect s) an d  2 5  su st ai n ab i l i t y  i n d i -
cat o rs wi t h i n  t h e t h ree su st ai n ab i l i t y  d i men si o n s.    
T h e met h o d o l o g y  i s su p p o rt ed  b y  an  ev al u at i o n  g u i d e an d  i t s framewo rk  i n cl u d es (F i g u re 8 ):  
i ) Qu an t i fi cat i o n  o f p erfo rman ce o f t h e b u i l d i n g  at  t h e l ev el  o f each  i n d i cat o r p resen t ed  
i n  a ev al u at i o n  g u i d e;  
i i ) No rmal i zat i o n  an d  ag g reg at i o n  o f p aramet ers;  
i i i ) S u st ai n ab l e sco re cal cu l at i o n  an d  g l o b al  assessmen t .  
In  o rd er t o  faci l i t at e t h e i n t erp ret at i o n  o f t h e resu l t s o f t h i s st u d y  t h e mai n  st ep s o f t h e 
S BT o o l PT  ap p ro ach  wi l l  b e p resen t ed  i n  t h e n ex t  sect i o n s.   
 
3 . 1  Quantification of parameters 
T h e ev al u at i o n  g u i d e p resen t s t h e met h o d o l o g i es t h at  sh o u l d  b e u sed  b y  t h e assesso r i n  o rd er t o  
q u an t i fy  t h e p erfo rman ce o f t h e b u i l d i n g  at  l ev el  o f each  su st ai n ab i l i t y  i n d i cat o r.  
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Tab le 1 .  List o f  categ o r ies an d  su stain ab ility in d icato r s o f  th e S BTo o l PT  meth o d o lo g y.  
 
F ig u r e 8 .  F r amew o r k  o f  th e S BTo o l PT  meth o d o lo g y.  
 
At  t h e l ev e l  o f t h e en v i ro n men t al  p aramet ers,  S BT o o l PT  u ses t h e same en v i ro n men t al  cat eg o ri es 
t h at  are d ec l ared  i n  t h e E n v i ro n men t al  P ro d u ct  Decl arat i o n s.  At  t h e mo men t ,  t h ere are l i mi t a-
t i o n s wi t h  t h i s ap p ro ach  d u e t o  t h e smal l  n u mb er o f  av ai l ab l e E P D.  T h erefo re t h e au t h o rs o f t h e 
met h o d o l o g y  d eci d ed  t o  d ev el o p  a L i fe-cy cl e Assessmen t  (L CA) d at ab ase t h at  co v ers man y  o f 
t h e b u i l d i n g  t ech n o l o g i es co n v en t i o n al l y  u sed  i n  b u i l d i n g s (Brag an ça et  al ,  2 0 0 8 b ).  Nev ert h e-
l ess,  si n ce t h e L CA d i d  n o t  co v er al l  b u i l d i n g  t ech n o l o g i es u sed  i n  t h e assessed  b u i l d i n g ,  i n  t h i s 
st u d y  was n ecessary  t o  u se o n e ex t ern al  L CA t o o l  (S i maP ro ).   
D imen sio n  Categ o r ies S u stain ab il i ty in d icato r s 
En v ir o n -
men t 
C1  –  Climate ch an g e an d  
o u td o o r  air  q u ality 
P 1  –  Co n str u ctio n  mater ials’  emb o d ied  en v ir o n men tal 
imp act 
C2  –  Lan d  u se an d  b io d i-
v er sity 
P 2  -  U r b an  d en sity 
P 3  –  W ater  p er meab ility o f  th e d ev elo p men t 
P 4  -  U se o f  p r e- d ev elo p ed  lan d  
P 5  –  U se o f  lo cal f lo r a 
P 6  –  H eat- islan d  ef f ect 
C3  –  En er g y ef f icien cy P 7  –  P r imar y en er g y  
P 8  –  I n - situ  en er g y p r o d u ctio n  f r o m r en ew ab les 
C4  –  Mater ials an d  w aste 
man ag emen t 
P 9  –  Mater ials an d  p r o d u cts r eu sed  
P 1 0  –  U se o f  mater ials w ith  r ecycled  co n ten d  
P 1 1  –  U se o f  cer tif ied  o r g an ic mater ials  
P 1 2  –  U se o f  cemen t su b stitu tes in  co n cr ete 
P 1 3  –  W aste man ag emen t d u r in g  o p er atio n  
C5  –  W ater  ef f icien cy P 1 4  –  F r esh  w ater  co n su mp tio n  
P 1 5  –  Reu se o f  g r ey an d  r ain w ater  
S o ciety C6  –  O ccu p an t’ s h ealth  
an d  co mf o r t 
P 1 6  –  N atu r al v en tilatio n  ef f icien cy  
P 1 7  –  To x icity o f  f in ish in g   
P 1 8  –  Th er mal co mf o r t 
P 1 9  –  Lig h tin g   co mf o r t 
P 2 0  –  A co u stic co mf o r t 
C7  –  A ccessib ilities P 2 1  –  A ccessib ility to  p u b lic tr an sp o r tatio n s 
P 2 2  –  A ccessib ility to  u r b an  amen ities  
C8  –  A w ar en ess an d  ed u -
catio n  f o r  su stain ab ility  
P 2 3  –  Ed u catio n  o f  o ccu p an ts 
Eco n o my C9  –  Lif e- cycle co sts P 2 4  –  Cap ital co st 
P 2 5  –  O p er atio n  co st  
Ben ch mar k s  Q u an tif icatio n  Bu ild in g  in  stu d y  
List  o f  p er f o r man c e in d icato r s su p p o r ted  in  a  assessmen t g u id e  
En v ir o n men t  S o cietal  Eco n o my  
N o r malizatio n  
A g g r eg atio n  
G lo b al A ssessmen t  
( S u stain ab le S co r e)  
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At  t h e l ev el  o f t h e so ci et al  p erfo rman ce,  t h e ev al u at i o n  g u i d e p resen t s t h e an al y t i cal  met h o d s 
t h at  sh o u l d  b e u sed  t o  q u an t i fy  t h e p aramet ers.   
T h e eco n o mi cal  p erfo rman ce i s b ased  i n  t h e mark et  v al u e o f t h e d wel l i n g s an d  i n  t h ei r o p era-
t i o n  co st s (co st s rel at ed  t o  wat er an d  en erg y  co n su mp t i o n ).  
3 . 2  Normalization and aggregation of parameters 
T h e o b j ect i v e o f t h e n o rmal i zat i o n  i s t o  av o i d  t h e scal e effect s i n  t h e ag g reg at i o n  o f p aramet ers 
i n si d e each  i n d i cat o r an d  t o  so l v e t h e p ro b l em t h at  so me p aramet ers are o f t h e t y p e “h i g h er i s 
b et t er” an d  o t h ers “l o wer i s b et t er”.  No rmal i zat i o n  u ses t h e Di az-Bal t ei ro  et  al .  (2 0 0 4 ) eq u at i o n  
(E q u at i o n  1 ).  
i
iPiP
iPiP
iP ∀
−
−
=
*
*
*        ( 1 )  
In  t h i s eq u a t i o n ,  Pi  i s t h e v al u e o f ith  p aramet er.  P * i  an d  P * i  are t h e b est  an d  wo rst  v al u e o f t h e ith 
su st ai n ab l e  p aramet er.  T h e b est  v al u e o f a p aramet er rep resen t s t h e b est  p ract i ce an d  t h e wo rst  
v al u e rep resen t s t h e st an d ard  p ract i ce o r t h e mi n i mu m l eg al  req u i remen t .  
No rmal i zat i o n  i n  ad d i t i o n  t o  t u rn i n g  d i men si o n l ess t h e v al u e o f t h e p aramet ers co n si d ered  i n  
t h e assessmen t ,  co n v ert s t h e v al u es b et ween  b est  an d  co n v en t i o n al  p ract i ces i n t o  a scal e 
b o u n d ed  b et ween  0  (wo rst  v al u e) an d  1  (b est  v al u e).  T h i s eq u at i o n  i s v al i d  fo r b o t h  si t u at i o n s:  
“h i g h er i s b et t er” an d  “l o wer i s b et t er”.  
In  o rd er t o  faci l i t at e t h e i n t erp ret at i o n  o f resu l t s,  t h e n o rmal i zed  v al u es o f each  p aramet er are 
co n v ert ed  i n  a g rad ed  scal e,  as p resen t ed  i n  T ab l e 4 .  
 
Tab le 2 : Co n v er sio n  o f  th e q u an titativ e n o r malized  p ar ameter s in to  a q u alitativ e g r ad ed  scale.  
G r ad e V alu es 
A + ( A b o v e b est p r a c tice)            00,1Pi >  
A  00,1P70,0 i ≤<  
B  70,0P40,0 i ≤<  
C  40,0P10,0 i ≤<  
D  ( Co n v en tio n al  p r actice)  10,0P00,0 i ≤<  
E  ( Bello w  co n v en tio n al )           00,0Pi ≤  
 
T h e ag g reg at i o n  co n si st s o n  a wei g h t ed  av erag e o f t h e i n d i cat o rs i n t o  cat eg o ri es an d  t h e cat eg o -
ri es i n t o  d i men si o n s i n  o rd er t o  o b t ai n  t h ree si n g l e i n d i cat o rs.  T h ese t h ree v al u es are o b t ai n ed  
u si n g  t h e eq u at i o n  (2 ) an d  t h e fi n al  resu l t  g i v es t h e p erfo rman ce o f t h e b u i l d i n g  at  t h e l ev el  o f 
each  su st ai n ab i l i t y  d i men si o n .  
i
n
i
ij PwI .
1
∑
=
=  ( 2 )  
T h e i n d i cat o r Ij  i s t h e resu l t  o f t h e wei g h t i n g  av erag e o f al l  t h e n o rmal i zed  p aramet ers iP .  wi  i s 
t h e wei g h t  o f t h e ith  p aramet er.  T h e su m o f al l  wei g h t s mu st  b e eq u al  t o  1 .  
In  t h e d efi n i t i o n  o f t h e en v i ro n men t al  i n d i cat o rs’  wei g h t s t h e met h o d o l o g y  u ses t h e US  E n v i -
ro n men t al  P ro t ect i o n  Ag en cy ’ s S ci en ce Ad v i so ry  Bo ard  st u d y  (T RACI) an d  t h e so ci et al  
wei g h t s are b ase o n  st u d i es t h at  were carri ed  o u t  i n  t h e P o rt u g u ese p o p u l at i o n  (Brag an ça et  al ,  
2 0 0 8 a).   
3 . 3  Global assessment 
T h e l ast  st ep  o f t h e met h o d o l o g y  i s t o  cal cu l at e t h e su st ai n ab l e sco re (S S ).  T h e S S  i s a si n g l e i n -
d ex  t h at  rep resen t s t h e g l o b al  su st ai n ab i l i t y  p erfo rman ce o f t h e b u i l d i n g ,  an d  i t  i s ev al u at ed  u s-
i n g  t h e eq u at i o n  (3 ).  
CCSSEE xIWxIWxIwSS ++=   (3 ) 
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W h ere,  SS  i s t h e su st ai n ab i l i t y  sco re,  Ii  i s t h e p erfo rman ce at  t h e l ev el  o f t h e d i men si o n  i  an d  wj  
i s t h e wei g h t  o f t h e d i men si o n  jth .  
T ab l e 3  p res en t s t h e wei g h t  o f each  su st ai n ab l e so l u t i o n  i n  t h e assessmen t  o f t h e g l o b al  p er-
fo rman ce.  
 
Tab le 3 : W eig h t o f  each  su stain ab ility d imen sio n  o n  th e meth o d o lo g y S BTo o l PT  –  H .   
D imen sio n  W ei g h t ( %)  
En v ir o n men tal 4 0  
S o cietal  3 0  
Eco n o my  3 0  
 
No rmal l y ,  t h e maj o ri t y  o f t h e st ak eh o l d ers wo u l d  l i k e t o  see a si n g l e,  g rad ed  scal e measu re rep -
resen t i n g  t h e o v eral l  b u i l d i n g  sco re.  S u ch  sco re sh o u l d  b e easi l y  fo r b u i l d i n g  o ccu p an t s t o  u n -
d erst an d  an d  i n t erp ret  b u t  al so  o n e wh i ch  cl i en t s,  d esi g n ers an d  o t h er st ak eh o l d ers can  wo rk  
wi t h .  Ho wev er,  d u e t o  t h e p o ssi b l e co mp en sat i o n  b et ween  cat eg o ri es,  i n  t h e S BT o o l PT  ap p ro ach  
t h e g l o b al  p erfo rman ce o f a b u i l d i n g  i s n o t  co mmu n i cat ed  u si n g  o n l y  t h e o v eral l  sco re.  T h e p er-
fo rman ce o f a b u i l d i n g  i s measu red  ag ai n st  each  cat eg o ry ,  su st ai n ab l e d i men si o n  an d  g l o b al  
sco re (su st ai n ab l e sco re) an d  i s ran k ed  o n  a scal e fro m A+ t o  E  
4  RE S UL T S  
4 . 1  Performance at the level of each sustainability category and dimension 
T ab l e 4  p resen t s t h e v al u es o b t ai n ed  i n  t h e assessmen t  o f t h e p erfo rman ce at  t h e l ev el  o f each  
su st ai n ab i l i t y  cat eg o ry  an d  d i men si o n .  An al y si n g  t h e resu l t s i t  i s p o ssi b l e t o  v eri fy  t h at  al l  p ri -
o ri t i es ad o p t ed  b y  t h e p ro j ect  t eam (d escri b ed  ab o v e) were reco g n i sed  b y  t h e S BT o o l PT  met h o d -
o l o g y  an d  t h erefo re al mo st  al l  cat eg o ri es (ex cep t  o n e) h av e a p erfo rman ce g rad e ab o v e t h e co n -
v en t i o n al  p ract i ce.  T h e an al y sed  b u i l d i n g  i s o n l y  wo rst  t h an  t h e co n v en t i o n al  p ract i ce i n  t h e 
cat eg o ry  C1  “Cl i mat e ch an g e an d  o u t d o o r ai r q u al i t y ”.  T h i s si t u at i o n  resu l t s fro m t h e fact  t h at  
t h e b u i l d i n g  u ses so l i d  cl ay  b ri ck s o n  t h e ex t eri o r cl ad d i n g  (o n e mat eri al  wi t h  g reat er emb o d i ed  
en v i ro n men t al  i mp act s t h an  t h e co n v en t i o n al l y  u sed  mat eri al s).  In  co mp en sat i o n ,  b u i l d i n g  i s 
ab o v e t h e b est  p ract i ce’ s b en ch mark s at  t h e l ev el  o f t h ree cat eg o ri es:  C5  “W at er effi ci en cy ”,  C8  
“Awaren ess an d  ed u cat i o n  fo r su st ai n ab i l i t y ”,  C9  “L i fe-cy cl e co st s”.  T h e g o o d  p erfo rman ce at  
t h e l ev el  o f t h e wat er effi ci en cy  i s mai n l y  i n fl u en ced  b y  t h e i mp l emen t at i o n  o f t h e rai n wat er 
h arv est i n g  sy st em;  t h e g o o d  p erfo rman ce o n  cat eg o ry  C8  i s b ecau se al l  d wel l i n g  h av e a co m-
p l et e u ser man u al  t h at  g u i d es t h e i n h ab i t an t s fo r t h e su st ai n ab l e man ag emen t  o f i t ;  an d  t h e g o o d  
eco n o my  p erfo rman ce i s q u i t e d ep en d ab l e o n  t h e l o wer mark et  p ri ce o f t h e d wel l i n g s (2 0 % 
l o wer t h an  av erag e l o cal ’ s mark et  p ract i ce).  
 
Tab le 4 : Re su lts o b tain ed  f r o m th e S BTo o l PT  –  H  f o r  each  su stain ab ility categ o r y an d  d imen sio n .  
D imen sio n  Ca teg o r y P er f o r man ce ( n o r malized  v alu e)  
P er f o r man ce 
( q u alitativ e v alu e)  
W eig h t 
( %)  
D imen sio n  
P er f o r man ce 
( I A )  
 En v ir o n men tal C1  - 0 , 2 0  E  1 3  B  
 C2  0 , 5 6  B  2 0  
 C3  0 , 7 2  A  3 2  
 C4  0 , 1 0  D  2 9  
 C5  1 , 0 3  A +  6  
S o cietal C 6  0 , 6 0  B  6 0  B  
 C 7  0 , 7 4  A  3 0  
 C 8  1 , 1 3  A +  1 0  
Eco n o my C 9  1 , 2 0  A +  1 0 0  A +  
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4 . 2  Global assessment 
T ab l e 5  resu mes t h e o b t ai n ed  resu l t s at  t h e l ev el  o f each  d i men si o n  o f t h e su st ai n ab l e d ev el o p -
men t  an d  t h e g l o b al  p erfo rman ce (S u st ai n ab l e S co re) .  Acco rd i n g  t o  t h e resu l t s t h i s b u i l d i n g  h as 
an  A g rad e,  wh i ch  mean s t h at  i t  i s co n si d ered  t h e b est  p ract i ce i n  t h e P o rt u g u ese co n t ex t .   
 
Tab le 5 : Resu lts o b tain ed  f r o m th e S BTo o l PT  –  H  f o r  th e g lo b al assessmen t.  
D imen sio n  P er f o r man ce ( n o r malized  v alu e)  
P er f o r man ce 
( q u alitativ e v alu e)  
W eig h t 
( %)  
S u stain ab le 
S co r e 
( S S )  
 En v ir o n men tal 0 , 4 1  B  4 0  A  
 S o cietal 0 , 6 9  B  3 0  
Eco n o my 1 , 2 0  A +  3 0  
5  CONCL US IONS  
S u st ai n ab l e d esi g n ,  co n st ru ct i o n  an d  u se o f b u i l d i n g s are b ased  o n  t h e ev al u at i o n  o f t h e en v i -
ro n men t al  p ressu re (rel at ed  t o  t h e en v i ro n men t al  i mp act s),  so ci al  asp ect s (rel at ed  t o  t h e u sers 
co mfo rt  an d  o t h er so ci al  b en efi t s) an d  eco n o mi c asp ect s (rel at ed  t o  t h e l i fe-cy cl e co st s).  T h e 
su st ai n ab l e d esi g n  search es fo r h i g h er co mp at i b i l i t y  b et ween  t h e art i fi ci al  an d  t h e n at u ral  en v i -
ro n men t s wi t h o u t  co mp ro mi si n g  t h e fu n ct i o n al  req u i remen t s o f t h e b u i l d i n g s an d  t h e asso ci at ed  
co st s.  
T h e act u al  en v i ro n men t al ,  so ci et al  an d  eco n o my  co n t ex t  sh o ws t h at  h e case fo r creat i n g  su s-
t ai n ab l e affo rd ab l e h o u si n g  i s su b st an t i al .  T h e p resen t ed  case-st u d y  sh o wed  t h at  ev en  wi t h  l i t t l e 
i n crease o n  cap i t al  co st s (9 %) i t  i s p o ssi b l e t o  d esi g n  a b u i l d i n g  wi t h  a g o o d  l ev el  o f su st ai n ab i l -
i t y ,  ev en  i n  co o p erat i v e h o u si n g  (d wel l i n g s’  p ri ce was 2 0 % l o wer t h an  t h e l o cal  co n v en t i o n al  
p ri ces).  Bei n g  t h i s p i l o t -p ro j ect  n at i o n al l y  an d  i n t ern at i o n al l y  reco g n i zed  h as a g o o d  su st ai n ab i l -
i t y  p ract i ce i t  i s p o ssi b l e t o  co n cl u d e t h at  t h e S BT o o l  –  H i s wel l  ad ap t ed  t o  t h e P o rt u g u ese’ s 
en v i ro n men t al ,  so ci et al  an d  eco n o my  co n t ex t s.  
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1 INT RODUCT ION 
In Por t uga l , t he  ma i n t r a di t i ona l  c ons t r uc t i on t e c hni que s  t ha t  ma ke  us e  of  e a r t h a r e  r a mme d 
e a r t h, a dobe  a nd ha l f -t i mbe r e d. T he s e  t e c hni que s  f e l l  i nt o di s us e  upon t he  a ppe a r a nc e  of  r e i n-
f or c e d c onc r e t e  a nd c e r a mi c  br i c ks  ( Ca r va l ho e t  a l , 2008) . 
An e xpr e s s i ve  a mount  of  t he  e xi s t i ng Por t ugue s e  bui l di ngs  r e ve a l s  a  c e r t a i n l a c k of  ma i nt e n-
a nc e  or  c ons e r va t i on a nd t he  ma i n r e a s on f or  t hi s  f a c t  i s  i nhe r e nt  t o c os t  r e a s ons . It  i s  a l mos t  
s ympt oma t i c  t o obs e r ve  pa t hol ogi e s  e ve n i n r e c e nt  bui l di ngs . T he  c a us e  of  t he s e  pr e ma t ur e  pa -
t hol ogi e s  ma y be  bui l di ng e r r or , de s i gn e r r or , i na ppr opr i a t e  bui l di ng c onc e pt i on, i na ppr opr i a t e  
or  de f i c i e nt  bui l di ng ma t e r i a l s , a mong ot he r s . On t he  ot he r  ha nd, t he  de gr a da t i on t e nds  t o i n-
c r e a s e  wi t h t he  a ge  of  t he  c ons t r uc t i on a nd i t  ma y be  c ons i de r e d a s  a  na t ur a l  de gr a da t i on r e l a t e d 
t o na t ur a l  pa t hol ogi e s . 
T he  pr e s e nc e  of  unde s i r a bl e  wa t e r  dur i ng a  l ong pe r i od of  t i me  f r e que nt l y de t e r i or a t e s  t he  
ma t e r i a l s  pr ope r t i e s  whi c h de c r e a s e s  t he  s t i f f ne s s  of  t he  s t r uc t ur a l  e l e me nt s  a nd ma y r e s ul t  i n 
pa r t i a l  or  t ot a l  c ol l a ps e s  of  t he  c ons t r uc t i ons . 
A r e gul a r  ma i nt e na nc e  or  c ons e r va t i on wor k i s  r e qui r e d t o a voi d unde s i r a bl e  une xpe c t e d 
bui l di ng c ons t r uc t i on de t e r i or a t i on. T he  oc c ur r e nc e  of  a  pa t hol ogy ma y l e a d t o ot he r s  a nd, i n 
t he  l i mi t , ma y r e s ul t s  i n a  pr ogr e s s i ve  s t r uc t ur a l  c ol l a ps e  ( Pi nt o e t  a l , 2002) . 
In t hi s  c ont e xt  a n e a r l y 19 th  c e nt ur y Por t ugue s e  wa t e r mi l l  bui l di ng i s  us e d a s  a  s t udy c a s e  t o 
s how how a  r oof  l e a k i ng ma y l e a d t o a  pr ogr e s s i ve  bui l di ng c ol l a ps e . 
A br i e f  de s c r i pt i on of  t he  bui l di ng i s  done  f ol l owe d by a n i de nt i f i c a t i on/ c ha r a c t e r i za t i on of  
t he  bui l di ng ma t e r i a l s . In pa r t i c ul a r , a n e xpe r i me nt a l  s t udy of  t he  s t r uc t ur a l  mor t a r  wa s  done  i n 
t he  M i c r os c opi c  El e c t r oni c  Uni t  of  t he  T r á s -os -M ont e s  e  Al t o Dour o Uni ve r s i t y ( UT AD)  i n 
whi c h t he  c he mi c a l  e l e me nt a r y c ompos i t i on wa s  s t udi e d by s c a nni ng e l e c t r on mi c r os c o-
py/ e ne r gy di s pe r s i ve  s pe c t r os c opy ( SEM / EDS)  a nd t he  mi ne r a l ogi c a l  e l e me nt a r y c ompos i t i on 
S u rv ey o n  th e main  d ef ects  in  an cien t b u ild in g s  co n s tru cted  
main ly with  n atu ral r aw materials  
A. M urt a, J . P i nt o 
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ABST RACT :  M a ny of  t he  e xi s t i ng bui l di ngs  c ons t r uc t e d mos t l y wi t h na t ur a l  r a w ma t e r i a l s , i n 
Eur ope a n s i t e s , a r e  f r e que nt l y l a c ki ng pr ope r  ma i nt e na nc e  a nd, t he r e f or e , a  hi gh de gr e e  of  de -
gr a da t i on i s  ve r i f i e d i n t he s e  bui l di ngs  c ompr omi s i ng t he i r  i nt e gr i t y a nd r e duc i ng t he i r  l i f e t i me  
pr oba bi l i t y. Of t e n i n t he  r e ha bi l i t a t i on or  r e c ons t r uc t i on of  ol d bui l di ngs  t he  s ol ut i on a dopt e d i s  
t he  pa r t i a l  or  i nt e gr a l  de mol i t i on a nd s ubs t i t ut i on of  s e ve r a l  bui l di ng c ompone nt s . T he  a i ms  of  
t hi s  s t udy a r e  t o de s c r i be  t he  mos t  c ommon c ons t r uc t i ve  s ol ut i ons  i n Por t ugue s e  bui l di ngs  c on-
s t r uc t e d wi t h r a w na t ur a l  ma t e r i a l s , t o s pe c i f y t he  pr i nc i pa l  pr obl e ms  t ha t  a f f e c t  e a c h bui l di ng 
c ompone nt , a nd t o pr e s e nt  pos s i bl e  s ol ut i ons  t o c or r e c t  e a c h de f e c t . T hi s  s t udy i s  f oc us e d on 
t he  pr i nc i pa l  e l e me nt s  t ha t  c ompos e  t he  bui l di ng s t r uc t ur e s  i n Por t uga l , i nc l udi ng l oa d-be a r i ng 
wa l l s , woode n f l oor  a nd r oof  s t r uc t ur e s . T he  c or r e c t i ve  s ol ut i ons  pr e s e nt e d a nd s t udi e d pr i vi -
l e ge s  t he  a dopt i on of  ma t e r i a l s  a nd t e c hni que s  s i mi l a r  a nd mos t  c ompa t i bl e  wi t h t he  or i gi na l  
one s . 
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wa s  s t udi e d by X -r a y t e s t s . T he  e xpe r i me nt a l  i de nt i f i c a t i on of  wood s pe c i me n wa s  done  a t  t he  
La bor a t or y of  t he  For e s t  De pa r t me nt  of  UT AD. 
T he  c hr onol ogi c a l  pa r t i a l  r oof  s t r uc t ur a l  f a i l ur e  s e que nc e  i s  pr e s e nt e d a nd de s c r i be d i n whi c h 
a  pa t hol ogy c a us e / e f f e c t  l i nk i s  a l s o done . M e a nwhi l e , t he  a na l ys i s  of  t hi s  f a i l ur e  s e que nc e  ma y 
gi ve  e vi de nc e  f or  a c hi e vi ng be t t e r  r obus t  t i mbe r  s t r uc t ur a l  r oof  s ol ut i ons  a nd a l s o r e i nf or c e me nt  
r e pa i r i ng s t r uc t ur e s  pr opos a l s  f or  t r a di t i ona l  Por t ugue s e  bui l di ngs . 
T he  bui l di ng us e d a s  a  s t udy c a s e  ma y be  s e e n a  r e a l  e xpe r i me nt a l  mode l  of  a  t r a di t i ona l  Por -
t ugue s e  bui l di ng whi c h a r e  i n ge ne r a l  s us t a i na bl e . 
2 BUILDING UNDER ST UDY 
2.1 Historical and geographic context 
In t hi s  r e s e a r c h wor k, t he  bui l di ng a dopt e d a s  a  s t udy c a s e  i s  a n e a r l y 19 th  c e nt ur y wa t e r mi l l  
whi c h i t s  ma i n f unc t i on wa s  t o pr ovi de  t he  ne i ghbor hood a nd t he  s ur r oundi ng vi l l a ge s  of  f l our . 
It s  a c t i vi t y e nde d by t he  mi d 70`s  wi t h t he  boom of  t he  s upe r ma r ke t  ne t wor ks  whi c h s t a r t e d t o 
of f e r  pr e -pa c ke d c e r e a l s  a nd f l our . T he  de a t h of  t he  owne r  pl us  t he  a bove  de s c r i be d s i t ua t i on 
we r e  t he  ma i n r e a s ons  why t he  wa t e r mi l l  bui l di ng ha s  be e n wi t hout  a ny us e  a nd ma i nt e na nc e  
f r om t ha t  t i me . T he  Fi g. 1 s hows  t he  wa t e r mi l l  bui l di ng i n 2000 i n whi c h i t  i s  e vi de nt  t ha t  a  pa r -
t i a l  r oof  c ol l a ps e  ha s  oc c ur r e d ( Fi g. 1, de t a i l  I) . 
T he  bui l di ng i s  l oc a t e d i n Por t uga l  c ont i ne nt a l  c e nt r a l  r e gi on, on t he  c oa s t , i n t he  di s t r i c t  of  
Coi mbr a , i n t he  muni c i pa l i t y of  Fi gue i r a  da  Foz, i n t he  vi l l a ge  of  Ca r r i t os  ( Fi g. 2) . 
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Figur e  1 .  W a te r mill b uild ing’s c o nd itio n in 2 0 0 0  Figur e  2 .  Lo c a tio n ( http ://ma p s. go o gle . p t/ )  
2.2 Architectural and construction conditions 
An e xpr e s s i ve  a mount  of  t he  e xi s t i ng Por t ugue s e  bui l di ngs  r e ve a l s  a  c e r t a i n l a c k of  ma i nt e n-
a nc e  or  c ons e r va t i on a nd t he  ma i n r e a s on f or  t hi s  f a c t  i s  i nhe r e nt  t o t he  r e l a t e d c os t . It  i s  a l mos t  
s ympt oma t i c  t o obs e r ve  pa t hol ogi e s  e ve n i n r e c e nt  bui l di ngs . T he  c our s e  of  t he s e  pr e ma t ur e  pa -
t hol ogi e s  ma y be  bui l di ng e r r or , de s i gns  e r r or , i mpr opr i a t e d bui l di ngs  c onc e pt i on, i mpr opr i a t e d 
or  de f i c i e nt  bui l di ng ma t e r i a l , a mong ot he r s . Of  c our s e  t ha t  t he  de gr a da t i on t e nds  t o i nc r e a s e  
wi t h t he  a ge  of  t he  c ons t r uc t i on a nd i t  ma y be  c ons i de r e d a s  a  na t ur a l  de gr a da t i on. 
A r e gul a r  ma i nt e na nc e  or  c ons e r va t i on wor k i s  r e qui r e d t o a voi d une xpe c t e d bui l di ng de t e r i -
or a t i on ( Fa r i a  e t  a l , 2008) . T he  oc c ur r e nc e  of  a  pa t hol ogy ma y l e d t o ot he r s  a nd, i n t he  l i mi t , 
ma y r e s ul t  i n a  pr ogr e s s i ve  s t r uc t ur a l  c ol l a ps e . 
 T he  pr e s e nc e  of  unde s i r a bl e  wa t e r  dur i ng a  l ong pe r i od of  t i me  f r e que nt l y de t e r i or a t e s  t he  
ma t e r i a l  pr opr i e t i e s  whi c h de c r e a s e s  t he  s t i f f ne s s  of  t he  s t r uc t ur a l  e l e me nt s  a nd ma y r e s ul t  i n 
pa r t i a l  or  t ot a l  c ol l a ps e s  of  t he  c ons t r uc t i on. 
T he  wa t e r mi l l  bui l di ng wa s  t hought  of  onl y wor ki ng pur pos e s  whi c h ma y e xpl a i n t he  ve r y s i m-
pl e  but  e f f i c i e nt  a r c hi t e c t ur a l  s ol ut i on a dopt e d ( Fi g. 3 a nd 4) . 
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Figur e  3 .  G r o und  flo o r  P la nt,  2 0 0 9  ( m)  
 
 
Figur e  4 .  Fr o nta l vie w,  2 0 0 9  
 
T he  bui l di ng ha s  ba s i c a l l y t hr e e  r ooms  l oc a t e d i n t he  gr ound f l oor . T he s e  r ooms  a r e  t he  gr i nd-
s t one  r oom, t he  ma c hi ne  c omma nd r oom a nd t he  s t or a ge  r oom, Fi g. 3. T he  gr i nds t one  r oom ha s  
a  73 m 2  a r e a  i n whi c h e xi s t  t he  gr i nds t one , t wo gr a i n f i l e r s  a nd ma s s i ve  woode n c he s t s  t o r e t a i n 
t he  f l our . T he  m a c hi ne  c omma nd r oom ha s  a  29 m 2  a r e a  whe r e  t he  t ur bi ne ’ s  s wi t c hi ng l e ve r s  
a r e  l oc a t e d. F i na l l y, t he  s t or a ge  r oom ha s  a  64 m 2  a r e a  a nd i t s  pur pos e  wa s  f or  s t or i ng t he  gr a i ns  
a nd f l our . T hus , t he  bui l di ng ha s  a  t ot a l  a r e a  of  166 m 2 . 
3 IDENT IFICA T ION AND CHARACT ERIZAT ION OF T HE BUILDING M AT ERIALS 
T he  us e d bui l di ng ma t e r i a l s  a r e  l i me s t one , s t r uc t ur a l  mor t a r , t i mbe r , s ol i d a nd hol l ow c e r a mi c  
br i c ks , f i ni s hi ng pl a s t e r  a nd c e r a mi c  t i l e s . 
Si nc e  t hi s  r e gi on i s  s pa r s e  i n s t one s , t he  s t r uc t ur a l  s t one  ma s onr i e s  wa l l s  ( e xt e r i or  a nd i nt e -
r i or )  ha d be e n bui l t  up us i ng i r r e gul a r  a nd s ma l l  s i ze d l i me s t one  pi e c e s  ( Fi g. 5, de t a i l  I)  a ggl ut i -
na t e d by a  s t r uc t ur a l  mor t a r  ( Fi g. 5, de t a i l  II) . T he  a ve r a ge  t hi c kne s s  of  t he s e  wa l l s  i s  0.40 m. 
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Figur e  5 .  D e ta il o f the  str uc tur a l sto ne  ma so nr ie s wa lls 
 
Chapter 5:  Monitoring and evaluation 
591
T i mbe r  wa s  hi ghl y us e d i n t hi s  bui l di ng. T he  f l oor , t he  pur l i ng, t he  be a ms  of  t he  r oof  s t r uc -
t ur e  a nd ove r  t he  ope ni ngs  ( wi ndows  a nd door s )  a nd t he  gr ound pa ve me nt  a r e  t i mbe r . Si nc e  t he  
bui l di ng i s  ne xt  t o a  wa t e r c our s e  we  s us pe c t  t ha t  i t s  f ounda t i on s ys t e m i nc l ude s  a l s o t i mbe r  
pi l e s  t o r e a c h good c a pa c i t y r e s i s t a nc e  s oi l . Howe ve r , t hi s  l a s t  f a c t  ne e ds  t o be  f ur t he r  c on-
f i r me d t hr ough a n e xc a va t i on. 
It  i s  a l s o pos s i bl e  t o f i nd c e r a mi c  hol l ow br i c ks  punc t ua l l y on t he  t op of  t he  t i mbe r  boa r ds  
l oc a t e d on t he  wi ndows . At  t he  s a me  t i me , t he r e  i s  a n i nt e r i or  pa r t i t i on wa l l  t ha t  wa s  bui l t  us i ng 
s ol i d c e r a mi c  br i c ks . T he  mor t a r  a t t a c he d t o t he s e  br i c ks  s e e m t o be  di f f e r e nt  of  t he  us e d i n t he  
s t r uc t ur a l  wa l l s  a nd ma y i ndi c a t e  t ha t  t hi s  wa l l  i s  e a r l i e r  t ha n t he  ot he r s  a nd ma y be  r e l a t e d t o 
a ny r e nova t i on wor k. 
A f i ni s hi ng pl a s t e r  ma t e r i a l  wa s  us e d i n mos t  of  t he  wa l l s  e xc l udi ng t he  one s  of  t he  s t or a ge  
r oom. T he  e xt e r i or  c ove r i ng of  t he  r oof  i s  c e r a mi c  t i l e s . 
In or de r  t o i de nt i f y t he  t ype  of  mor t a r , t he  t ype  of  f i ni s hi ng pl a s t e r  a nd t he  s pe c i me n of  t i m-
be r , e xpe r i me nt a l  t e s t s  we r e  done . 
T he  i de nt i f i c a t i on/ c ha r a c t e r i za t i on of  t he  c he mi c a l  a nd mi ne r a l ogi c a l  e l e me nt a r y c ompos i -
t i ons  of  t he  mor t a r  a nd t he  f i ni s hi ng pl a s t e r  ma t e r i a l s  wa s  done  by s c a nni ng e l e c t r on mi c r os c o-
py/ e ne r gy di s pe r s i ve  s pe c t r os c opy ( SEM / EDS)  a nd X -r a y t e s t s  whi c h we r e  pe r f or me d i n t he  
M i c r os c opi c  El e c t r oni c  Uni t y of  t he  UT AD. Si mi l a r  t e s t s  ha ve  be e n a l r e a dy done  i n t he  f r a me -
wor k of  ot he r  r e s e a r c h pr oj e c t s  ( Pi nt o e t  a l , 2009) , ( Si l va  e t  a l , 2009)  t o c ha r a c t e r i ze  t he  a va i l a -
bl e  a nd us e d ma t e r i a l s  f or  t he  l oc a l  t r a di t i ona l  c ons t r uc t i ons .  
Four  mor t a r  ma t e r i a l  s a mpl e s  ( s a mpl e  1, 2, 3 a nd 4)  we r e  c ol l e c t e d a nd t e s t e d. It  wa s  a l s o 
t e s t e d a  l i me  s a mpl e  a nd a  hydr a ul i c  l i me  s a mpl e  s i nc e  t he y a r e  t he  mor e  c ommon bi ndi ng ma -
t e r i a l  us e d i n t he s e  t r a di t i ona l  bui l di ngs . 
T he  pr e pa r a t i on of  t he  mor t a r  ma t e r i a l  s a mpl e s  r e qui r e d a  t r i t ur a t i ng pr oc e s s  be c a us e  onl y 
t he  t hi nne r  por t i on i s  us e d. 
T he  c he mi c a l  e l e me nt a r y c ompos i t i on r e s ul t s  obt a i ne d by t he  SEM / EDS t e s t  a r e  pr e s e nt e d i n 
T a bl e  1. T he  mi ne r a l ogi c a l  e l e me nt a r y c ompos i t i on r e s ul t s  of  t he  X -r a y t e s t  s hown i n T a bl e  2. 
 
 
T a b le  1 .  Che mic a l e le me nta r y c o mp o sitio n r e sults o f the  SE M /E D S ( %) .  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Che mic a l    Sa mp le  1   Sa mp le  2   Sa mp le  3   Sa mp le  4    Lime    H yd r a ulic  
e le me nt                               lime  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
O xyge n ( O )     5 2 . 0 1    5 1 . 4 4    5 2 . 0 7    4 9 . 0 6    5 6 . 0 6    3 9 . 8 5  
So d ium ( N a )     --- --    -----    -----    0 . 9 0     -----    ----- 
M a gne sium ( M g)   -----    -----    -----    0 . 6 8     2 . 0 1     0 . 5 0  
Aluminium ( Al)    6 . 3 7     6 . 1 1     8 . 7 4     6 . 6 8     3 . 4 0     0 . 3 8  
Silic o n ( Si)     1 3 . 8 4    9 . 4 5     1 7 . 4 8    1 5 . 0 1    7 . 4 2     ----- 
Cho r ine  ( Cl)     -----    -----    -----    0 . 5 8     -----    ----- 
P o ta ssium ( K )    1 . 9 0     1 . 0 9     3 . 4 5     1 . 6 5     0 . 9 9     ----- 
Ca lc ium ( Ca )     2 4 . 9 2    3 1 . 1 7    1 7 . 3 6    2 2 . 5 1    2 8 . 0 1    5 9 . 2 6   
I r o n ( Fe )      0 . 9 6     0 . 7 4     0 . 9 0     2 . 9 4     1 . 4     ----- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
 
 
T a b le  2 .  M ine r a lo gic a l e le me nta r y c o mp o sitio n r e sults o f the  X -r a y te st _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sa mp le  1     M ine r a lo gic a l c o mp o sitio n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Sa mp le  1     Q ua r tz ,  Ca lc ite ,  M usc o vite  
Sa mp le  2     Ca lc ite ,  K a o linite ,  Q ua r tz  
Sa mp le  3     Ca lc ite ,  Q ua r tz  
Sa mp le  4     Ca lc ite ,  Q ua r tz ,  P la ste r   
Lime       Ca lc ite , Ca lc ium O xid e   
H yd r a ulic  lime   Ca lc ite ,  Q ua r tz ,  P la ste r  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
M or t a r  ma t e r i a l  s a mpl e s  1, 2 a nd 3 ha ve  ve r y s i mi l a r  e l e me nt a r y c ompos i t i on i n pa r t i c ul a r  i n 
t e r ms  of  c he mi c a l  ( T a bl e  1) . 
On t he  ot he r  ha nd, t he  mor t a r  ma t e r i a l  s a mpl e  4 s e e ms  t o be  s l i ght l y di f f e r e nt  of  t he  ot he r s  
( 5 th  c ol umn, T a bl e  1 a nd 5 th  l i ne , T a bl e  2)  a nd s hows  a  l ot  of  mi ne r a l ogi c a l  e l e me nt a r y c ompo-
s i t i on s i mi l a r i t i e s  wi t h t he  hydr a ul i c  l i me  ( T a bl e  2) . 
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At  t he  s a me  t i me , t hi s  s a mpl e  wa s  got t e n f r om t he  a bove  de s c r i be d i nt e r i or  pa r t i t i on wa l l  
whi c h i s  e a r l i e r  t ha n t he  ot he r s . 
Ba s e d on t he s e  r e s ul t s  a nd t he  a bove  a na l ys e s  we  ma y c ons i de r  t ha t  t he  mor t a r  ma t e r i a l  s a m-
pl e s  1, 2 a nd 3 a r e  a  mi xt ur e  of  l oc a l  e a r t h a nd l i me  a nd t he  mor t a r  ma t e r i a l  s a mpl e  4 i s  a  mi x-
t ur e  of  a  l oc a l  e a r t h a nd hydr a ul i c  l i me . 
Al l  t he  s a mpl e s  ha ve  a n e xpr e s s i ve  a mount  of  Ca . T a ki ng i nt o a c c ount  t ha t  i t  i s  a  l i me s t one  
ge ol ogi c a l  r e gi on, t he  e a r t h mus t  be  a l s o l i me s t one  ba s e d. T hus , f ur t he r  e xpe r i me nt a l  wor k i s  
r e qui r e d us i ng l oc a l  e a r t h s a mpl e s  i n or de r  t o c onf i r m i f  s a mpl e s  1, 2 a nd 3 a r e  e a r t h ba s e d mor -
t a r s . 
T he  e xpe r i me nt a l  i de nt i f i c a t i on a nd c ha r a c t e r i za t i on pr oc e s s  of  t he  s i x t i mbe r  s a mpl e s  wa s  
done  a t  t he  La bor a t or y of  t he  For e s t  De pa r t me nt  of  UT AD. T wo t i mbe r  s a mpl e s  of  t he  t i mbe r  
s t r uc t ur a l  r oof  we r e  e xpe r i me nt a l l y i de nt i f i e d a s  be i ng Pinus pinea s pe c i me ns . One  t i mbe r  
s a mpl e  of  t he  gr ound f l oor  pa ve me nt  wa s  e xpe r i me nt a l l y i de nt i f i e d a s  be i ng Pinus pinaster  
s pe c i me n. T he s e  a r e  bot h l oc a l  t r e e s  s pe c i me ns . 
Ba s e d on t he  a bove  bui l di ng ma t e r i a l  de s c r i pt i on i t  i s  pos s i bl e  t o r e a l i ze  t ha t  mos t  of  t he  us e d 
ma t e r i a l s  a r e  na t ur a l  a nd l oc a l  a nd, t he  bui l di ng i t s e l f  i s  a s s oc i a t e d t o bui l di ng t e c hni que s  t ha t  
r e qui r e  s ma l l  a mount  of  e ne r gy c ons umpt i on a nd r e l e a s e s  a n une xpr e s s i ve  a mount  of  noxi ous  
ga s e s  t o a t mos phe r e  ( M ur t a  e t  a l , 2009) . Cons e que nt l y, we  ha ve  a  r e ma r ka bl e  e xa mpl e  of  a  s us -
t a i na bl e  bui l di ng s ol ut i on. 
It  i s  i mpor t a nt  t o s t udy t he  c ompos i t i on of  t he  e xi s t i ng mor t a r  a nd t o i de nt i f y t he  wood s pe -
c i me n us e d f or  f ut ur e  r e nova t i on a nd c ons e r va t i on wor ks  f or  t hi s  bui l di ng, i n pa r t i c ul a r , a nd f or  
t r a di t i ona l  Por t ugue s e  bui l di ngs  i n ge ne r a l . W e  a r e  a l s o pa r t i c ul a r l y i nt e r e s t e d of  ve r i f yi ng i f  
t he  mor t a r  i s  a n e a r t h ba s e d ma t e r i a l . 
4 ST RUCT URAL SOLUT ION 
Ac c or di ng t o Fi g. 3 t he r e  a r e  t wo t ype s  of  wa l l s . T he r e  a r e  s e ve r a l  l i me s t one  ba s e d ma s onr i e s  
wa l l s  a nd one  s ol i d c e r a mi c  br i c k ba s e d wa l l . T he  f unc t i on of  t he  l a s t  one  i s  pa r t i t i on. In c on-
t r a s t , t he  ma i n one s  ha ve  a  s t r uc t ur a l  f unc t i on s i nc e  t he y s uppor t  t he  r oof  s ys t e m. 
T he  r oof  t i mbe r  s t r uc t ur a l  s ol ut i on c ompr i s e s  t wo t ype s . In t he  gr i nd s t one  a nd t he  c omma nd 
r ooms  ( Fi g. 6-a )  i t  wa s  a dopt e d t r us s e s  ( Fi g. 6-a , de t a i l  I)  di r e c t l y s uppor t e d on t he  l i me s t one  
ba s e d ma s onr i e s  wa l l s  ( Fi g. 6-a , de t a i l  II) , t he s e  t r us s e s  s uppor t  be a ms  ( Fi g. 6-a , de t a i l  III)  
whi c h a r e  s uppor t i ng t he  pur l i ng ( Fi g. 6-a , de t a i l  IV ) . On t he  pur l i ng t he r e  a r e  t i mbe r  boa r ds  
( Fi g. 6-a , de t a i l  V )  s uppor t i ng t he  c e r a mi c  t i l e s . 
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a .  T r usse d  typ e  r o o f str uc tur a l so lutio n  b .  B e a me d  typ e  r o o f str uc tur a l so l u tio n  
Figur e  6 .  Ro o f str uc tur a l syste ms 
 
T he  ot he r  t ype  of  r oof  t i mbe r  s t r uc t ur a l  s ol ut i on wa s  onl y a ppl i e d i n t he  s t or a ge  r oom, Fi g. 6-b, 
whi c h i nc l ude s  t i mbe r  be a ms  ( Fi g 6-b. de t a i l  I)  whi c h we r e  s t r uc t ur e s  s uppor t e d on t he  l i me s -
t one  ba s e d ma s onr y wa l l s  ( Fi g. 6-b, de t a i l  II)  a nd a  c e nt r a l  t i mbe r  be a m ( Fi g. 6-b, de t a i l  III) . On 
t he s e  t i mbe r  be a ms  t he r e  we r e  t i mbe r  boa r ds  ( Fi g.6-b, de t a i l  IV )  s uppor t i ng t he  c e r a mi c  t i l e s . 
T he s e  a r e  r e ma r ka bl e  t r a di t i ona l  t i mbe r  s t r uc t ur e s  bui l t  unde r  s ki l l s  ba s e d on e xpe r i e nc e . 
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5 FAILURES AND PAT OLOGIES 
5.1 Roof structural failures 
T he  r oof  t i mbe r  s t r uc t ur e  ha s  be e n f a c i ng pa r t i a l  c ol l a ps e s  t hr oughout  t he  l a s t  9 ye a r s . T he  f i r s t  
pa r t i a l  c ol l a ps e  oc c ur r e d i n 2000, i n whi c h pa r t  of  t he  r oof  of  t he  s t or a ge  r oom wa s  l os t  ( Fi g. 8-
a , de t a i l  I) . It  i s  i mpor t a nt  t o unde r l i ne  t ha t  t he  ma i n s t r uc t ur a l  t i mbe r  e l e me nt s  whi c h a r e  
t r us s e s  di d not  ge t  da ma ge d. 
T he  s e c ond s t r uc t ur a l  f a i l ur e  of  t he  r oof  oc c ur r e d i n 2007 r e s ul t i ng i n t he  c ompl e t e l y l os s  of  
t he  r oof  of  t he  s t or a ge  r oom ( Fi g. 8-b, de t a i l  I)  a nd pa r t  of  t he  f r ont a l  l i me s t one  ba s e d ma s onr y 
wa l l  ( Fi g. 8-b, de t a i l  II) .  
T he  t hi r d r oof  s t r uc t ur a l  f a i l ur e  oc c ur r e d t hi s  ye a r  i n t he  r oof  of  t he  gr i nds t one  r oom ( Fi g. 8-
c , de t a i l  I)  i n whi c h i t s  r oof  wa s  pa r t i a l l y l os t . In t hi s  c a s e , t he  pur l i ng ( Fi g 6-a , de t a i l  IV )  c ol -
l a ps e d i n t he  zone  of  t he i r  s uppor t  ( t he  l i me s t one  ba s e d ma s onr y wa l l  ( Fi g. 6-a , de t a i l  V I)  ge ne -
r a t i ng a  l oa d r e di s t r i but i on whi c h r e s ul t e d on t he  c ol l a ps e  of  t he  be a m ( Fi g. 6-a , de t a i l  III) . T hi s  
l oa d r e di s t r i but i on wa s  pos s i bl e  be c a us e  t he  r oof  s t r uc t ur a l  s ol ut i on wor ks  a s  a  s t r uc t ur a l  s ys -
t e m ( CEN, 1998) . 
 
Figur e  8 .  Ro o f’s p a r tia l c o lla p se s 
5.2 Pathologies 
T hi s  s e c t i on i s  f oc us e d on t he  pa t hol ogi e s  a s s oc i a t e d t o t he  a bove  de s c r i be d f a i l ur e s . Fi gur e  8-a  
i n i t s  de t a i l  II s hows  a  l oc a l  pe r ma ne nt  de f or ma t i on of  t he  r oof  s ys t e m of  t he  gr i nds t one  r oom 
i n i t s  c onne c t i on t o t he  f r ont a l  wa l l . Some  c e r a mi c  t i l e s  we r e  a l s o mi s s i ng t he r e . 
M e a nwhi l e , Fi gur e  8-a  i l l us t r a t e s  t he  r oof ’ s  c ondi t i on of  t he  gr i nds t one  r oom be f or e  t he  
a bove  de s c r i be d t hi r d r oof ’ s  s t r uc t ur a l  c ol l a ps e  oc c ur r e d i n 2009 ( Fi g. 8-c ) . Some  pur l i ng a nd 
t i mbe r s  boa r ds  s howe d a n a dva nc e  s t a ge  of  de t e r i or a t i on i n t he  c ont a c t  zone  wi t h t he  s t r uc t ur a l  
wa l l . T hr ough Fi gur e  6-a , de t a i l  I, i t  i s  a l s o pos s i bl e  t o not i c e  t ha t  t he s e  t i mbe r  e l e me nt s  ha d a  
da r ke r  s ha de  t ha n t he  s i mi l a r  one s  l oc a t e d out s i de  of  t he  da ma ge d zone  whi c h i ndi c a t e d a  l e a k-
i ng pr obl e m. By doi ng a  s i mi l a r  a na l ys i s , Fi gur e  6-a , de t a i l s  V II, V III a nd IX  i ndi c a t e d t ha t  
t he r e  we r e  s ome  c r a c ke d c e r a mi c  t i l e s  or  t he  c e r a mi c  t i l e s / t i mbe r  boa r d di r e c t  c ont a c t  s ol ut i on 
wa s  not  t he  a ppr opr i a t e d one  be c a us e  ma y i nc r e a s e  a n unde s i r a bl e  wa t e r  moi s t e r  i n t he  t i mbe r  
s t r uc t ur a l  e l e me nt s . 
An e xpr e s s i ve  ve r t i c a l  c r a c k l oc a t e d i n t he  j unc t i on of  t wo l i me s t one  ba s e d ma s onr y wa l l  of  
t he  s t or a ge  r oom ( Fi g. 9, de t a i l  I)  wa s  f or me d j us t  be f or e  t he  oc c ur r e nc e  of  t he  s e c ond r oof ’ s  
s t r uc t ur a l  c ol l a ps e  oc c ur r e d i n 2007. T he  t hi c kne s s  of  t hi s  ve r t i c a l  c r a c k de c r e a s e s  f r om t he  t op 
t o t he  bot t om. 
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a .  1 st  Co lla p se  ( 2 0 0 0 )  b .  2 nd  Co lla p se  ( 2 0 0 7 )  c .  3 r d  Co lla p se  ( 2 0 0 9 )  
Portugal SB10: Sustainable Building Affordable to All
594
I 
Figur e  9 .  V e r tic a l c r a c k,  2 0 0 7  
6 M AIN CONCLUSIONS 
T he  a r c hi t e c t ur e  s ol ut i on, t he  s t r uc t ur e  s ol ut i on, t he  bui l di ng ma t e r i a l ’ s  i de nt i f i c a t i on/  c ha r a c t e -
r i za t i on, t he  s e que nc e  of  s t r uc t ur a l  f a i l ur e s  a nd t he  ma i n pa t hol ogi e s  i de nt i f i c a t i on/  c ha r a c t e r i -
za t i on r e l a t e d t o a n e a r l y Por t ugue s e  19 th  c e nt ur y wa t e r mi l l  we r e  de s c r i be d a nd de t a i l e d. 
T hi s  bui l di ng ma y be  c ons i de r e d a s  a  r e a l  s c a l e  e xpe r i me nt a l  mode l  whi c h ma y c ont r i but e  t o 
t he  r e ha bi l i t a t i on a nd c ons e r va t i on f i e l ds  of  t r a di t i ona l  Por t ugue s e  bui l di ngs . 
Ba s e d on t he  f a c t  t ha t  t he  e xpe r i me nt a l  ma t e r i a l  s t udy c onc l ude d t ha t  t he  bui l di ng us e d a s  a  
s t udy c a s e  i s  e nvi r onme nt a l  f r i e ndl y a nd ma y a l s o be  us e d a s  a  s us t a i na bl e  bui l di ng mode l . T he  
s t r uc t ur a l  l i me s t one  ba s e d ma s onr y wa l l s  a dopt e d s ol ut i on ha s  t he  pa r t i c ul a r i t y of  us i ng s ma l l  
s i ze  l i me s t one  pi e c e s  c onne c t e d by a n e a r t h ba s e d s t r uc t ur a l  mor t a r  whi c h i s  a l s o a  s us t a i na bl e  
a nd e c onomi c  s ol ut i on. 
T he  r e por t e d s t r uc t ur a l  f a i l ur e  s e que nc e  ha s  be e n c a us e d ba s i c a l l y by r oof  l e a ki ng pr obl e ms  
whi c h ha s  be e n de t e r i or a t i ng t he  t i mbe r  s t r uc t ur a l  e l e me nt s  of  t he  r oof  of  t he  wa t e r mi l l  bui l d-
i ng. T he n, a  r e gul a r  ma i nt e na nc e  i s  r e qui r e d i n or de r  t o a voi d bui l di ng f a i l ur e s . T hi s  f a c t  i s  
muc h mor e  r e l e va nt  i n t r a di t i ona l  bui l di ngs . 
T he  t r us s e d t i mbe r  r oof  s t r uc t ur a l  s ol ut i on ha d s hown a  be t t e r  s t r uc t ur a l  be ha vi or  t ha n t he  
be a me d t i mbe r  r oof  s t r uc t ur a l  s ol ut i on be c a us e  i t  a voi ds  t ot a l  c ol l a ps e  a nd, c ons e que nt l y, i t  i s  
mor e  r obus t . T he s e  f a c t s  ma y be  e a s i l y e xt r a pol a t e d t o t he  r e pa i r i ng of  t he  Por t ugue s e  t r a di -
t i ona l  bui l di ngs  whi c h a r e  i n ge ne r a l  e nvi r onme nt a l  f r i e ndl y. 
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1 INT RODUCT ION 
1.1 Energy consumption and carbon dioxide emissions in non residential buildings 
T he  s e c t or  of  l a r ge  non r e s i de nt i a l  bui l di ngs  r e pr e s e nt s  a n i mpor t a nt  pa r t  of  t he  c ons t r uc t i on i n-
dus t r y:  i n It a l y i n ye a r  2007 ( c ons i de r i ng onl y t he  i ndus t r i a l , t he  c omme r c i a l  a nd t he  hos pi t a l i t y 
bui l di ngs )   mor e  t ha n 7000 ne w bui l di ng ha s  r e c e i ve d t he  bui l di ng pe r mi t  f or  a n a mount  of  
mor e  t ha n 90 mi l l i ons  c ubi c  me t e r s  ( s our c e  IST AT  “ St a t i s t i c he  s ui  pe r me s s i  di  c os t r ui r e ” , J ul y 
2009) . T he  a ve r a ge  vol ume  i s  s i gni f i c a nt l y l a r ge r  i n ur ba n a r e a s  wi t h mor e  t ha n 100.000 i nha bi -
t a nt s  ( mor e  t ha n 33.000 c ubi c  me t e r s  pe r  e a c h bui l di ng)  s o t he  i mpa c t  f or  t he  e nvi r onme nt  of  
t he s e  ne w bui l di ngs  i s  e ve n hi ghe r  t ha n i t  i s  i n s ma l l  t owns . 
M or e ove r , i t  i s  i mpor t a nt  t o unde r l i ne  t he  f a c t  t ha t  a t  pr e s e nt  a n i mpor t a nt  vol ume  of  non r e s -
i de nt i a l  bui l di ngs  c ons t r uc t e d i n t he  s i xt i e s  a nd i n t he  s e ve nt i e s  i s  s t i l l  i n us e . T he y a r e  bui l d-
i ngs  c ha r a c t e r i ze d by mor e  a nd mor e  i ne f f i c i e nt  e ne r gy be ha vi or s , of t e n wi t h e xt e r i or  f a ç a de s  
a nd r oof s  not  or  i ns uf f i c i e nt l y i ns ul a t e d, wi t h l a r ge  s ur f a c e s  of  l i ght  c ur t a i n wa l l s  hi ghl y di s s i -
pa t i ng i n wi nt e r  a nd unpr ot e c t e d f r om s ol a r  r a di a t i on i n s umme r , wi t h obs ol e t e  e qui pme nt s , 
ge ne r a l l y de f i c i e nt  bot h i n s ol a r  ga i n s ys t e ms  a nd i n a ny ki nd of  a t t e nt i on f or  e ne r gy s a vi ng s o-
l ut i ons . Ins i de  t hi s  s c e na r i o we  mus t  c ons i de r  t oo t he  f a c t  t ha t  t he  de ma nd f or  c omf or t  i ns i de  
non r e s i de nt i a l  bui l di ngs  bot h i n wi nt e r  a nd pa r t i c ul a r l y i n s umme r  ha s  be e n l a r ge l y gr owi ng i n 
t he  l a s t  ye a r s , a l s o i n r e l a t i on bot h wi t h i nnova t i ons  i n wor ki ng pr a c t i c e s  a nd wi t h c l i ma t e  c on-
di t i ons  r a pi dl y c ha ngi ng a nd ha r dl y pr e di c t a bl e ;  t he  f i na l  e f f e c t  i s  t he  c ons t a nt  gr owi ng of  e ne r -
gy c ons umpt i on f or  di f f e r e nt  a c t i vi t i e s  i n non r e s i de nt i a l  s e c t or .    
P erf o rman ce  meas u remen t  an d  imp ro v emen t o f  n o n  res id en tial 
b u ild in g s : carb o n  d io x id e acco u n tin g  an d  en erg y s av in g   
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ABST RACT :  T he  pa pe r  de a l s  wi t h t he  t he me s  of   s us t a i na bi l i t y wi t h t he  a i m  t o s e t  up a  ge n e r a l  
f r a me wor k f or  t he  a s s e s s me nt  a nd t he  i mpr ove me nt  of  s e l e c t e d e nvi r onme nt a l  pe r f or ma nc e s  of  
l a r ge  non r e s i de nt i a l  bui l di ng ( e .g. c omme r c i a l , e xhi bi t i on, ...)  t a ki ng i nt o a c c ount :   
- s t r a t e gi e s  f or  e ne r gy s a vi ng i n he a t i ng a nd a i r  c ondi t i oni ng,  
- de f i ni t i on of  a c c ount i ng c r i t e r i a  f or  c a r bon di oxi de  e mi s s i ons   
- de f i ni t i on of  l i f e  c yc l e  c os t i ng pr oc e dur e s  wi t h t he  i nc l us i on of  e nvi r onme nt a l  c os t s .  
T he  pa pe r  pr e s e nt s  di f f e r e nt  a ppr oa c he s  t ha t  c oul d be  c ombi ne d i n or de r  t o c r e a t e  s uppor t s  f or  
e va l ua t i ons  a nd f or  de c i s i ons  i n t he  f i e l d of  e nvi r onme nt a l  pe r f or ma nc e s  of  bui l di ngs . T he  a i m 
i s  t o gi ve  t o owne r s  a nd/ or  t o ot he r s  ope r a t or s  ( de s i gne r s , e ne r gy ma na ge r s , ...)  t ool s  ( me t hods , 
pr oc e dur e s , … )  t o moni t or  t he  bui l di ng pe r f or ma nc e s , t o e va l ua t e  t he  r e s ul t s  of  a l t e r na t i ve  
s t r a t e gi e s  a nd t o a s s ume  de c i s i ons  on pos s i bl e  i mpr ove me nt  a c t i ons . 
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T a b le  1  E ne r gy c o nsump tio n ( e le c tr ic a l)  in no n r e sid e ntia l se c to r .  ( G W h)  So ur c e  T E RN A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   
          1 9 9 8   1 9 9 9   2 0 0 0   2 0 0 1   2 0 0 2   2 0 0 3   2 0 0 4   2 0 0 5  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T o ta l         3 7 . 0 8 8  3 9 . 2 4 3  4 1 . 3 6 1  4 3 . 6 5 4  4 6 . 2 8 4  4 9 . 9 0 5  5 2 . 0 1 1  5 5 . 6 4 4  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
T he s e  da t a  mus t  be  c ons i de r e d i n r e l a t i on wi t h t he  f a c t  t ha t , i ns i de  t he  ge ne r a l  s c e na r i o of  a c -
t i vi t i e s , c i vi l  s e c t or  r e pr e s e nt s  a n i mpor t a nt  e ne r gy us e r , de ma ndi ng ( t a bl e  2)  a l l  t he  t ype s  of  
e ne r gy a nd, t he r e f or e , c ont r i but i ng i n a  s i gni f i c a nt  me a s ur e  t o t he  c a r bon di oxi de  e mi s s i ons . 
 
T a b le  2 .  Fina l c o nsump tio ns in I ta ly fo r  se c to r  a nd  fo r  typ e  o f e ne r gy in 2 0 0 7  ( unit M te p  =  millio ns o f o il 
to ns) .  So ur c e : D a ta  M iSE  ( synthe tic  b a la nc e  she e t  2 0 0 7 )  e la b o r a te d  b y E N E A _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
           Co nsump tio ns  O il ( %)  G a s ( %)   Ca r b o n ( %)   E le c tr ic ity ( %)  
( M te p )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T r a nsp o r ta tio ns       4 4 . 6 5     9 7 %  1 %         2 % 
I nd ustr y          4 1 . 0 2     1 9 %  4 0 %   1 2 %     2 9 % 
Re sid e ntia l a nd  N o n Re sid e ntia l 4 3 . 4 1     1 1 %  5 5 %   4 %     3 0 % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T o ta l           1 4 4 . 1 0    4 8 %  2 9 %   5 %     1 8 % 
 
Al l  t he s e  a s pe c t s  c a r r y t o hi ghl i ght  s ome  pr e s s i ng pr obl e ms :   
-  ope r a t i ons  i n non r e s i de nt i a l  bui l di ngs  pr oduc e  hi gh c os t s  bot h on e c onomi c  a nd on e nvi -
r onme nt ;  
-  t he r e  i s  a n i mpor t a nt  i nt e r e s t  f or  r e ne wa l  a nd r e t r of i t  a c t i vi t i e s  r e ga r di ng non r e s i de nt i a l  
bui l di ngs ;  
-  bot h i n ne w bui l di ngs  a nd i n e ne r gy r e ha bi l i t a t i on i nt e r ve nt i ons  i t  i s  pos s i bl e  t o not i c e  
t he  ge ne r a l  l a c k of  s t r a t e gi e s  a bl e  t o c ons i de r  s i mul t a ne ous l y ma ny a s pe c t s , s uc h a s :  i m-
pr ove me nt  of  e ne r gy pe r f or ma nc e s  bot h i n wi nt e r  a nd i n s umme r ;  i mpl e me nt a t i on of  
t e c hni c a l  s ol ut i ons  a da pt e d t o t he  s pe c i f i c  wa ys  of  us i ng bui l di ngs ;  r e duc t i on of  i mpa c t s  
bot h on c os t s  i n us e  a nd on e nvi r onme nt  r e s our c e s  c ons i de r i ng t he  l i f e  c yc l e  of  ma t e r i a l s  
a nd c ompone nt s  a dopt e d;  t he  i nf l ue nc e  of  di f f e r e nt  a nd a l t e r na t i ve  pr oj e c t  c hoi c e s  on 
CO2 e mi s s i ons , e t c . 
-  f r e que nt l y, c hoi c e s  a dopt e d t o i mpr ove  e ne r gy be ha vi or  of  bui l di ngs  s e e m t o be  f r a g-
me nt e d, a bl e  t o c ons i de r  onl y pa r t i c ul a r  a s pe c t s , i gnor i ng s yne r gi c  a nd i ndi r e c t  e f f e c t s ;  
c onc ur r e nt l y ma i nl y me t hodol ogi e s  a nd t ool s  de ve l ope d t o e va l ua t e  a nd s i mul a t e  t he  e f -
f e c t s  of  c hoi c e s  t e nd t o i s ol a t e  pa r t i c ul a r  a s pe c t s  a nd pe r f or ma nc e s . 
Nowa da ys  i t  i s  i mpor t a nt  t o or i e nt  a  s e c t or  of  s us t a i na bi l i t y a nd e ne r gy s a vi ng r e s e a r c he s  i n 
t he  di r e c t i on of  t ool s  c ha r a c t e r i ze d by:  
-  a  s ynt he t i c  vi s i on of  t he  i nt e r a c t i ons  of  t he  di f f e r e nt  i nf l ue nc e s  of  va r i ous  a s pe c t s  ( e nvi -
r onme nt , e ne r gy, mone y, e t c .)  a nd on nume r ous  di me ns i ons  of  s pa c e  a nd of  t i me ;  
-  t he  f a c t  t o be  s uppor t s  f or  t he  s t r a t e gi c  de c i s i ons , i n t he  pha s e  i n whi c h ma ny a l t e r na t i ve s  
mus t  be  e va l ua t e d a nd c onf r ont e d i n r e l a t i on wi t h di f f e r e nt  pa r a me t e r s  a nd wi t h va r i ous  
pol i c i e s .  
T he  r e s e a r c he s  pr e s e nt e d i n t he  f ol l owi ng pa r a gr a phs  r e pr e s e nt  t hr e e  di f f e r e nt  a ppr oa c he s  
t ha t  c oul d be  c ombi ne d i n or de r  t o c r e a t e  s uppor t s  f or  ope r a t or s  of  non r e s i de nt i a l  bui l di ngs  
( de s i gne r s , e ne r gy ma na ge r s , publ i c  a nd pr i va t e  r e a l  e s t a t e  owne r s , e t c .)  i n or de r  t o e va l ua t e  
a nd c onf r ont  f r om di f f e r e nt  poi nt s  of  vi e w t he  r e s ul t s  of  a l t e r na t i ve  s t r a t e gi e s  a nd t o a s s ume  de -
c i s i ons  on pos s i bl e  i mpr ove me nt  a c t i ons . 
2 ENERGY ASSESSM ENT  AND IM PROV EM ENT  OF EX IST ING BUILDINGS 
2.1 Aim of the research 
The research aims to develop a methodology to evaluate the energy behavior of existing buildings 
and to give some guidelines in the choice of the strategies for energy efficiency improvement by 
simulating combined solutions in different seasons. What is suggested is an analysis method able 
to guide the designer in the evaluation of different alternatives to improve the energy behavior fo-
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cusing on office buildings, a particular typology which presents some critical aspects including 
high values of energy consumption, high values of embodied energy, fast phenomena of function-
al/spatial/technological obsolescence, particular periods of occupation.  
T hi s  me t hodol ogy ha s  be e n t e s t e d on a  “ c a s e  s t udy”  l oc a t e d i n M i l a n, a  t ypi c a l  of f i c e  bui l d-
i ng of  1960, wi t h a  c ommon c ons t r uc t i on t ype  a nd wi t h a  l i t t l e  i s ol a t e d e nve l ope . T he  pr oj e c t  
f or  e ne r gy e f f i c i e nc y i mpr ove me nt  f ol l ows  f our  ma i n c a t e gor i e s  of  s t r a t e gi e s :  t he  r e duc t i on of  
t he  e nve l ope  t he r ma l  t r a ns mi t t a nc e  ( bot h opa que  a nd t r a ns pa r e nt  e l e me nt s ) , t he  r e duc t i on of  s o-
l a r  f a c t or , t he  a ppl i c a t i on of  s ol a r  s ha di ng s ys t e ms  a nd t he  i mpl e me nt a t i on of  ve nt i l a t i on ( f r e e  
c ool i ng) . T he  c hoi c e  of  t he  s t r a t e gy ha s  t o c ons i de r  bot h t he  s i t ua t i on i n wi nt e r  a nd s umme r :  i n 
f a c t , f or  e xa mpl e , s t r a t e gi e s  t ha t  r e duc e  t he  e ne r gy de ma nd i n wi nt e r  c oul d i nc r e a s e  e ne r gy de -
ma nd i n s umme r . 
2.2 Simulation method 
T he r e  a r e  t wo ba s i c  ma t he ma t i c a l  mode l s  t o a s s e s s  t he  e ne r gy r e qui r e me nt s  of  bui l di ngs :  t he  
f i r s t  one  i s  ba s e d on t he  s t a t i ona r y me t hod, whi c h c a l c ul a t e s  t he  t he r ma l  ba l a nc e  on a  l ong pe -
r i od of  t i me  ( t ypi c a l l y a  mont h or  a  s e a s on)  ne gl e c t i ng t he  he a t  s t or e d a nd r e l e a s e d f r om t he  
wa l l s  a nd whi c h t a ke s  i nt o a c c ount  dyna mi c  e f f e c t s  t hr ough a n e mpi r i c a l l y de t e r mi ne d f a c t or  of  
l os s  or  ga i n. T he  s e c ond mode l  i s  ba s e d on a  dyna mi c  me t hod, a nd i t  c a l c ul a t e s  t he  t he r ma l  ba l -
a nc e  on a  r e l a t i ve l y s hor t  pe r i od ( t ypi c a l l y one  hour )  a nd, unl i ke  t he  f i r s t  mode l , i t  t a ke s  i nt o 
a c c ount  t he  he a t  s t or e d a nd r e l e a s e d f r om t he  ma s s  c ons t r uc t i on.   
T he  c ompa r i s on of  t he  t wo mode l s  s hows  t ha t  t he  t wo me t hods  wor k i n a  di f f e r e nt  wa y a nd 
s o t he y r e t ur n di f f e r e nt  r e s ul t s  ( Fi gur e  1) .  
 
 
 
 
 
 
 
Figur e  1 .  W inte r  a nd  summe r  e ne r gy d e ma nd  ( Q h a nd  Q c )  o f a  sa mp le  c e ll o f the  o ffic e  b uild ing c a lc u-
la te d  b y s t a tio na r y a nd  d yna mic  simula tio n me tho d .  
 
Ene r gyPl us , de ve l ope d by t he  Uni t e d St a t e s  De pa r t me nt  of  Ene r gy ( DOE) , i s  t he  s of t wa r e  
us e d t o s i mul a t e  t he  bui l di ng i n dyna mi c  c ondi t i ons ;  i t  i s  ba s e d on a  ve r y s pe c i f i c  de s c r i pt i on of  
t he  c ons t r uc t i on by t he  us e r , r e ga r di ng e nve l ope  c ha r a c t e r i s t i c s  ( ge ome t r y, di s pl a y, t he r mo 
phys i c a l  c ha r a c t e r i s t i c s ) , pa r a me t e r s  of  us e  of  t he  bui l di ng ( numbe r  of  oc c upa nt s , ope r a t i on 
hour s  of  powe r  pl a nt s , de s i gn t e mpe r a t ur e )  a nd c l i ma t e  da t a . 
One  of  t he  pr obl e ms  i n us i ng dyna mi c  s i mul a t i on s of t wa r e  c onc e r ns  t he  c ons t r uc t i on pha s e  
of  t he  mode l  i n or de r  t o s t a r t  t he  s i mul a t i on, t ha t  s houl d de f i ne  a  ve r y de t a i l e d de s c r i pt i on of  
t he  bui l di ng t o ma ke  t he  r e s ul t s  c l os e r  t o r e a l i t y. T he  a ppr oa c h t e s t e d i n t hi s  r e s e a r c h a i ms  t o 
s i mpl i f y t he  pr oc e s s  of  c ons t r uc t i ng t he  mode l  t o a voi d s pe ndi ng a  l a r ge  a mount  of  r e s our c e s  on 
t he  i mpl e me nt a t i on of  t he  bui l di ng mode l .  It  ha s  be e n c hos e n t he  mor e  r e pr e s e nt a t i ve  por t i on 
of  t he  bui l di ng, a  " s a mpl e  c e l l " , pl a c e d i n s t r a t e gi c  l oc a t i ons  wi t hi n t he  bui l di ng. 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2 .  Sc he ma tic  p la nt o f the  “sa mp le  c e ll” .  
o ffi ce 
o ffi ce 
samp l e cel l  
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2.3 Results of synergic effects of combined solutions 
Int e r ve nt i ons  t ha t  s i mul a t e  t he  c e l l  t o i nc r e a s e  t he  e ne r gy pe r f or ma nc e  a r e  i l l us t r a t e d i n t he  
T a bl e  3. 
 
T a b le  3 .  Simula te d  so lutio ns.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I nte r ve ntio ns _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I nte r na l/E xte r na l insula tio n  
V e ntila te d  fa ç a d e  
M o r e  p e r fo r ming wind o ws 
Ap p lic a tio n o f ho r iz o nta l/ve r tic a l sha d ing “b r ise  so le il”  in summe r /winte r  
Sp r ing/summe r  night ve ntila tio n ( fr e e  c o o ling)  
O ve r ha ng  
Ro o f insula tio n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
Be f or e  t o s i m ul a t e  t he  e f f e c t s  of  c ombi ne d s ol ut i ons , i ndi vi dua l  i nt e r ve nt i ons  ha ve  be e n s i -
mul a t e d us i ng t he  s of t wa r e  Ene r gyPl us . T he  Fi gur e  3 a nd T a bl e  4 s how t he  mos t  s i gni f i c a nt  r e -
s ul t s . 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  3 .  I nd ivid ua l inte r ve ntio ns: c o mp a r iso n b e twe e n the  e ne r gy d e ma nd  in winte r  ( Q h)  a nd  summe r  
( Q c )  o f the  sa mp le  c e ll,  sa mp le  c e ll with inte r na l insula tio n,  sa mp le  c e ll with a  summe r  night ve ntila tio n,  
sa mp le  c e ll with mo r e  p e r fo r ming wind o ws,  a nd  sa mp le  c e ll with sha d ing “b r ise  so le il”  in summe r .  
 
T a b le  4 .  E ne r gy sa vings.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I nte r ve ntio n                                                    E ne r gy sa vings _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I nte r na l insula tio n                                          1 0 . 5 %   in winte r             3 . 3 1 %   in summe r  
Summe r  nig h t ve ntila tio n                               0 %        in winte r             2 4 . 3 %   in summe r  
M o r e  p e r fo r ming wind o ws                             1 5 . 7 %   in winte r             9 . 8 %     in summe r  
Ap p lic a tio n o f b r ise  so le il in summe r             0 . 3 6 %   in winte r             5 5 . 6 %   in summe r  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
Af t e r  t ha t , c ombi ne d s ol ut i ons  ha ve  be e n s i mul a t e d l ooki ng f or  i mpr ove me nt s  f or  bot h he a t -
i ng a nd c ool i ng de ma nd. T he  mos t  e f f e c t i ve  s ol ut i on ha s  t r i e d t o f i nd a  ba l a nc e  be t we e n t he  r e -
duc t i on of  t he  e ne r gy ne e d i n wi nt e r  a nd i n s umme r ;  t he  i nt e r ve nt i ons  t ha t  ha ve  be e n s i mul a t e d 
i n t hi s  be s t  s ol ut i on a r e :  r oof  i ns ul a t i on, i nt e r na l  i ns ul a t i on, a ppl i c a t i on of  br i s e  s ol e i l , r e pl a c e -
me nt  of  wi ndows . 
 
 
 
 
 
 
 
Figur e  4 .  Co mp a r iso n b e twe e n the  e ne r gy d e ma nd  in winte r  ( Q h)  a nd  summe r  ( Q c )  o f the  sa mp le  c e ll with 
o r  witho ut  so lutio ns o f e ne r gy r e tr o fit 
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T he  r e s ul t s  of  t he  be s t  s i mul a t i on s how t ha t  i t  c oul d be  pos s i bl e  t o a c hi e ve  a n e ne r gy s a vi ng 
of  26%  i n wi nt e r  a nd 57%  i n s umme r . It  i s  i mpor t a nt  t o c ons i de r  t he  s yne r gi c  e f f e c t  of  t he  i n-
t e r ve nt i ons  t o a c hi e ve  mor e  s i gni f i c a nt  e ne r gy s a vi ngs  i n a l l  s e a s ons . 
2.4 Methodology 
In t he  T a bl e  5 t he  ma i n s t e ps  of  t he  me t hod ha ve  be e n s umma r i ze d. T hi s  pr oc e dur e  i s  ma i nl y 
i ndi c a t e d t o of f i c e  bui l di ngs , be c a us e  of  t he i r  pa r t i c ul a r  s pa t i a l  di s t r i but i on t ha t  a l l ows  f or  t he  
i de nt i f i c a t i on of  s a mpl e  c e l l s . 
 
T a b le  5 .  M a in ste p s o f the  me tho d  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Ste p         D e sc r ip tio n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 .     D a ta  a c q uisitio n 
2 .     Sa mp l ing 
3 .     D yna mic  simula tio n o f the  sa mp le  c e ll 
4 .     Stud y o f str a te gie s fo r  up gr a d ing e ne r gy 
5 .     D yna mic  simula tio n o f so lutio ns o n the  sa mp le  c e ll 
6 .     Co mp a r iso n o f simula tio n r e sults   _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
2.5 Work in progress 
Fol l owi ng t he  pr e s e nt e d r e s e a r c h, t wo di f f e r e nt  e xpe r i me nt a l  r e s e a r c he s  a r e  now de ve l opi ng.  
T he  f i r s t  one  a na l yze s  a n e xi s t i ng e xhi bi t i on pa vi l i on. In t hi s  c a s e  i t  ha s  not  be e n ne c e s s a r y 
t o c ons i de r  s a mpl e  c e l l s  t o s i mul a t e  s ol ut i ons  be c a us e  i t  i s  a n ope n s pa c e . M or e ove r , s i mul a t i ng 
t he  whol e  bui l di ng, i t  i s  pos s i bl e  t o c ompa r e  t he  r e s ul t s  i n t e r m of  e ne r gy c ons umpt i ons  wi t h 
t he  r e a l  t ot a l  c ons umpt i on of  t he  bui l di ng, s o t he  mode l  us e d t o s i mul a t e  di f f e r e nt  s ol ut i ons  i s  
c l os e r  t o r e a l i t y. T hi s  t ype  of  bui l di ng i s  ve r y di f f e r e nt  f r om of f i c e  bui l di ngs , e s pe c i a l l y f or  i t s  
pe r i ods  of  oc c upa t i on:  i nde e d t he r e  a r e  pe r i ods  of  c onc e nt r a t e d oc c upa t i on dur i ng e ve nt s  a nd 
pe r i ods  ( be t we e n t wo e ve nt s )  i n whi c h t he r e  a r e  no pe opl e . 
T he  s e c ond s t udy t ha t  i s  s t a r t i ng a i ms  t o qua nt i f y t he  e nvi r onme nt a l  i mpa c t s  of  a n i nt e r ve n-
t i on of  e ne r gy r e t r of i t  by t he  a ppl i c a t i on of  LCA “ Li f e  Cyc l e  As s e s s me nt ”  me t hods  a nd t ool s  
a nd t he  LCGCA “ Li f e  Cyc l e  Gr e e n Cos t  As s e s s me nt ” , t ha t  i s  pr e s e nt e d he r e a f t e r . 
3 LIFE CYCLE GREEN COST  ASSESSM ENT  OF A HEAT ING AND COOLING 
GEOT HERM AL PLANT  IN A LARGE NON RESIDENT IAL BUILDING 
3.1 The reason for a Life Cycle Cost Assessment including environmental issues 
In t he  l a s t  ye a r s , t he  i nt e r e s t  f or  t he  l i f e  c yc l e  c os t  a s s e s s me nt  ( LCCA)  of  bui l di ng pr oj e c t s  
ha s  gr own up due  t o di f f e r e nt  r e a s ons :  
-  t he  c ont i nuous  i nc r e a s e  of  e ne r gy c os t  f or  he a t i ng a nd a i r  c ondi t i oni ng;  
-  t he  i nc r e a s e  i n c os t s  f or  ot he r  ut i l i t i e s  ( e .g. e l e c t r i c i t y, wa t e r  s uppl y, ...) ;  
-  t he  c l e a r  pe r c e pt i on t ha t  ope r a t i ng c os t s , ove r  t he  l i f e  c yc l e  of  t he  bui l di ng, a r e  muc h 
hi ghe r  t ha n c ons t r uc t i on c os t s ;  
-  t he  r e qui r e me nt s  f r om l a ws  a nd r e gul a t i ons  t ha t  a s k t o t he  a r c hi t e c t s  a nd t he  de s i gne r s  t o 
de s i gn bui l di ng t a ki ng i nt o a c c ount  t he  whol e  l i f e  c os t  a nd not  onl y t he  c ons t r uc t i on c os t . 
For  i ns t a nc e , t he  It a l i a n l a w on publ i c  c ont r a c t s  ( De c r e e  559/ 94)  e xpl i c i t l y r e qui r e s  t he  
a r c hi t e c t s  t o “ de s i gn bui l di ngs  wi t h t he  obj e c t i ve  t o obt a i n t he  be t t e r  r a t i o be t we e n t he  
e xpe c t e d pe r f or ma nc e s  a nd t he  whol e  l i f e c yc l e  c os t  ( i nc l udi ng c ons t r uc t i on, ope r a t i on 
a nd ma i nt e na nc e ” . 
LCCA i s  ba s i c a l l y a  me t hod ( Ful l e r  S., Pe t e r s e n S., 1995)  f or  t he  e c onomi c  e va l ua t i on of  
pr oj e c t s  ( e s pe c i a l l y a l t e r na t i ve  pr oj e c t s )  t a ki ng i nt o a c c ount  a l l  t he  c os t s  a r i s i ng f r om t he  a c qui -
s i t i on, t he  owne r s hi p, t he  ope r a t i on, t he  ma i nt e na nc e , t he  de c ommi s s i oni ng a nd t he  de mol i t i on 
of  a  bui l di ng or  a  pa r t  of  i t . For  pr a c t i c a l  r e a s on, t he  s t r uc t ur e  of  LCCA c os t s  c a n be  de s c r i be d 
a s  f ol l ows :  
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-  i ni t i a l  c os t s  ( e .g. f e a s i bi l i t y s t udi e s , f i na nc i ng, de s i gn, pe r mi t s , l a nd a c qui s i t i on, c ons t r uc -
t i on, ha ndove r , ...) ;  
-  ope r a t i on c os t s  ( e .g. a dmi ni s t r a t i on [ t a xe s , i ns ur a nc e s , ...] , ope r a t i ona l  c os t s  [ e ne r gy, ut i l -
i t i e s , s a f e t y, ...] , ma i nt e na nc e  c os t s  [ ma i nt e na nc e , i ns pe c t i on, c l e a ni ng, ...] ) ;  
-  f i na l  c os t s  ( e .g. de c ommi s s i oni ng, de mol i t i on, di s pos a l , r e s a l e  va l ue  ( t o be  s ubt r a c t e d i f  
pr e s e nt ) , ...) . 
In t he  l a s t  de c a de , di f f e r e nt  r e s e a r c he r s  s t a r t e d t o e xpe r i me nt  t he  a ppl i c a t i on, t o t he  ma i n 
s t r uc t ur e  of  LCCA, of  a ddi t i ona l  e c onomi c  f a c t or s  t ha t  ha ve  be e n i de nt i f i e d i n r e l a t i ons hi p wi t h 
t he  e nvi r onme nt a l  i s s ue s  a s s oc i a t e d t o t he  bui l di ng c ons t r uc t i on a nd ope r a t i on;  t he  LCGCA 
“ Li f e  Cyc l e  Gr e e n Cos t  As s e s s me nt ”  ha s  be e n i nt r oduc e d ( Li j i ng G., 2008)  a s  a  ne w me t hod of  
e va l ua t i on of  bui l di ngs  dur i ng t he i r  l i f e c yc l e  wi t h t he  obj e c t i ve  t o i nt e gr a t e  t wo di f f e r e nt  a p-
pr oa c he s :  
-  a  pur e l y e c onomi c a l  e va l ua t i on de ve l ope d wi t h t he  me t hod of  Li f e  Cyc l e  Cos t  Ana l ys i s ;  
-  a  pur e l y e nvi r onme nt a l  e va l ua t i on de ve l ope d wi t h t he  me t hod of  Li f e  Cyc l e  As s e s s me nt  
a s  de f i ne d by i nt e r na t i ona l  s t a nda r ds  ISO of  14000 s e r i e s  ( e s pe c i a l l y ISO 14040, ISO 
14041, ISO 14042) . 
T he  r e a s ons  f or  t hi s  i nt e gr a t i on de r i ve  f r om t he  c ons c i ous ne s s  t ha t  e nvi r onme nt a l  i s s ue s  
( K oe ppe l  S., e t  a l ., 2007)  a r e  be c omi ng i mpor t a nt  a l s o f r om a n e c onomi c  poi nt  of  vi e w:  i n t hi s  
pe r s pe c t i ve  t he  de f i ni t i on of  f i s c a l  pol i c i e s , e .g. t he  s o c a l l e d “ c a r bon t a x” , or  t he  pos s i bi l i t y t o 
ma na ge  e c onomi c a l l y t he  e nvi r onme nt a l  e xt e r na l i t i e s  c a n be  c ons i de r e d a s  r e f e r e nc e s  t o modi f y 
a nd i mpr ove  t he  t r a di t i ona l  LCCA me t hod a nd e va l ua t i on t e c hni que s ) . 
3.2 An experimental analysis of a geothermal plant 
St a r t i ng f r om a n e xi s t i ng mode l  f or  LCGCA ( Li j i ng G., 2008) , a  mode l  ha s  be e n s e t  up wi t h t he  
obj e c t i ve  t o e va l ua t e  t he  LCGCA of  a  HV AC pl a nt , l oc a t e d i n a  l a r ge  non r e s i de nt i a l  bui l di ng 
i n nor t h It a l y;  a s s umi ng t ha t  LCCA/ LCGCA a r e  ba s i c a l l y me t hods  t o c ompa r e  e a c h ot he r  di f -
f e r e nt  a l t e r na t i ve s , t he  e xpe r i me nt a t i on ha s  be e n de ve l ope d t o c ompa r e  t wo a l t e r na t i ve  pl a nt  
de s i gn:  
-  a n i nnova t i ve  HV AC s ys t e m wi t h he a t  pumps  c onne c t e d t o a  l a r ge  ge ot he r ma l  i ns t a l l a -
t i on a s s ur i ng wi nt e r  he a t i ng a nd s umme r  c ool i ng;  
-  a  t r a di t i ona l  HV AC s ys t e m wi t h ga s  boi l e r  f or  wi nt e r  he a t i ng a nd a i r  c onde ns e d c hi l l e r s  
f or  s umme r  c ool i ng. 
A s pe c i f i c  LCGCA mode l  ha s  be e n pr e pa r e d f or  t hi s  c a s e  s t udy a ddi ng t o t he  us ua l  c ompo-
ne nt s  of  LCCA ( t r a di t i ona l l y c a l l e d “ i nput  c os t s ” )  t he  f ol l owi ng i t e ms :  
-  Eve nt  r e l a t e d c os t s :  i n t hi s  c a t e gor y t wo ma i n c os t s  ha ve  be e n c ons i de r e d:  C dow n  =  t ot a l  
c os t  of  l os t  or  de f e r r e d pr oduc t i on due  t o downt i me  of  t he  pl a nt ;  C ris k  =  t ot a l  c os t  due  t o 
une xpe c t e d a nd da nge r ous  e ve nt s  ( e .g. e xpl os i on, s oi l  or  wa t e r  pol l ut i on, ...)  
-  Envi r onme nt  r e l a t e d c os t s / be ne f i t s :  i n t hi s  c a t e gor y t he  a mount  of  c a r bon di oxi de  e mi s -
s i ons  ha s  be e n a c c ount e d wi t h r e f e r e nc e  t o di f f e r e nt  l i f e  s t a ge s :  CO 2ma t :  t onne s  of  CO 2  
e qui va l e nt  t o t he  e ne r gy i nc or por a t e d i n t he  ma t e r i a l s  us e d f or  t he  f a br i c a t i on of  t he  
pl a nt s  e qui pme nt s ;  CO 2c s tr :  t onne s  of  CO 2  e qui va l e nt  t o t he  e ne r gy i nc or por a t e d i n t he  
c ons t r uc t i on pr oc e s s  of  t he  pl a nt s ;  CO 2ope r :  t onne s  of  CO 2  e mi s s i ons  ove r  t he  ope r a t i on 
s t a ge  of  t he  pl a nt s ;  CO 2dis :  t onne s  of  CO 2  e qui va l e nt  t o t he  e ne r gy i nc or por a t e d i n t he  
di s pos a l  pr oc e s s  of  t he  pl a nt s . W i t h t he  a i m of  e va l ua t i ng t he  a l t e r na t i ve  be t we e n t he  t r a -
di t i ona l  HV AC pl a nt  a nd t he  i nnova t i ve  ge ot he r ma l  pl a nt , t he  a c c ount i ng of  CO 2  e mi s -
s i ons  ha s  be e n c ons i de r e d not  a s  a  c os t  but  a s  a  be ne f i t :  t he  hypot he s i s  i s  t ha t  t he  us e  of  
t he  ge ot he r ma l  pl a nt  c a n r e duc e  t he  c a r bon di oxi de  e mi s s i ons  a nd, t he r e f or e , t he  CO 2  
s a vi ngs  c oul d be  e va l ua t e d a s  CER ( c e r t i f i e d e mi s s i ons  r e duc t i ons )  t ha t  c oul d t he or e t i -
c a l l y be  t r a de d a t  a  de f i ne d va l ue  r e duc i ng t he  whol e  l i f e  c os t  of  t he  a l t e r na t i ve  t e c hni c a l  
s ol ut i on. 
-  Cor por a t e  i ma ge  r e l a t e d c os t s / be ne f i t s :  t hi s  c os t  c ompone nt  ha s  t he  obj e c t i ve  t o a c c ount  
f or  t he  be ne f i t  or  c os t s  t ha t  t he  c ompa ny ( t ha t  ope r a t e s  t he  bui l di ng i n whi c h t he  pl a nt  
mus t  be  i ns t a l l e d)  ma y r e c e i ve  f r om t he  i ns t a l l a t i on a nd us e  of  a n “ e nvi r onme nt a l  f r i e nd-
l y”  t e c hnol ogy. T hi s  c os t  c ompone nt , howe ve r  di f f i c ul t  t o be  c or r e c t l y e s t i ma t e d ( Aa ke r  
D.A., 1991) , c oul d be  s i gni f i c a nt  i n c a s e  of  bui l di ngs  us e d f or  a c t i vi t i e s  di r e c t l y of f e r e d 
t o c ons ume r s  ( e .g. hos pi t a l i t y, r e t a i l  bui l di ngs  a nd s hoppi ng ma l l s , r e s t a ur a nt s , ...) . 
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T he  a na l ys i s  ha s  be e n de ve l ope d a s s umi ng a  s e r vi c e  l i f e  of  t he  bui l di ng of  20 ye a r s  a l s o i f  
t he s e  a s s umpt i on i s  pa r t i c ul a r l y puni s hi ng f or  t he  ge ot he r ma l  pl a nt  t ha t  ha s  a n i ni t i a l  c os t  ve r y 
hi gh of  t he  e xc ha nge r  wi t h t he  gr ound ( t he  e xc ha nge  s e c t i on of  t he  pl a nt  t o be  r e a l i ze d wi t h 
ve r t i c a l  pr obe s  wi t h a n a ve r a ge  he i ght  of  a bout  230 f e e t ) ;  t he  c hoi c e  ha s  be e n ma de  by a na l yz-
i ng t he  s e r vi c e  l i f e  of  s i mi l a r  bui l di ngs  be f or e  t he i r  c ompl e t e  r e f ur bi s hme nt . In or de r  t o ma na ge  
t hi s  pa r t i c ul a r  s i t ua t i on, c ons i de r i ng t ha t  t ha t  t he  e xc ha nge  s e c t i on ha s  not  t he or e t i c a l l y de f i ne d 
l i mi t s  t o i t s  s e r vi c e  l i f e , t hr e e  hypot he s i s  ha ve  be e n ma de :  
-  r e -us e  of  t he  ge ot he r ma l  pl a nt  a t  t he  r e f ur bi s hme nt  of  t he  bui l di ng a f t e r  20 ye a r s ;  
-  di s pos a l  of  t he  e nt i r e  bui l di ng wi t h i t s  pl a nt ;  
-  r e s a l e  of  t he  ge ot he r ma l  e xc ha nge  s e c t i on t o ot he r  bui l di ngs  t ha t  a r e  i n pr oxi mi t y. 
T he  e s t i ma t i on of  t he  i ni t i a l  c os t  of  t he  t wo a l t e r na t i ve  pl a nt s  ha s  be e n ma de  i nc l udi ng a l l  t he  
t e c hni c a l  a nd a dmi ni s t r a t i ve  c os t s  ( l ump s um – t ur n ke y) ;  t he  ge ot he r ma l  pl a ns  ha s  be e n quot e d 
by c ont r a c t or s  ( by me a ns  of  r e que s t s  f or  pr opos a l )  i n a  r a nge  va r yi ng be t we e n 1200 a nd 1500 
k€. T he  ope r a t i ona l  a nnua l  c os t s  –  i nc l udi ng a dmi ni s t r a t i ve  c os t , ut i l i t i e s , e ne r gy, ma i nt e na nc e  
– ha s  be e n e s t i ma t e d a t  59 k€/ ye a r  f or  t he  ge ot he r ma l  pl a nt  a nd a t  145 k€/ ye a r  f or  t he  t r a di t i on-
a l  pl a nt  ba s e d on c ompa r i s on wi t h e xi s t i ng s i mi l a r  bui l di ng a nd pl a nt s . 
T he  e nvi r onme nt a l  c os t  ha s  be e n c a l c ul a t e d a s  t he  a ddi t i on of  t wo pa r t s :  one  pa r t  e s t i ma t e d 
a s s umi ng t he  pos s i bi l i t y t o s e l l  t he  CER ( t ha t  i s  now not  a l l owe d by t he  Eur ope a n Emi s s i ons  
T r a di ng Sc he me  t ha t  c a n be  a c c e s s e d onl y by f e w s ubj e c t s  c onc e r ne d wi t h s pe c i f i c  e mi s s i on 
pr oc e s s e s  a s  e l e c t r i c i t y pr oduc t i on, c e me nt  pl a nt s , ...) ;  t he  ot he r  pa r t s  e s t i ma t e d i n a c c or di ng t o 
t he  It a l i a n l a w t ha t  pr omot e s  e ne r gy s a vi ng  wi t h t he  t r a di ng of  t he  s o c a l l e d “ whi t e  c e r t i f i c a t e s ”  
or  T EE “ Ene r gy Ef f i c i e nc y T i t l e ”  ( 1 T EE i s  a s s i gne d f or  t he  c e r t i f i c a t e d e ne r gy s a vi ng of  1 
t onn of  oi l ) . As s umi ng t he  va l ue  of  t he  CER a t  20 € pe r  t on of  CO 2  ( a t  t he  t i me  of  t he  a na l ys i s  
t ha t  ha s  be e n pe r f or me d i n e a r l y 2009)  a nd t he  va l ue  of  1 T EE a t  100 €, a  be ne f i t  of  a bout  9500 
€/ ye a r  ha s  be e n e s t i ma t e d f or  t he  ge ot he r ma l  pl a nt  c ompa r e d t o t he  t r a di t i ona l  pl a nt .  
As  a  r e s ul t  of  t he s e  a na l ys i s , t he  t wo a l t e r na t i ve s  ha ve  be e n c ompa r e d a nd t he  ge ot he r ma l  
pl a nt , wi t h a n i ni t i a l  i nve s t me nt  c os t  f our  t i me s  hi ghe r  t ha t  t he  t r a di t i ona l  one , ha s  r e s ul t e d t o 
be  mor e  c onve ni e nt  ove r  t he  l i f e  c yc l e  of  t we nt y ye a r s  wi t h a  pe r f or ma nc e  i n c os t  s a vi ng ( r e -
s pe c t  t o t he  t r a di t i ona l  pl a nt )  va r yi ng f r om 19,5 %  ( c a s e  of  di s pos a l  of  t he  ge ot he r ma l  e xc ha ng-
e r )  t o 30 %  s a vi ngs  ( i n c a s e  of  r e -us e  of  t he  ge ot he r ma l  e xc ha nge r  f or  a  ne w bui l di ng) .  
4 ACCOUNT ING CRIT ERIA FOR CARBON DIOX IDE EM ISSIONS IN BUILDING 
M ANAGEM ENT  
4.1 The general framework 
T he  l a s t  r e s e a r c h pr e s e nt e d i n t he  pa pe r  de a l s  wi t h t he  s e t t i ng of  a  mode l  f or  t he  a c c ount i ng of  
CO 2  e mi s s i ons  i n bui l di ng ope r a t i on a nd ma na ge me nt  c ons i de r i ng a l l  t he  pos s i bl e  s our c e s  of  
gr e e nhous e  ga s e s . T he  obj e c t i ve  wa s  t o de f i ne  a  t ool  t o c ompa r e  t he  e f f e c t i ve  c ont r i but i on of  
bui l di ngs , a nd t he i r  r e l a t e d a c t i vi t i e s , t o CO 2  e mi s s i ons  t ha t  a r e , s o f a r , ma i nl y a s s oc i a t e d t o t he  
e ne r gy us e  i n bui l di ngs  wi t hout  c ons i de r i ng ot he r  a c t i vi t i e s  t ha t  a r e  s ome t i me s  of  t he  s a me  i m-
por t a nc e .  
T o t hi s  a i m, a  ge ne r a l  mode l  f or  CO 2  a c c ount i ng i n bui l di ng ha s  be e n de f i ne d s t a r t i ng f r om 
t he  c r i t e r i a  s t a t e d by ISO 14064 s t a nda r ds  wi t h t he  i de nt i f i c a t i on of  a l l  t he  pos s i bl e  s our c e s  a nd 
s i nks  of  GHG i n bui l di ngs ;  t he  mode l  ha s  a l s o be e n c ompa r e d t o t he  a c c ount i ng c r i t e r i a  of  
GHG de f i ne d by t he  Eur ope a n Emi s s i on T r a di ng Sc he me  EET S. 
4.2 The model and the experimentation 
St a r t i ng f r om t he  i de nt i f i c a t i on of  GHG s our c e s  i n bui l di ng, t he  a c c ount i ng me t hod ha s  be e n 
de f i ne d a nd di f f e r e nt  “ a c c ount i ng a r e a s ”  ha ve  be e n i de nt i f i e d:  
-  Di r e c t  e mi s s i ons  due  t o t he  c ombus t i on of  f os s i l  f ue l  f or  he a t i ng a nd dome s t i c  hot  wa t e r ;  
-  Indi r e c t  e mi s s i ons  due  t o t he  us e  of :  e l e c t r i c i t y ( f or  a i r  c ondi t i oni ng a nd c ool i ng, f or  
l i ght i ng, f or  a uxi l i a r y s ys t e ms  a s  l i f t s , pumps ,… ) , s t e a m or  di s t r i c t  he a t i ng f r om c om-
bi ne d ge ne r a t i on pl a nt s ;  
-  Emi s s i ons  due  t o t he  pr oduc t i on of  M SW  M uni c i pa l  Sol i d W a s t e ;  
-  Emi s s i ons  due  t o pr oduc t i on of  dome s t i c  wa s t e wa t e r ;  
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-  Compe ns a t i on ( a bs or pt i on)  due  t o t he  pr e s e nc e  of  c a r bon s i nk ( a s  gr e e n a r e a s  pe r t i ne nt  t o 
t he  bui l di ng) . 
For  e a c h a c c ount i ng a r e a , di f f e r e nt  t ool s  t o c a l c ul a t e  t he  GHG qua nt i t i e s  ha ve  be e n i de nt i -
f i e d a nd a na l yze d i n or de r  t o me r ge  i n a  s i ngl e  me t hod t ool s  t ha t  a r e  de f i ne d f r om di f f e r e nt  
s c i e nt i f i c  di s c i pl i ne s . T he  me t hod ha s  t he n be e n t e s t e d on a  l a r ge  l a nd s e t t l e me nt  ( 2 mi l l i ons  
s qm of  a r e a , 500000 s qm of  gr os s  f l oor  s ur f a c e , ma j or  pa r t s  of  he a t i ng pr ovi de d by a  di s t r i c t  
he a t i ng c ombi ne d he a t  a nd powe r  pl a nt )  ma i nl y i n or de r  t o e va l ua t e  t he  r e l a t i ve  i mpor t a nc e , r e -
s pe c t  t o t he  di r e c t  e mi s s i ons , of  i ndi r e c t  e mi s s i ons  a nd of  t he  e mi s s i on due  t o wa s t e wa t e r  a nd 
s ol i d wa s t e ;  t he  r e a s on f or  t hi s  a na l ys i s  i s  a l s o r e l a t e d t o t he  f a c t  t ha t  t he  a ppl i c a t i on of  t he  
EET S a c c ount i ng me t hod t o a  bui l di ng s houl d not  i nc l ude  t he  i ndi r e c t  e mi s s i ons  a nd, t he r e f or e , 
t he  obj e c t i ve  wa s  a l s o t o e va l ua t e  t he  pos s i bl e  mi s t a ke s  i n a s s e s s i ng GHG e mi s s i on f r om bui l d-
i ngs  wi t hout  c ons i de r i ng i ndi r e c t  e mi s s i ons . 
T he  r e s ul t s  of  t he  a s s e s s me nt  of  t he  l a nd s e t t l e me nt  s hows  t he  i mpor t a nc e  of  i ndi r e c t  e mi s -
s i ons , ma i nl y f or  e l e c t r i c i t y c ons umpt i on, a nd of  e mi s s i ons  due  t o s ol i d wa s t e s  ( t a bl e  6)  
 
T a b le  6 .  C a r b o n d io xid e  e missio ns ( to ns)  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
So ur c e          E missio ns   p e r c e nta ge  o n who le  e missio ns _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
e le c tr ic ity   2 1 5 8 7       7 8 % 
so lid  wa ste    3 7 9 8        1 4 % 
wa ste wa te r    2 1 6        1 % 
he a ting    2 1 3 6        8 % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
5 CONCLUSIONS 
T he  t hr e e  r e s e a r c h a r e a s  t ha t  ha ve  be e n s ynt he t i c a l l y s umma r i ze d i n t hi s  pa pe r , s how t he  i mpor -
t a nc e  of  a n or ga ni c  a ppr oa c h t o t he  e nvi r onme nt a l  a s s e s s me nt  of  non r e s i de nt i a l  bui l di ng t ha t  
a r e  a s s oc i a t e d t o s pe c i f i c  pr oc e s s e s  t ha t  ma y ge ne r a t e  l a r ge  qua nt i t i e s  of  GHG e mi s s i ons . T he  
i mpor t a nc e  of  t hi s  a s s e s s me nt  i s  r e l a t e d t o t he  f a c t  t ha t  bui l di ng s e c t or  c a n c ont r i but e  s i gni f i -
c a nt l y t o c a r bon di oxi de  e mi s s i ons  r e duc t i on due  t o:  t he  s i gni f i c a nt  qua nt i t y of  e ne r gy us e d by 
e xi s t i ng bui l di ngs ;  t he  ge ne r a t i on of  s ol i d wa s t e  a nd wa s t e wa t e r  a s s oc i a t e d t o bui l di ng us e  t ha t  
i mpa c t  on GHG e mi s s i ons ;  t he  ba d pe r f or ma nc e , c onc e r ni ng e ne r gy s a vi ng, of  t he  l a r ge  a mount  
of  bui l di ngs  bui l t  be t we e n 50’ s  a nd 80’ s  t ha t  c oul d be  s i gni f i c a nt l y i mpr ove d wi t h l ow e f f or t . 
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1  I NTRO DUCTI O N  
 
Th e u s e o f  gr een  v er tical s ys tem s ,  w ell d es ign ed  an d  m an aged ,  can  b e a u s ef u l to o l f o r  th er m al 
r egu latio n  o f  b u ild in gs  w ith  in ter es tin g en er gy s av in gs  ( Kö h ler  2008) .  Bu t in  ev alu atin g th e p o -
ten tial o f  th es e s ys tem s  as  p as s iv e s ys tem s  f o r  en er gy s av in gs  in  b u ild in gs  th e f o llo w in g as p ects  
m u s t b e co n s id er ed .   
F ir s t th e typ e o f  gr een  v er tical s ys tem ,  as  th er e ar e s ign if ican t d if f er en ces  b etw een  s ys tem s .  Th e 
co n s tr u ctio n  s ys tem ,  th e typ e o f  p lan ts ,  th e m ain ten an ce,  th e o p er atio n ,  v ar y am o n g s ys tem s  
( Tab le 1) ,  an d  th es e w ill af f ect th eir  b eh av io u r  as  p as s iv e en er gy s av in g s ys tem s  ( P ér ez et al 
2010) .  
S eco n d ,  th e p ar am eter s  th at in f lu en ce th eir  b eh av io u r  m u s t b e co n s id er ed  ( Tab le 2) .  Bas ically,  
th er e ar e f o u r  f u n d am en tal m ech an is m s  th at ch ar acter is e gr een  v er tical s ys tem s  as  a p as s iv e 
s ys tem  f o r  en er gy s av in gs : th e in ter cep tio n  o f  s o lar  r ad iatio n  b y th e ef f ect o f  th e s h ad o w  p r o -
d u ced  b y th e v egetatio n  ( P ap ad ak is  et al 2001,  S tec et al 2004,  Miller  et al 2005,  Ho yan o  1988) ,  
th e th er m al in s u latio n  p r o v id ed  b y v egetatio n  an d  s u b s tr ate ( P ap ad ak is  et al 2001,  Ho yan o  
1988) ,  th e ev ap o r ativ e co o lin g th at o ccu r s  b y ev ap o tr an s p ir atio n  f r o m  th e p lan ts  an d  th e s u b -
s tr ate ( P ap ad ak is  et al 2001,  Miller  et al 2005,  S ch m id t 2006) ,  an d  f in ally,  th r o u gh  th e v ar iatio n  
o f  th e ef f ect o f  th e w in d  o n  th e b u ild in g ( Din s d ale et al 2006,  O ch o a 1999) .   
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ABS TRACT: I n  ev alu atin g th e p o ten tial o f  th e gr een  v er tical s ys tem s  as  p as s iv e s ys tem s  f o r  
en er gy s av in gs  in  b u ild in gs  w e m u s t co n s id er  s o m e im p o r tan t as p ects .  F ir s t,  th e typ e o f  gr een  
v er tical s ys tem ,  as  th er e ar e s ign if ican t d if f er en ces  am o n g s ys tem s .  Th e co n s tr u ctio n  s ys tem ,  
th e typ es  o f  p lan ts ,  th e m ain ten an ce,  th e o p er atio n ,  v ar y am o n g s ys tem s .  S eco n d ,  th e p ar am e-
ter s  th at in f lu en ce th eir  b eh av io u r  m u s t b e co n s id er ed .  Bas ically,  th e in ter cep tio n  o f  s o lar  r ad ia-
tio n  b y th e ef f ect o f  th e s h ad o w  p r o d u ced  b y th e v egetatio n ,  th e th er m al in s u latio n  p r o v id ed  b y 
v egetatio n  an d  s u b s tr ate,  th e ev ap o r ativ e co o lin g th at o ccu r s  b y ev ap o tr an s p ir atio n  f r o m  th e 
p lan ts  an d  th e s u b s tr ate,  an d  th r o u gh  th e v ar iatio n  o f  th e ef f ect o f  th e w in d  o n  th e b u ild in g.  F i-
n ally,  it is  im p o r tan t to  co n s id er  th at f o r  th e ef f icien t o p er atio n  o f  th es e s ys tem s  it is  es s en tial to  
k n o w  th e b eh av io u r  o f  th e d if f er en t s p ecies  in  lo cal w eath er  co n d itio n s .  Acco r d in g to  th es e 
co n s id er atio n s ,  a lo n g- ter m  w o r k  h as  b een  r ais ed  in  o r d er  to  o b tain  d ata o n  th e b eh av io u r  o f  
gr een  f acad es  in  b u ild in gs  as  a p as s iv e s ys tem  f o r  en er gy s av in gs  in  d r y Med iter r an ean  co n ti-
n en tal clim ate.  Th is  w o r k  p r es en ts  th e r es u lts  o f  a year  m o n ito r in g a d o u b le- s k in  gr een  f acad e 
( als o  called  gr een  cu r tain ) ,  m ad e w ith  m o d u lar  tr ellis  an d  w is ter ia s in en s is  in  th e v illage o f  
Go lm és ,  n ear  to  Lleid a city ( Catalo n ia,  S p ain ) . Th e f ir s t r es u lts  co n f ir m  th e gr eat ab ility to  p r o -
v id e s h ad e f r o m  th e gr een  cu r tain  an d  th at th e air  in  th e in ter m ed iate s p ace is  ch an ged ,  cr eatin g 
a m icr o clim ate w h er e en v ir o n m en tal co n d itio n s  ar e; h igh er  tem p er atu r e an d  lo w er  r elativ e h u -
m id ity in  w in ter  ( leaf les s  p er io d ) ,  an d  lo w er  tem p er atu r e an d  h igh er  h u m id ity in  s u m m er  ( p e-
r io d  w ith  leav es ) .  
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Tabl e 1 . Cl assi fi cat i o n o f green vert i cal  syst ems o f bu i l di ngs. 
 E xt ensi ve s yst ems  Int ensi ve syst ems 
Tradi t i o nal  Green F acades   
Mo du l ar t rel l i s  
Wi red  Do u bl e-ski n green facade o r green cu rt ai n 
Mesh  
Green facades 
  P eri met er fl o werpo t s 
  P anel s 
Li vi ng wal l s 
  Geo t ext i l e fel t  
 
 
Tabl e 2 . P aramet ers t hat  i nfl u ence i n t he behavi o u r o f t he green vert i cal  syst ems as passi ve energy-savi ng 
syst ems. 
Int ercept i o n o f so l ar 
radi at i o n. Shado w 
Thermal  i nsu l at i o n and st o r-
age 
E vapo rat i ve co o l i ng 
 
Vari at i o n o f t he effect  o f 
t he wi nd 
Densi t y o f t he fo l i age 
(nu mber o f l ayers) 
 
Densi t y o f t he fo l i age (nu m-
ber o f l ayers) 
Changes i n t he ai r i n t he i n-
t ermedi at e space 
Barri er effect  o f wi nd 
Substrate: thickness, bulk 
density and moisture con-
tent.* 
Type o f pl ant   
E xhi bi t i o n  
Cl i mat e (dry /  wet ) 
Wi nd speed 
Substrate moisture* 
 
Densi t y o f t he fo l i age 
(nu mber o f l ayers) 
Ori ent at i o n o f t he facade 
Di rect i o n and wi nd speed 
 
 
F in ally,  it is  im p o r tan t to  co n s id er  th at f o r  th e ef f icien t o p er atio n  o f  th es e s ys tem s  it is  es s en tial 
to  k n o w  th e b eh av io u r  o f  th e d if f er en t s p ecies  in  lo cal w eath er  co n d itio n s ,  b ecau s e th e en d  r e-
s u lt m ay d if f er  gr eatly f r o m  o n e clim ate ar ea to  an o th er ,  s p o ilin g th e exp ectatio n s  o f  en er gy 
s av in gs  th at h ad  b een  p lan n ed  acco r d in g to  th eo r etical calcu latio n s  f o r  a giv en  s ys tem .  
 
Giv en  th e extr em e clim atic co n d itio n s  in  th e ar ea o f  Lleid a ( co n tin en tal p ar t o f  th e r egio n  o f  
Catalo n ia,  S p ain ) ,  it is  ev en  m o r e n eces s ar y to  h av e m o r e k n o w led ge ab o u t th e d ev elo p m en t o f  
th es e s p ecies  in  lo cal w eath er  co n d itio n s .  Lleid a h as  a clim ate clas s if ied  as  d r y Med iter r an ean  
co n tin en tal,  ch ar acter ized  b y its  gr eat s eas o n al v ar iatio n s .  I t h as  lo w  r ain f all an d  it h as  a th er -
m o m etr ic r egim e w ith  lar ge d if f er en ces  b etw een  a lo n g w in ter an d  a v er y h o t s u m m er . .  Th is  is  a 
v er y s im ilar  clim ate to  th at o f  th e ar ea o f  Mad r id .  
 
Acco r d in g to  th es e co n s id er atio n s ,  a lo n g- ter m  w o r k  h as  b een  r ais ed  in  o r d er  to  o b tain  d ata o n  
th e b eh av io u r  o f  gr een  f acad es  in  b u ild in gs  as  a p as s iv e s ys tem  f o r  en er gy s av in gs  in  d r y Med i-
ter r an ean  co n tin en tal clim ate.  Th e exp er im en tatio n  s tar ted  r ef er s  s p ecif ically to  d o u b le- s k in  
gr een  f acad e o r  gr een  cu r tain .  Th is  typ o lo gy h as  b een  ch o s en  b ecau s e o f  its  eas in es s  to  as s em -
b le an d  d is as s em b le,  its  eas in es s  to  in tegr ate it in to  th e b u ild in g,  an d  b ecau s e it r eq u ir es  m in i-
m u m  p o s ter io r  m ain ten an ce.   
 
2  O BJ ECTI VE 
 
Th e m ain  o b jectiv e o f  th is  exp er im en t w as  to  s tu d y an d  m o n ito r  d u r in g o n e year  a d o u b le- s k in  
gr een  f acad e o r  gr een  cu r tain ,  w ith  m o d u lar  tr ellis  an d  Glycin e ( Wisteria sinensis ) ,  in  Med iter -
r an ean  co n tin en tal clim ate.  
Portugal SB10: Sustainable Building Affordable to All
606
 
3  METHO DO LO GY 
 
I n  May 2007 th e r eh ab ilitatio n  o f  a f o r m er  b u ild in g in  Go m és  ( Lleid a,  S p ain )  as  s o cial activ ities  
lo cal w as  f in is h ed .  A d o u b le s k in  gr een  f acad e w ith  a s tr u ctu r e o f  s teel an d  deployè s h eet s teel,  
in  th e n o r th w es t,  s o u th w es t an d  s o u th eas t f acad es  w as  in clu d ed  in  th e p r o ject ( F igu r e 2) .  Dif -
f er en t p ar am eter s  to  ev alu ate th is  gr een  f acad e w er e m eas u r ed  f r o m  S ep tem b er  2008 to  Au gu s t 
2009.  
Th e s p ecies  p lan ted  o n  all th r ee f r o n ts  is  Wisteria sinensis ,  a d ecid u o u s  clim b in g p lan t w h ich  is  
ch ar acter ized  b y its  r ap id  gr o w th  an d  gr eat d ev elo p m en t,  w ell ad ap ted  to  th e co n d itio n s  o f  th e 
d r y Med iter r an ean  co n tin en tal clim ate.   
Th e co llectio n  o f  d ata w as  d o n e w eek ly.  Dif f er en t p o in ts  o f  th e in ter m ed iate s p ace b etw een  th e 
s tr u ctu r e an d  th e f acad e,  an d  als o  th e exter io r ,  w er e m eas u r ed  ( F igu r e 3) .  Th is  d is tr ib u tio n  
co m p ar ed  th e b eh av io u r  o f  th e gr een  f acad e in  d if f er en t o r ien tatio n s  w ith  th e exter io r  en v i-
r o n m en t v alu es .   
 
 
    
F i gu re 2 . Theat re Lo Casal  de Go l més green facade, 2 0 0 8 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu re 3 . L o cat i o n o f measu rement  po i nt s i n Go l més. 
 
 
Th e p ar am et er s  th at w er e m o n ito r ed  w er e in ter m ed iate an d  exter io r  illu m in an ce ( Lu x) ,  w ith  a 
TES TO  545 ligh t m eter ,  in ter m ed iate an d  exter io r  en v ir o n m en tal tem p er atu r e ( °C)  an d  in ter -
m ed iate an d  exter io r  en v ir o n m en tal r elativ e h u m id ity ( %) ,  w ith  a TES TO  625 d igital th er m o  –  
h ygr o m eter ,  s u r f ace tem p er atu r e o f  th e b u ilt f acad e ( º C) ,  w ith  a TES TO  845 in f r ar ed  th er -
m o m eter ,  an d  f in ally,  th e w in d  s p eed  o u ts id e ( es tim ate b as ed  o n  th e Beau f o r t s cale) .  Th es e 
m eas u r es  w er e alw ays  tak en  at ab o u t 14:00 h o u r s .  
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4  RES ULTS  AND DI S CUS S I O N  
4. 1  Illuminance  
F igu r e 4 p r es en ts  th e ev o lu tio n  o f  th e m o n th ly av er age illu m in an ce ( lu x)  m eas u r ed  in  th e in -
ter m ed iate s p ace b etw een  th e gr een  cu r tain  an d  th e w all o f  th e b u ild in g f o r  th e th r ee 
o r ien tatio n s  ( S E f acad e,  NW f acad e an d  S W f acad e) ,  th e o u ts id e m o n th ly av er age illu m in an ce 
( O u ts id e) ,  an d  f in ally w e h av e als o  in clu d ed  th e ev o lu tio n  o f  m o n th ly av er age v alu e f o r  all 
v egetated  f acad e,  w h ich  tak es  in to  acco u n t th e th r ee o r ien tatio n s  ( All f acad es ) .  Th es e v alu es  
m eas u r e th e ab ility to  p r o d u ce s h ad e o f  th e gr een  f acad e.  
A d if f er en t d yn am ic w as  f o u n d  in  th e th r ee o r ien tatio n s ,  b ein g th e s o u th  eas t o r ien tatio n ,  as  
m eas u r es  ar e tak en  at n o o n ,  th e b es t r ep r es en tativ e o f  th e s h ad o w  ef f ect o f  th e v egetatio n .  
 
Th e d if f er en ce b etw een  th e in ter m ed iate s p ace illu m in an ce an d  th e o u ts id e illu m in an ce w as  
ab o u t 10, 000 to  30, 000 lu x in  th e m o n th s  w ith o u t leav es .  Th at d if f er en ce co u ld  b e attr ib u ted  to  
th e s h ad e p r o d u ced  b y th e s teel s tr u ctu r e,  th e tr u n k s  an d  th e b r an ch es .  At th e tim e th at th e f o li-
age b egan  to  gr o w ,  th is  d if f er en ce b egan  to  in cr eas e,  r each in g p eak s  in  J u ly an d  Au gu s t,  w h en  
th e leav es  w er e f u lly d ev elo p ed ,  p r es en tin g d if f er en ces  in  illu m in an ce h igh er  th an  80, 000 lu x.  
 
F igu r e 5 s h o w s  th e ligh t tr an s m is s io n  f acto r  o f  th e gr een  cu r tain ,  calcu lated  as  th e r atio  b e-
tw een  th e illu m in an ce in  th e in ter m ed iate s p ace an d  th e illu m in an ce o u ts id e,  f o r  d if f er en t o r i-
en tatio n s  an d  f o r  th e to tal f acad e.  Th is  v alu e v ar ies  f r o m  0 to  1,  in d icatin g th e am o u n t o f  ligh t 
r ad iatio n  th at p as s es  th r o u gh  th e gr een  s cr een .  
Wh er eas  th e m eas u r es  w er e tak en  at n o o n ,  th e s o u th  f açad e is  w h er e th e m eas u r em en ts  ar e 
m o r e r ep r es en tativ e o f  th e v egetated  s cr een  ab ility f o r  to  in ter cep t r ad iatio n .  Th es e v alu es  v ar -
ied  f r o m  0. 04 in  J u ly to  0. 37 in  Ap r il,  s eas o n  w ith  th e f o liage d ev elo p ed ,  an d  f r o m  0. 38 to  0. 88 
in  th e p er io d  w ith o u t leav es .  Th es e v alu es  ar e co m p ar ab le to  th e b es t v alu es  o f  th e s h ad o w  f ac-
to r  th at can  b e o b tain ed  b y u s in g ar tif icial b ar r ier s  f o r  th e s o u th  o r ien tatio n  w h ich  w e can  s ee in  
Tab le 3 ( S p an is h  Bu ild in g Co d e 2006) .  
 
Th e in cr eas e o f  illu m in an ce in  th e m o n th s  o f  May an d  J u n e o n  th e s o u th  eas t f acad e is  d u e to  
th e p o s itio n  o f  th e s u n  at th e tim e w h en  th e m eas u r es  w er e tak en ,  b ecau s e th e s u n ligh t cam e 
th r o u gh  th e to p  o f  gr een  f acad e.  
 
4. 2  Building wall surface temperature 
F igu r e 6 p r es en ts  th e tem p er atu r e o f  th e w all s u r f ace o f  th e b u ild in g in  th e in ter m ed iate s p ace 
( w ith  s h ad o w ) ,  f o r  th e th r ee o r ien tatio n s ,  an d  in  a s u n n y ar ea in  th e s o u th - w es t f acad e.  Al-
th o u gh  n o t all d ata is  av ailab le,  th e s u r f ace tem p er atu r e in  an  ar ea w ith o u t s h ad e w as  o n  av er -
age ap p r o xim ately 5. 55 º C h igh er  th an  in  ar eas  p ar tially co v er ed  b y v egetatio n .  Th is  d if f er en ce 
w as  h igh er  in  Au gu s t an d  S ep tem b er ,  r each in g m axim u m  v alu es  o f  15. 18 º C o n  th e s o u th  w es t 
s id e in  S ep tem b er .  
 
4. 3  Environmental temperature 
F igu r e 7 s h o w s  th e m o n th ly av er age en v ir o n m en t tem p er atu r e d ata.  Her e,  n o  s ign if ican t d if f er -
en ces  w er e f o u n d .  I n  gen er al,  d u r in g th e p er io d  w ith o u t leav es  th e v alu es  o f  th e tem p er atu r e in  
th e in ter m ed iate s p ace w er e h igh er  th an  th e tem p er atu r e o u ts id e,  w h ile in  th e p er io d  w ith  
leav es  th e in s id e tem p er atu r e w as  lo w er  th an  th e o u ts id e.  
Co m p ar in g th e d if f er en t o r ien tatio n s ,  th is  ef f ect is  es p ecially ev id en t in  th e s o u th  w es t f acad e.  
I n  J u ly,  in  th e in ter m ed iate s p ace o f  th e s o u th  w es t o r ien tatio n ,  a tem p er atu r e 1. 36 º C lo w er  
th an  th e tem p er atu r e o u ts id e w as  ach iev ed .  O n  th e o th er  h an d ,  th e ef f ect is  em p h as ized  in  w in -
ter ,  w ith  m axim u m  o f  3. 8 °C h igh er  in  th e in ter m ed iate s p ace th an  th e o u ts id e tem p er atu r e.  
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F i gu re 4 . Il u mi nance measu red at  t he Go l més green facade, i n 2 0 0 9 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu re 5 . Ca l cu l at ed l i ght  t ransmi ssi o n fact o r fo r t he Go l més green facade, i n 2 0 0 9 . 
 
 
Tabl e 3 . Shado w F act o r fo r art i fi ci al  barri ers i n so u t h o ri ent at i o n 
Art i fi ci al  ba rri er shado w fact o r  
Cant i l ever 0 .1 6  –  0 .8 2  
Set back 0 .1 7  –  0 .8 2  
Opaqu e awni ngs 0 .0 2  –  0 .4 3  
Transl u cent  awni ngs 0 .2 2  –  0 .6 3  
Ho ri zo nt al  sl at s 0 .2 6  –  0 .4 9  
Vert i cal  sl at s 0 .3 2  –  0 .4 4  
 
 
4. 4  Environmental relative humidity 
F igu r e 8 s h o w s  th e ev o lu tio n  o f  th e m o n th ly av er age r elativ e h u m id ity o f  th e en v ir o n m en t.  I n  
gen er al,  f o r  all o r ien tatio n s ,  it w as  o b s er v ed  th at d u r in g th e p er io d  w ith  leav es  th e r elativ e h u -
m id ity o f  th e in ter m ed iate s p ace w as  h igh er  th an  th e o u ts id e.  Th is  d if f er en ce in cr eas ed  w ith  th e 
gr o w th  o f  th e f o liage,  b ein g th is  ef f ect v er y ev id en t in  th e s o u th  w es t f acad e,  w h ich  w as  
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ar o u n d  7% h igh er  in  J u ly.  I n  th e p er io d  w ith o u t leav es ,  th e r elativ e h u m id ity in  th e in ter m ed i-
ate s p ace w as  lo w er  in  all d ir ectio n s ,  b ein g als o  th e s o u th  w es t f acad e th e o n e w h er e th e ef f ect 
w as  m o s t ev id en t,  in  Decem b er ,  w ith  m axim u m  d if f er en ces  o f  ap p r o xim ately 8%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu re 6 . Bu i l di ng wal l  su rface t emperat u re measu red at  t he Go l més green facade, i n 2 0 0 9 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu re 7 . E n vi ro nment  t emperat u re measu red at  t he Go l més green facade, i n 2 0 0 9 . 
 
 
4. 5  Wind effect 
F igu r e 9 s h o w s  th e v ar iatio n  o f  w in d  s p eed  es tim ated  acco r d in g to  th e Beau f o r t s cale.  Th is  in -
f o r m atio n ,  alth o u gh  it w as  es tim ated ,  is  o f  gr eat in ter es t in  o r d er  to  in ter p r et th e d ata o f  tem -
p er atu r e an d  r elativ e h u m id ity.  Th e p er s is ten ce o f  a w eak  to  m o d er ate w in d  m ean s  th at th e v al-
u es  o f  o u td o o r  tem p er atu r e an d  h u m id ity ar e lo w er  th an  th o s e ach iev ed  w ith  calm  w in d .  I n  
s u m m er ,  w ith  th e f o liage d ev elo p ed ,  th e s h ad o w  ef f ect r ed u ces  th e tem p er atu r e in  th e in ter m e-
d iate s p ace ( F igu r e 7) ,  b u t th e w in d  ef f ect m ak es  th e d if f er en ce b etw een  o u ts id e an d  in ter m ed i-
ate s p ace tem p er atu r es  to  b e lo w er .  Th e r elativ e h u m id ity ( F igu r e 8)  is  h igh er  in  th e in ter m ed i-
ate s p ace in  s u m m er ,  an d  is  h igh er  o u ts id e in  w in ter .  I n  m o n th s  w ith  s tr o n g w in d ,  f o r  exam p le 
in  Mar ch ,  Ap r il an d  May,  th es e d if f er en ces  ar e r ed u ced .  
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F i gu re 8 . E nvi ro nment  rel at i ve hu mi di t y measu red at  t he Go l més green facade, i n 2 0 0 9 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F i gu re 9 . Ou t si de wi nd speed at  t he Go l més green facade est i mat ed acco rdi ng t o  t he Beau fo rt  scal e, i n 
2 0 0 9 . 
5  CO NCL U S I O NS  
I n  th e u s e  o f  gr een  v er tical s ys tem s  as  p as s iv e s ys tem s  f o r  en er gy s av in gs  in  b u ild in gs ,  o n e 
m u s t co n s id er  th e typ e o f  s ys tem ,  th e p ar am eter s  th at in f lu en ce th eir  b eh av io u r ,  an d  f in ally it is  
es s en tial to  k n o w  th e b eh av io u r  o f  th e d if f er en t s p ecies  in  lo cal w eath er  co n d itio n s .  
S tu d yin g an d  m o n ito r in g a d o u b le- s k in  gr een  f acad e o r  gr een  cu r tain ,  u s in g m o d u lar  tr ellis  an d  
Glycin e,  in  Med iter r an ean  co n tin en tal clim ate,  it w as  f o u n d  th at: 
 Th e d if f er en ce b etw een  th e in ter m ed iate s p ace illu m in an ce an d  th e o u ts id e illu m in an ce 
w as  ab o u t 10, 000 to  30, 000 lu x in  th e m o n th s  w ith o u t leav es ,  d if f er en ce th at can  b e at-
tr ib u ted  to  th e s h ad e p r o d u ced  b y th e s teel s tr u ctu r e,  th e tr u n k s  an d  th e b r an ch es .  At 
th e tim e th at th e f o liage b egan  to  gr o w ,  th is  d if f er en ce b egan  to  in cr eas e,  r each in g 
p eak s  in  J u ly an d  Au gu s t,  w h en  th e leav es  w er e f u lly d ev elo p ed ,  w ith  d if f er en ces  o f  
m o r e th an  80, 000 lu x.  
 F o r  th e s o u th  w es t o r ien tatio n  th e v alu es  o f  th e ligh t tr an s m is s io n  f acto r  w er e f r o m  
0. 04 in  J u ly to  0. 37 in  Ap r il,  w ith  th e f o liage d ev elo p ed ,  an d  w er e b etw een  0. 38 an d  
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0. 88 in  th e p er io d  w ith o u t leav es .  Th es e v alu es  ar e co m p ar ab le to o  to  th e b es t v alu es  o f  
s h ad o w  f acto r  th at can  b e o b tain ed  b y u s in g ar tif icial b ar r ier s  f o r  th e s o u th  o r ien tatio n .  
 Th e b u ild in g w all s u r f ace tem p er atu r e in  an  ar ea w ith o u t s h ad e w as  o n  av er age ap -
p r o xim ately 5. 5 º C h igh er  th an  in  ar eas  p ar tially co v er ed  b y v egetatio n .  Th is  d if f er en ce 
w as  h igh er  in  Au gu s t an d  S ep tem b er ,  r each in g m axim u m  v alu es  o f  15. 2 º C o n  th e 
s o u th  w es t s id e in  S ep tem b er .  
 Th e illu m in an ce an d  ligh t tr an s m is s io n  f acto r  v alu es ,  as  w ell as  th e d if f er en ces  in  th e 
b u ild in g w all s u r f ace tem p er atu r es ,  co n f ir m  th e gr eat cap acity o f  th e gr een  s cr een  to  in -
ter cep t th e r ad iatio n .  
 Du r in g th e p er io d  w ith o u t leav es ,  th e v alu es  o f  th e tem p er atu r e in  th e in ter m ed iate 
s p ace w er e h igh er  th an  th e o u ts id e tem p er atu r e,  w h ile in  th e p er io d  w ith  leav es  th e in -
s id e tem p er atu r e w as  s ligh tly lo w er  th an  th e o u ts id e.  I n  th e s o u th  w es t o r ien tatio n ,  th e 
in ter m ed iate s p ace r each ed  3. 8 º C h igh er  tem p er atu r es  in  w in ter ,  an d  1. 4 º C lo w er  in  
s u m m er .   
 I t is  o b s er v ed  th at d u r in g th e p er io d  w ith  leav es ,  th e r elativ e h u m id ity o f  th e in ter m ed i-
ate s p ace w as  h igh er  th an  th e o u ts id e ( 7% h igh er  in  J u ly)  an d  lo w er  in  th e p er io d  w ith -
o u t leav es  ( 8% lo w er  in  Decem b er ) .  
 Th e air  in  th e in ter m ed iate s p ace ch an ged ,  cr eatin g a m icr o clim ate w h er e en v ir o n -
m en tal co n d itio n s  ar e h igh er  tem p er atu r e an d  lo w er  r elativ e h u m id ity in  w in ter  ( leaf -
les s  p er io d ) ,  an d  lo w er  tem p er atu r e an d  h igh er  h u m id ity in  s u m m er  ( p er io d  w ith  
leav es ) .  Th is  f act v er if ies  th at th e gr een  f acad e acts  as  w in d  b ar r ier  an d  s h o w s  th e ef -
f ect o f  ev ap o tr an s p ir atio n  o f  p lan ts .  
 Th e w in d  can  ch an ge th is  ten d en cy b y r ed u cin g th e d if f er en ces  b etw een  th e v alu es  o f  
th e in ter m ed iate s p ace an d  th e o u ts id e.  
 Th e r es u lts  d o  n o t allo w  to  w ith d r aw  co n clu s io n s  ab o u t th e in s u latio n  ef f ect o f  a gr een  
f acad e.  
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1 INT RODUCT ION 
T he  t e r m " s us t a i na bi l i t y"  c a me  i nt o us e  i n t he  50s  whe n i t  wa s  obs e r ve d t ha t  i n f i s he r i e s  a nd 
t i mbe r  pr oduc t i on we r e  obt a i ne d l e s s  t ha n t hos e  us ua l l y obt a i ne d, a nd wa s  de s c r i be d a s  " s us -
t a i na bl e  yi e l d"  t ha t  i t  dr e w r e s our c e s  a t  a  l owe r  s pe e d t ha t  t he  r a t e  of  r e ge ne r a t i on ( T or r i j os , 
2007) . Gr a dua l l y, t hi s  c onc e pt  ha s  be e n f l oodi ng a l l  e xi s t i ng f i e l ds . 
Unt i l  a  f e w ye a r s  a go, s oc i e t y ha s  be e n c ha r a c t e r i ze d by r a pi d gr owt h a nd de ve l opme nt  i n 
i ndus t r i a l i ze d c ount r i e s , t e c hnoc e nt r i c  c ons c i ous ne s s , be l i e f  t ha t  r e s our c e s  a r e  unl i mi t e d, popu-
l a t i on gr owt h a nd a l l  of  t hi s  c oupl e d wi t h i mpa c t s  t ha t  a r e  not  a ppr e c i a t e  di r e c t l y ( l ong t e r m 
i mpa c t s ) . T hi s  ma ke s  t ha t  t he  e f f e c t s  of  our  de ve l opme nt  mode l  ge t s  t he m f or  f ut ur e  ge ne r a -
t i ons . T he  t r ut h i s  t ha t  r e s our c e s  a r e  l i mi t e d, na t ur e  ha s  l i mi t s  pr oduc t i on of  ma t e r i a l s , s e r vi c e s  
a nd wa s t e  a bs or pt i on, t he r e  a r e  e nor mous  s oc i a l  a nd e c onomi c  di f f e r e nc e s  be t we e n de ve l ope d 
a nd t hi r d wor l d, l i ke  wi t hi n t he  s a me  s oc i e t y, e c c . ( M i l l e nni um Ec os ys t e m As s e s s me nt , 2005) . 
T hi s  me a ns  t ha t  i n r e c e nt  de c a de s  ha s  be gun t o r a i s e  a  ne w mode l  of  s oc i a l  a nd e c onomi c  de -
ve l opme nt :  s us t a i na bl e  de ve l opme nt . 
Evol ut i on of  s us t a i na bl e  de ve l opme nt  t e r m ha s  ga i ne d i mpor t a nc e  t o e ve n be  c ons i de r e d 
t he  mos t  i mpor t a nt  c ha l l e nge  of  t he  ne w c e nt ur y, but :  do we  unde r s t a nd a l l  t he  s a me  f or  s us -
t a i na bi l i t y or  s us t a i na bl e  de ve l opme nt ?  
T he r e  a r e  di f f e r e nt  t r e nds  i n me a ni ng t he  s us t a i na bi l i t y va r yi ng t he  r i gi di t y di s c us s e d by 
va r i ous  a ut hor s  ( Be l l  a nd M or s e , 2008;  Dr e s ne r , 2008)  a nd ba s i c a l l y r e f l e c t  t wo di f f e r e nt  wa ys  
of  unde r s t a ndi ng s us t a i na bi l i t y, wha t  i s  us ua l l y c a l l e d we a k s us t a i na bi l i t y vs  s t r ong s us t a i na bi l -
i t y. T he  f or me r  a r e  de f e nde r s  of  t he  c ur r e nt  wa y of  c onduc t i ng huma n a c t i vi t i e s  but  s e e ki ng a  
be t t e r  ba l a nc e  wi t h t he  pl a ne t 's  c a pa c i t y. T he  l a t t e r  a r gue  t ha t  t he r e  mus t  be  a  pr of ound c ha nge  
of  me nt a l i t y, de ve l opme nt  mode l  a nd, t he r e f or e , c ha nge  i n huma n a c t i vi t i e s . Among t he  l a t t e r , 
you mi ght  i nc l ude  s uppor t e r s  of  t he  ne w c onc e pt  e me r ge d c a l l e d " de gr owt h"  wi t h i t s  t he or e t i c a l  
f ounda t i on i n t he  Cl ub of  Rome  by t he  Re por t  M e a dows  i n 1972 a nd, e s pe c i a l l y, i n Ni c hol a s  
Ge or ge s c u-Roe ge n i n 1971. T he s e  a r e  pr e c ur s or s  of  t he  i de a  t ha t  we  ne e d a  br a ke  on gr owt h t o 
he l p t he  wor l d me e t i ng ne e ds  of  huma ns  a nd e nvi r onme nt  a nd ba l a nc e  t he  s c a l e s  t i l t e d e xc e s -
s i ve l y t owa r d t he  s i de  of  e c onomi c  de ve l opme nt . T he  f ol l owi ng t a bl e  ( t a bl e  1)  di s pl a ye d i n 
C o n cep tio n  o f  S u s tain ab le C o n s tru ctio n  in  civ il en g in eerin g  
p ro jects . Dimen s io n s  an d  In d icato rs  o f  S u s tain ab ility 
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ABST RACT :  Sus t a i na bl e  c ons t r uc t i on mus t  be  r e a l  not  onl y a t  bui l di ng s c a l e  but  a l s o a t  i nf r a -
s t r uc t ur e  s c a l e . T hus , i t  i s  a  f i r s t  a ppr oa c h t o t he  s us t a i na bi l i t y of  i nf r a s t r uc t ur e  pr oj e c t s  i n 
Spa i n by i mpl e me nt i ng a  s e r i e s  of  t e c hni que s  ( i nt e r vi e ws , s ur ve ys  a nd br a i ns t or mi ng)  by t he  
s t a nda r ds  of  pr oj e c t  ma na ge me nt . It  ha s  be e n i de nt i f i e d t hos e  e l e me nt s  t ha t  di f f e r e nt  pa r t i e s  i n-
vol ve d i n a n i nf r a s t r uc t ur e  pr oj e c t  s e e n a s  ke y e l e me nt s  t ha t  mus t  be  e va l ua t e d t o c ons i de r  a  
pr oj e c t  a s  s us t a i na bl e . It  i s  a  f i r s t  s t e p i n s e l e c t i ng i ndi c a t or s  a nd di me ns i ons  of  s us t a i na bi l i t y i n 
t he  f i e l d of  c i vi l  e ngi ne e r i ng i n Spa i n, whe r e  t he y ha ve  not e d t he  di f f e r e nt  vi e ws  e xi s t i ng a bout  
s us t a i na bi l i t y a c c or di ng t o t he  pr of e s s i ona l  a r e a  of  e a c h a c t or . It  i s  s hown a  f i r s t  s e l e c t i on of  
s us t a i na bi l i t y i ndi c a t or s  i de nt i f i e d t hr ough t hi s  c ol l e c t i on of  i nf or ma t i on 
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s umma r i ze d t he  e vol ut i on of  s us t a i na bl e  de ve l opme nt  c onc e pt  s i nc e  i t s  i nc e pt i on i n 1968. Eve n 
wi t h di f f e r e nt  vi s i ons  of  s us t a i na bi l i t y, wha t  c a n be  c onc l ude d of  t he s e  ne w c onc e pt s  a nd t he o-
r i e s  i s , of  c our s e , t ha t  t he  c ur r e nt  mode l  of  doi ng t hi ngs  i s  not  c ons i s t e nt  wi t h s ur r oundi ng e nvi -
r onme nt :  e nvi r onme nt , s oc i a l  e c onomy a nd s oc i e t y, a nd mus t  t he r e f or e  c ha nge  t he  wa y we  do 
t hi ngs , a l s o i n t he  c ons t r uc t i on s e c t or . In 1994 s t a r t s  t he  a wa r e ne s s  i n c ons t r uc t i on s e c t or  s e e k-
i ng t he  s us t a i na bi l i t y i n t he  f i e l d ( K i be r t , 1994)  wi t h t he  f i r s t  c ongr e s s  of  s us t a i na bl e  c ons t r uc -
t i on i n t he  wor l d. T he  bi gge s t  pr obl e m i n t hi s  s e c t or  i s  t he  wi de  va r i e t y of  a c t or s  a nd pa r t i e s  
t ha t  a r e  i nvol ve d i n va r yi ng de gr e e s  dur i ng t he  l i f e  c yc l e  of  a  c i vi l  e ngi ne e r i ng pr oj e c t  ( But t on, 
2002) . It  i s  f or  t hi s  r e a s on t ha t  i t  pr e s e nt s  a  f i r s t  s t udy t o know t he  s e ns i t i vi t y of  e xi s t i ng knowl -
e dge  a bout  s us t a i na bi l i t y a nd s us t a i na bl e  e ngi ne e r i ng i n t he  pr of e s s i ona l  a nd r e a l  l i f e . 
 
T a b le  1 .  E vo lutio n o f susta ina b le  d e ve lo p me nt te r m 
Y e a r  Sub j e c t  D e ve lo p me nts 
1 9 6 8  Cr e a tio n o f Club  o f Ro me  
Sta b le  gr o wt o f ma nkind  
“The limits to growth”  p ub lishe d  in 1 9 7 2  
1 9 7 2  E a r th Summit in Sto c kho lm P o sib le  Clima te  Cha nge  
N e w c o nc e p t o f d e ve lo p me nt  
1 9 8 7  B r und tla nd  Re p o r t Susta ina b le  d e ve lo p me nt c o nc e p t 
1 9 9 2  E a r th Summit in Rio  d e  J a ne ir o  
U N FCCC ( 1 8 9  c o untr ie s r a tify)  
Age nd a  2 1  
1 9 9 7  E a r th Summit in N e w Y o r k ( Rio  +  5 )  
N e e d  to  ma ke  c o nc r e te  p r o gr e ss  
E sta b lish na tio na l str a te gie s fo r  susta ina b le  d e ve lo p -
me nt  
2 0 0 0  M ille nium Summit o f the  U nite d  N a - tio ns,  N e w Y o r k M ille nium d e ve lo p me nt go a ls ( M D G )  
2 0 0 2  E a r th Summit in J o ha nne sb ur g ( Rio  +  1 0 )  
Susta ina b le  D e ve lo p me nt Summit 
3  p illa r s: e c o no mic ,  so c ia l a nd  e nvir o nme nta l 
2 0 0 5  E nte r s K yo to  P r o to c o l >  5 0  % o f se nd ing c o untr ie s signe d  the  p r o to c o l 
2 0 0 7  Rio  +  1 5  Co nfe r e nc e  in Rio  d e  J a ne ir o  Fina l d o c ume nt in B a li ( I nd o ne sia )  
2 OBJ ET IV ES AND SCOPE 
As  s hown i n t he  br i e f  i nt r oduc t i on, s us t a i na bi l i t y c onc e pt  i s  a  t e r m now we l l  de ve l ope d. W ha t  
c onc e r ns  us  a s  e ngi ne e r s  i s  t o know how s us t a i na bi l i t y c a n be  i mpl e me nt e d i n i nf r a s t r uc t ur e  
pr oj e c t s , be c a us e  i t  i s  not  e nough t o know a bout  t he  t hr e e  pi l l a r s  of  s us t a i na bl e  de ve l opme nt :  
r e s pe c t  f or  t he  e nvi r onme nt , s oc i a l  i nt e gr a t i on a nd s oc i a l  e c onomy. It  ha s  be e n c a r r i e d out  a n 
i de nt i f i c a t i on of  a l l  s t a ke hol de r s  of  a n i nf r a s t r uc t ur e  pr oj e c t  r e l a t e d di r e c t l y or  i ndi r e c t l y 
t hr oughout  t he  pr oj e c t  l i f e  c yc l e . Subs e que nt l y i t  ha s  s e t  a  t a r ge t  t o pe r f or m a n i de nt i f i c a t i on of  
s us t a i na bi l i t y i ndi c a t or s  t hr ough a  s e r i e s  of  s ur ve ys , i nt e r vi e ws  a nd br a i ns t or mi ng wi t h a l l  
s t a ke hol de r s . T he  obj e t i ve  i s  t o a c hi e ve  a  c ompi l a t i on of  i nf or ma t i on a nd da t a  a bout  di me ns i ons  
a nd s us t a i na bi l i t y i ndi c a t or s  t ha t  di f f e r e nt  a c t or s  t hi nk a r e  ne c e s s a r y be  me a s ur e d f or  t he  s us -
t a i na bl e  e va l ua t i on. T o do t hi s , no pr e -de t e r mi ne d i ndi c a t or s  ha ve  be e n s ugge s t e d i n or de r  not  
t o c ondi t i on our  own c onc e pt  of  s us t a i na bi l i t y, a nd be i ng di f f e r e nt  a c t or s  i nvol ve d i n a  pr oj e c t  
who opi ne  a bout  s us t a i na bi l i t y c onc e pt . Indi c a t or s  mode l  wa s  s e l e c t e d be c a us e  i t  i s  t he  mos t  
us e d mode l  t o a s s e s s  s us t a i na bi l i t y, a s  t he  Int e r na t i ona l  Or ga ni s a t i on f or  St a nda r di za t i on s ug-
ge s t s  f or  bui l di ng s e c t or  ( ISO 21929-1, 2006) . 
T hus , pr opos a l s  of  i ndi c a t or s  f or  s us t a i na bl e  a s s e s s me nt  i n i nf r a s t r uc t ur e  pr oj e c t s  of  t hos e  
s t a ke hol de r s  i nvol ve d i n a  pr oj e c t  wi l l  be  s hown a s  a  f i r s t  s t e p t owa r ds  a  f i r s t  s us t a i na bi l i t y 
mode l  f or  i nf r a s t r uc t ur e  pr oj e c t s  i n Spa i n. T he  ul t i ma t e  obj e c t i ve  i s  t o i de nt i f y t hos e  i ndi c a t or s  
t ha t  s houl d be  c ons i de r e d, a c c or di ng t o di f f e r e nt  a c t or s , t o ma ke  pos s i bl e  t he  s t udy of  s us t a i n-
a bi l i t y of  a n i nf r a s t r uc t ur e  pr oj e c t  a nd e na bl e  c ompa r i s on wi t h ot he r  pr opos a l s  s uc h a s  t hos e  of  
Da s gupt a  a nd T a m ( 2005)  a nd Ugwu e t  a l  ( 2006) . 
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3 SELECT ING ST AK EHOLDERS  AND COLLECT ING DAT A 
Fol l owi ng t he  me t hodol ogy of  Who Counts? ( Col f e r  e t  a l , 1999)  i t  wa s  pe r f or me d t o i de nt i f y 
t hos e  i nvol ve d i n a n i nf r a s t r uc t ur e  pr oj e c t  l i f e  c yc l e  us i ng t he  c r i t e r i a  of  de pe nde nc e , wor k a r -
e a s , a c t i vi t i e s  a nd l e ga l  r i ght s . T hus , i t  i s  s hown s c he ma t i c a l l y a c t or s  i nvol ve d i n a  ge ne r i c  i n-
f r a s t r uc t ur e  pr oj e c t  a t  va r i ous  s t a ge s  i n t he  l i f e  c yc l e  ( Fi gur e  1) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  Life  c yc le  o f a n infr a str uc tur e  p r o j e c t a nd  sta ke ho ld e r s 
 
T he n we  pr oc e e de d t o c ol l e c t  t he  i nf or ma t i on us i ng t hr e e  e xi s t i ng t e c hni que s  f ol l owi ng a  
pr oj e c t  ma na ge me nt  s t a nda r d of  t he  Pr oj e c t  M a na ge me nt  Ins t i t ut e  ( 2004) :  s ur ve ys , i nt e r vi e ws  
a nd br a i ns t or mi ng. 
T he  s ur ve y i s  one  wa y f or  a c hi e vi ng ga t he r  i nf or ma t i on f r om e xpe r t s  a nd s t a ke hol de r s  i n a  
pr oj e c t  wi t h a  gi ve n pr of i l e . T hi s  t e c hni que  a l l ows  t he  us e  of  r e mot e  me di a  s uc h a s  e -ma i l  or  
r e gul a r  ma i l , whi c h ove r c ome s  s ome  of  t he  l ogi s t i c a l  c ons t r a i nt s  of  br a i ns t or mi ng or  i nt e r -
vi e ws , whi l e  ma i nt a i ni ng s ome  s c ope  f or  t he  e xc ha nge  of  i de a s  ( APM  2004) . T hus , t he r e  we r e  
s e nt  a  t ot a l  of  200 s ur ve ys  t o t he  va r i ous  a ge nt s  i nvol ve d i n t he  pr oj e c t . Ac c or di ng t o La pi e t r a  
( 2006)  r e t ur n r a t e  i s  us ua l l y a r ound 30%  i n t hi s  t ype  of  s ur ve ys . Fi na l l y i t  ha s  be e n pos s i bl e  t o 
a na l yze  a  t ot a l  of  79 s ur ve ys  di s t r i but e d a mong t he  di f f e r e nt  a c t or s  i nvol ve d ( 39.5%  r e t ur n) . 
T he y a r e  gi ve n t he  opt i on t o a s s e s s  t he  di f f e r e nt  di me ns i ons  c ons i de r e d by t he  va r i ous  t ool s  of  
s us t a i na bi l i t y a s s e s s me nt  of  c ons t r uc t i on pr oj e c t s . T he s e  que s t i ons  we r e  s e mi -ope n wi t h s c or -
i ng opt i ons  f r om 0 t o 6 i n or de r  of  i mpor t a nc e  e a c h r e s ponde nt  c ons i de r e d. Ze r o me a ns  no r e l a -
t i ons hi p be t we e n t he  di me ns i on a nd t he  a c hi e ve me nt  of  a  s us t a i na bl e  i nf r a s t r uc t ur e  pr oj e c t  a nd 
a  s c or e  of  s i x me a ns  t he  e s t a bl i s hme nt  of  t hi s  di me ns i on a s  a  f unda me nt a l  pa r t  of  a  s us t a i na bl e  
pr oj e c t . It  wa s  a l s o r e que s t e d f or  i ndi c a t or s  t ha t  i t  s houl d a s s e s s  or  me a s ur e  t he  s us t a i na bi l i t y of  
a n i nf r a s t r uc t ur e  pr oj e c t  us i ng ope n que s t i ons , s o t ha t  t he  r e s ponde nt  woul d s ugge s t  t hos e  va r i -
a bl e s  c ons i de r e d c r i t i c a l  t o a c hi e ve  s us t a i na bi l i t y. So t he  s ur ve y wa s  ba s e d on pr opos a l s  by t he  
r e s ponde nt  a nd not  a n a s s e s s me nt  of  i ndi c a t or s  pr opos e d by r e s e a r c he r s . Sa mpl i ng wa s  not  
pr oba bi l i s t i c  be c a us e  wha t  i nt e r e s t s  us  i t  wa s  a c t or s  who s uppl y us  mor e  i nf or ma t i on ( t hos e  i n-
vol ve d i n a n i nf r a s t r uc t ur e  pr oj e c t ) . M or e ove r , i t  s houl d be  not e d t ha t , i n t he  c a s e  of  a  que s -
t i onna i r e  " i t  i s  r e a d t he  que s t i on"  s o i t  i s  s t a nda r di ze d a nd i s  dr a wn e qua l l y t o a l l , t he r e by r e -
duc i ng t he  bi a s  of  i nt e r pr e t a t i on by t he  i nt e r vi e we r . As  we  a r e  i n i de nt i f i c a t i on pha s e , we  a r e  
not  l ooki ng f or  a  s t a t i s t i c a l  a na l ys i s . W e  c ons i de r  onl y t he  pr oc e s s  by r e c e i vi ng c ompl e t e d s ur -
ve ys  unt i l  t he  i nf or ma t i on wa s  be c omi ng r e pe t i t i ve . In f a c t , t he  da t a  r e dunda nc y ( r e pe t i t i on of  
t he  i ndi c a t or s  wi t hout  pr ovi di ng ne w)  pr ovi de s  gr e a t e r  va l i di t y t o t he  i nf or ma t i on be i ng ga t h-
e r e d ( Al a mi nos  a nd Ca s t e j on, 2006) . 
T he  s c or e  gi ve n by di f f e r e nt  s t a ke hol de r s  t o t he  13 di me ns i ons  s ugge s t e d t o a c hi e ve  s us -
t a i na bl e  c ons t r uc t i on i n a n i nf r a s t r uc t ur e  pr oj e c t  a r e  t hos e  l i s t e d i n t he  f ol l owi ng t a bl e  2. T he y 
a r e  s i gni f i c a nt  da t a  i n t he  wa y t ha t  s hows  how de pe nde nt  a r e  f i e l ds  of  wor k of  e a c h a c t or  i n 
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gi vi ng mor e  i mpor t a nc e  t o di f f e r e nt  a r e a s . For  e xa mpl e , e c ol ogi s t s  gi ve s  mor e  i mpor t a nc e  t o 
a s pe c t s  a s  bi odi ve r s i t y, a t mos phe r e , e ne r gy, wa t e r  t ha n ot he r  s e c t or s  i n ge ne r a l , s a me  a s  us e r s  
gi ve  mor e  i mpor t a nc e  t o s e c ur i t y, s oc i a l  e c onomy or  i nt e gr a t i on t o t he  s oc i e t y. 
 
T a b le  2 .  D ime nsio n sc o r e s fo llo wing the  r e sp o nse s o f d iffe r e nt sta ke ho ld e r s 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sus t a i na bi l i t y  i ndi c a t or s  s ugge s t e d by di f f e r e nt  r e s ponde nt s , i t  i s  i nt e r e s t i ng t ha t  ma ny ha ve  
be e n r e pe a t e d i n pa r t  by t he  a s s oc i a t i on be t we e n t he m a nd s us t a i na bl e  c ons t r uc t i on c onc e pt  
s uc h a s  wa s t e  ma na ge me nt , gr e e nhous e  ga s e s  e mi s s i ons  or  wa t e r  ma na ge me nt  a nd pr ot e c t i on 
t ha t  a r e  of  vi t a l  i mpor t a nc e  i n t he  Spa ni s h r e a l i t y. T a bl e  3 l i s t s  t he  pr opos e d i ndi c a t or s  a nd r e -
f l e c t e d t he  numbe r  of  t i me s  i t  ha s  be e n pr opos e d i n t he  di f f e r e nt  s ur ve ys . In t ot a l , t he y ha ve  
s ugge s t e d a  t ot a l  of  49 s us t a i na bi l i t y i ndi c a t or s  t ha t  r e s ponde nt s  c ons i de r e d e s s e nt i a l . 
 
T a b le  3 .  I nd ic a to r s p r o p o se d  b y r e sp o nd e nts 
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T he  s e c ond t e c hni que  us e d i s  i nt e r vi e w. T hi s  t e c hni que  i nvol ve s  c onduc t i ng i nt e r vi e ws  wi t h 
e xpe r t s  a nd s t a ke hol de r s  a nd, i n t hi s  c a s e , i t  wi l l  s e r ve  t o i de nt i f y s us t a i na bi l i t y i ndi c a t or s . T he  
us e  of  t hi s  t e c hni que  i s  a  ma j or  s our c e  of  da t a  c ol l e c t i on f or  t he  i de nt i f i c a t i on of  oppor t uni t i e s  
( PM I, 2004) . Int e r vi e w ha s  ma ny of  t he  a dva nt a ge s  of  br a i ns t or mi ng t e c hni que  t ha t  wi l l  be  di s -
c us s e d l a t e r  a nd r e qui r e s  a  s i mi l a r  s e mi -s t r uc t ur e d a ppr oa c h, whe r e  t he  i nt e r vi e we r  a s s ume s  t he  
r ol e  of  f a c i l i t a t or . T he  di s a dva nt a ge s  a r e , of  c our s e , t he  i nt e r vi e we r 's  t i me  c ons umi ng a nd t ha t  
t he  e me r ge nc e  of  i de a s  i s  mor e  l i mi t e d t ha n i n a  gr oup of  e xpe r t s . Howe ve r , s ome  pe opl e  a r e  
mor e  c omf or t a bl e  e xpr e s s i ng he r s e l f  ope nl y i n a  one to one  s i t ua t i on ( APM , 2004) . T hi s  wi l l  
ma ke  t hos e  mor e  i nt r ove r t e d pe opl e  t o e xpr e s s  t he i r  i de a s  mor e  e a s i l y. One  of  t he  ke y c r i t e r i a  i n 
t he  i nt e r vi e ws  i s  t o be  pr e s e nt  onl y t he  i nt e r vi e we r  a nd i nt e r vi e we e , whe r e  i t  c a n be  done  a  
nor ma l i za t i on of  t he  i nt e r a c t i on be t we e n t he m ( Al a mi nos  a nd Ca s t e j on, 2006, 69) . In a ppl yi ng 
t hi s  t e c hni que , t he  f a c i l i t a t or  or  i nt e r vi e we r  wa s  t he  s a me  pe r s on, s o t he  e r r or  of  di f f e r e nt  i nt e r -
pr e t a t i ons  whe n que s t i oni ng i s  e l i mi na t e d. In t he s e  i nt e r vi e ws , i t  ha s  c ont a c t e d t he  f ol l owi ng 
or ga ni za t i ons :  me mbe r s  of  W or l d Counc i l  of  Ci vi l  Engi ne e r s  ( W CCE) , me mbe r s  of  Col l e ge  of  
Ci vi l  Engi ne e r s  i n Spa i n ( CICCP) , Obs e r va t or y of  Sus t a i na bi l i t y i n Spa i n ( OSE) , Obs e r va t or y 
f or  Sus t a i na bl e  Avi a t i on ( OAS) , As s oc i a t i on of  Pr omot e r s  a nd Cons t r uc t or s  of  Spa i n ( APCE) , 
Ec ol ogi s t s  i n Ac t i on ba s e d i n M a dr i d, As s oc i a t i on of  Bui l di ng M a t e r i a l s  ( ASEM ACO) , us e r  
a s s oc i a t i ons  l i ke  t he  As s oc i a t i on of  Spa ni s h Hi ghwa y ( AEC)  a nd Spa ni s h Fe de r a t i on of  Fr i e nds  
of  t he  Ra i l r oa d, pr of e s s or s  a nd r e s e a r c he r s  f r om t he  Uni ve r s i da d Pol i t é c ni c a  de  M a dr i d ( UPM ) . 
In t he s e  i nt e r vi e ws  ( a bout  30 i n t ot a l )  ha ve  c ome  t o i de nt i f y t he  f ol l owi ng i ndi c a t or s  pr opos e d 
by t he  va r i ous  r e s ponde nt s  ( t a bl e  4)  r e a c hi ng a  t ot a l  of  22 i ndi c a t or s . In t he  c a s e  of  di me ns i ons , 
a l l  r e s ponde nt s  we r e  mor e  or  l e s s  r e l a t e d t o s us t a i na bl e  de ve l opme nt  c onc e pt , s o t he r e  we r e  a  
vi r t ua l  una ni mi t y i n t he  s e l e c t i on of  t he  di me ns i ons  of  s us t a i na bi l i t y i n i nf r a s t r uc t ur e  pr oj e c t s :  
e nvi r onme nt , e c onomy, s oc i e t y a nd t e r r i t or y. 
 
 
T a b le  4 .  I nd ic a to r s p r o p o se d  b y inte r vie we e  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fi na l l y, l a s t  t e c hni que  us e d i n t hi s  s t udy wa s  t he  br a i ns t or mi ng. T he  goa l  of  br a i ns t or mi ng i s  
a  c ompl e t e  l i s t  of  i ndi c a t or s  or  va r i a bl e s  of  s us t a i na bi l i t y i n a n i nf r a s t r uc t ur e  pr oj e c t  by a  dy-
na mi c  gr oup. It  mus t  be  done  wi t h a  mul t i di s c i pl i na r y gr oup of  e xpe r t s  t ha t  s houl d not  be l ong 
t o t he  r e s e a r c h t e a m. T he  br a i ns t or mi ng t e c hni que  wa s  a ppl i e d t o ge ne r a t e  i de a s  qui c kl y a bout  
di me ns i ons  a nd s us t a i na bi l i t y i ndi c a t or s  unde r  t he  l e a de r s hi p of  a  f a c i l i t a t or  who i s  r e s pons i bl e  
of  s upe r vi s i ng a nd l e a di ng e xpe r t s  i n t he i r  s e a r c h of  i de a s . Al t hough wi de l y us e d i n pr oj e c t s , 
br a i ns t or mi ng s e s s i ons  ha ve  s ome  l i mi t a t i ons  a s  t o be  f a vor a bl e  t o t he  e xt r ove r t e d pe opl e . Fa -
c i l i t a t or  wa s  ba s e d on t hr e e  s us t a i na bl e  br e a kdown s t r uc t ur e s  ( SBS)  t o gui de  t he  br a i ns t or mi ng. 
T he s e  we r e  ba s e d on t he  br e a kdown of :  l i f e  c yc l e , pi l l a r s  of  s us t a i na bl e  de ve l opme nt  a nd ge -
ne r i c  s ys t e ms  i n whi c h c a n be  di vi de d a  c i vi l  e ngi ne e r i ng pr oj e c t . Pr of i l e s  s e l e c t e d f or  br a i n-
s t omr i ng we r e :  de s i gn e ngi ne e r , c ons t r uc t i on e ngi ne e r , ma i nt e na nc e  e ngi ne e r , e xpe r t  i n e nvi -
Chapter 5:  Monitoring and evaluation 
617
r onme nt a l  i mpa c t  a s s e s s me nt  a nd s us t a i na bi l i t y, de ve l ope r / pr omot e r , a dmi ni s t r a t i on, ma nuf a c -
t ur e r  a nd s uppl i e r  of  ma t e r i a l s , pr of e s s or -r e s e a r c he r  a nd us e r s . A t ot a l  of  ni ne  pe opl e  we r e  s ub-
di vi de d i nt o t wo gr oups . Ini t i a l l y i t  wa s  e xpl a i ne d t he  c ont e xt  of  wor k a nd t he n i t  be ga n wi t h 
br a i ns t or mi ng wi t hi n e a c h gr oup s e pa r a t e l y f ol l owi ng t he  br e a ki ng s t r uc t ur e s  c ome nt e d. Be f or e  
t he  e nd, t he  gr oup i s  j oi ne d a ga i n t o s how t he  i de a s , i ndi c a t or s  a nd di me ns i ons  t ha t  e me r ge d i n 
e a c h gr oup. Cons e ns us  on s us t a i na bi l i t y pi l l a r s  ( e nvi r onme nt , e c onomy a nd s oc i e t y)  a s  t he  f un-
da me nt a l  di me ns i ons  r e s ul t e d i n a  c ompl e t e  quor um. Sus t a i na bi l i t y i ndi c a t or s  t ha t  we r e  c ons i d-
e r e d e s s e nt i a l  f or  a s s e s s i ng s us t a i na bi l i t y of  a n i nf r a s t r uc t ur e  pr oj e c t , c a me  up t o a  t ot a l  of  22 
i ndi c a t or s  s uc h a s  " ha ppi ne s s "  or  " e t hi c "  t ha t  e me r ge d a s  c onc e pt s  t ha t  s houl d be  pr e s e nt  i n a l l  
s us t a i na bl e  pr oj e c t . T a bl e  5 s hows  t he s e  i ndi c a t or s  pr opos e d i n br a i ns t or mi ng s e s s i on. 
 
T a b le  5 .  I nd ic a to r s p r o p o se d  in b r a insto r ming 
 
 
 
 
 
 
 
 
 
 
4 DISCUSSIO N  AND CONCLUSIONS 
It  ha s  be e n t r e a t e d by t hi s  f i r s t  i ni t i a l  s t udy, t he  ne e d t o ma ke  mor e  ma na ge a bl e  t he  s us t a i na bi l -
i t y or  s us t a i na bl e  c ons t r uc t i on c onc e pt  i n i nf r a s t r uc t ur e  pr oj e c t s . It  wa s  c ons i de r e d e s s e nt i a l  i ni -
t i a l  a wa r e ne s s  t ha t  di f f e r e nt  c ons t r uc t i on a c t or s  ha ve  a bout  s us t a i na bl e  c ons t r uc t i on. It  ha s  a l s o 
s ought  t o i de nt i f y di me ns i ons  a nd s us t a i na bi l i t y i ndi c a t or s  by s t a ke hol de r s  c ons i de r e d ba s i c  f or  
t he  s us t a i na bl e  a s s e s s me nt . So i t  ha s  t r i e d whe r e ve r  pos s i bl e  t o c ol l e c t  a l l  t hi s  i nf or ma t i on 
wi t hout  pr i or  c ont a mi na t i on of  t he  ba c kgr ound of  t he  r e s e a r c he r s . T hi s  wa s  done  us i ng Pr oj e c t  
M a na ge me nt  Ins t i t ut e  s t a nda r d ( 2004)  us i ng t e c hni que s  of  i de nt i f yi ng oppor t uni t i e s  t hr ough 
s ur ve ys , i nt e r vi e ws  a nd br a i ns t or mi ng s e s s i ons . T he s e  t hr e e  t e c hni que s  c ompl e me nt  e a c h ot he r  
pe r f e c t l y be c a us e  of  t he i r  de f e c t s  a nd we a kne s s e s  a r e  s uppl e me nt e d wi t h t he  s t r e ngt hs  of  ot h-
e r s . T hus , i n br a i ns t or mi ng s e s s i on uni ma gi na bl e  i ndi c a t or s  c a n be  obt a i ne d t hr ough t he  dyna m-
i c s  of  s pont a ne ous  ge ne r a t i on of  i de a s  by a  mul t i di s c i pl i na r y gr oup. Pr obl e ms  a r e , a s  a l r e a dy 
not e d, t ha t  i nt r ove r t e d pe opl e  a r e  pus he d i nt o t he  ba c kgr ound a nd pr oba bl y do not  pr ovi de  i n-
f or ma t i on t o t he  s t udy. T hi s  e r r or  i s  mi t i ga t e d t hr ough pe r s ona l  i nt e r vi e ws  a nd s ur ve ys . T he  
bi gge s t  we a kne s s  i n s ur ve ys  i s  t he  unknown s t a t us  of  t he  r e s ponde nt  a nd t he  i mpor t a nc e  gi ve n 
t o e a c h que s t i on. On t he  ot he r  ha nd, i nt e r vi e ws  a l l ow t he  e xc ha nge  of  i nf or ma t i on be yond t he  
que s t i ons  i n a  que s t i onna i r e . W i t h t he  e xpe r i e nc e  a c hi e ve d i n i nt e r vi e ws , t he  i nf or ma t i on wa s  
muc h bi gge r  i n t hi s  l a s t  c a s e  t ha n i n t he  ot he r s , be c a us e  of  t he  i nt e r e s t  of  t he  i nt e r vi e we d gi vi ng 
f ur t he r  i nf or ma t i on, doc ume nt a t i on a nd vi e wpoi nt s  be yond t he  obj e t i ve  of  t he  i nt e r vi e w. As  a  
ne ga t i ve  a s pe c t  i s  ha s  be e n t he  l a r ge  a mount  of  t i me  ne e de d f or  t he  de ve l opme nt  of  a l l  i nt e r -
vi e ws . W i t h t he  we a kne s s e s , t hr e a t s , s t r e ngt hs  a nd oppor t uni t i e s  of  e a c h t e c hni que  i t  c a n be  
a c hi e ve d a  t r i a ngul a t i on t o i de nt i f y a l l  s us t a i na bi l i t y i ndi c a t or s  whi c h a r e  c ons i de r e d by t he  
va r i ous  s t a ke hol de r s  a s  ke y i ndi c a t or s . 
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Figur e  2 .  Susta ina b le  ind ic a to r s id e ntifie d  b y inte r vie ws,  sur ve ys a nd  b r a insto r ming 
 
Sus t a i na bi l i t y  i ndi c a t or s  i de nt i f i e d by t he  i nf or ma t i on-ga t he r i ng t e c hni que s  a r e  r e f l e c t e d i n 
t he  ge ne r a l  s c he me  ( f i gur e  2) . As  s hown, i t  ha s  pr oduc e d a  gr e a t  numbe r  of  i ndi c a t or s  s e l e c t e d 
by di f f e r e nt  a c t or s  a nd, a s  ot he r s  ha ve  not e d, t he  numbe r  of  t he m i n a ny a s s e s s me nt  of  s us t a i n-
a bi l i t y mus t  be  r e duc e d ( But t on, 2002;  Al a r c on, 2005) . In a ddi t i on, t he  numbe r  of  i ndi c a t or s  
obt a i ne d r e l a t e d t o e nvi r onme nt  a r e a  i s  f a r  s upe r i or  t o t hos e  obt a i ne d f or  s oc i a l  a nd e c onomi c  
a r e a s , a s  ot he r s  ha ve  poi nt e d out  a bout  t he  va r i ous  e xi s t i ng mode l s  of  s us t a i na bl e  a s s e s s me nt  
( GT IS, 2004;  Sa pa r a us ka s , 2007) . T hi s  me a ns  t ha t  t he  i ma ge  of  s us t a i na bi l i t y i s  s t i l l  c ove r e d 
mos t l y by e nvi r onme nt a l  c r i t e r i a . Obvi us l y, a l t hough t he s e  c r i t e r i a  a r e  e s s e nt i a l  f or  a c hi e vi ng a  
s us t a i na bl e  c ons t r uc t i on, one  s houl d not  unde r e s t i ma t e  t he  i mpor t a nc e  of  s oc i a l  a nd e c onomi c  
a r e a s  t o a c hi e ve  a  s us t a i na bl e  ba l a nc e  i n i nf r a s t r uc t ur e  pr oj e c t s . T o ma ke  a  pr ope r  ba l a nc e  be -
t we e n s oc i a l , e c onomy a nd e nvi r onme nt a l  a r e a s  i n t hi s  c a s e , i t  wi l l  be  ne c e s s a r y t o a na l yze  a nd 
pr i or i t i ze  s us t a i na bi l i t y i ndi c a t or s  t o obt a i n f e w ke y i ndi c a t or s  f or  i nf r a s t r uc t ur e  pr oj e c t s  a nd 
ma ke  i t  ma na ge a bl e  a nd e va l ua bl e . T hi s  f ut ur e  s us t a i na bl e  a s s e s s me nt  ba s e d on t he s e  ke y i ndi -
c a t or s  c a n be  a  gr e a t  va l ue  a dde d t o i nf r a s t r uc t ur e  pr oj e c t s  de c i s i on-ma ki ng pr oc e s s  whe n de -
c i di ng be t we e n va r i ous  a l t e r na t i ve s , a s  a t  pr e s e nt  i n bui l di ng s e c t or  muc h mor e  de ve l ope d. 
5 AK NOW LEDGM ENT S 
T he  a ut hor s  t ha nkf ul l y a c knowl e dge  a l l  t he  pe opl e  t ha t  ha s  c ol l a bor a t e  wi t h t hi s  s t udy, t he  or -
ga ni s a t i ons  i nvol ve d a nd Uni ve r s i da d Pol i t é c ni c a  de  M a dr i d a nd CPV  c ompa ny s uppor t i ng t hi s  
s t udy. 
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ABSTRACT: This paper is about the sustainable environmental performance analysis assisted by 
computer simulations of the Brazilian Federal District urban expansion. As a practical case study, 
was chosen, a satellite city Gama. At first, an environmental diagnosis of the area, the second 
phase of the analysis was the tridimensional microclimatic simulations done by the ENVI-met 
free software. In this phase, 03 different urban sceneries are presented: The Present Scenery, The 
Future Scenery 1 and The Future Scenery 2. These sceneries represent the in- creasing growth of 
the usage and occupation of the soil, and the verticalization of the area. With the simulations 
it is concluded that both future sceneries result into climatically uncomfortable sceneries. From 
the final diagnosis, policies for a bioclimatic urban design were casted with the intention of 
generating a smaller environmental impact in the area and suggesting sustainable alternatives to 
weaken the negative impact caused by the changing of the usage and occupation of the soil in the 
area. Keywords: computer simulation, urban sectors, environmental performance. 
 
 
 
 
1  INTRODUÇÃO 
 
1.1  Espaços Urbanos 
 
O desempenho ambiental das cidades depende tanto do clima pré-existente quanto de 
modificações climáticas introduzidas pela urbanização, principalmente na velocidade e direção 
dos ventos, na qualidade do ar, radiação solar e umidade relativa. Essas condicionantes são 
afetadas principalmente pelo volume de massa construído, pela forma das edificações, poluição 
atmosférica, alterações das superfícies que aumentam o calor (reflexão e absorção), 
impermeabilização do solo e escassez de vegetação e água. 
Vê-se que o processo de urbanização tende a criar microclimas peculiares. Estes, por sua vez, 
apresentam condições de habitabilidade e sustentabilidade nem sempre satisfatórias ampliando a 
necessidade de intervenções urbanas bioclimáticas que podem reverter ou minimizar estas 
conseqüências. 
Dessa forma, percebe-se que muitos dos problemas causados pelo processo de urbanização estão 
intimamente relacionados ao microclima, o que tem feito crescer o número de pesquisas sobre o 
desempenho climático dos espaços urbanos. Isto é justificável, uma vez que as variáveis do 
clima urbano afetam não somente os espaços abertos, mas atuam de forma clara nos espaços 
construídos, repercutindo diretamente no conforto dos usuários. 
Como objeto de estudo, foi escolhido Setor Industrial do Gama, em virtude das propostas do 
SEDUMA – Secretaria de Estado de Desenvolvimento Urbano e Meio Ambiente para alteração do 
gabarito deste setor, visando a preparar o setor para receber a demanda de população que 
apresenta grande taxa de crescimento. Além disso, são previstas alterações no sistema viário da 
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área que repercutem em forte impacto no entorno da Região Administrativa do Gama, localizado 
na região sul do DF. 
 
 
2  CARACTERIZAÇÃO CLIMÁTICA DO DISTRITO FEDERAL 
 
2.1  Distrito Federal do Brasil 
 
O Distrito Federal do Brasil está situado aproximadamente a 16º de latitude sul (entre os paralelos 
15º30’ e 16º03’, acima dos 1000 metros de altitude (1.070m), com uma temperatura média de 
21,1ºC, se enquadrando dentro dos limites da região tropical. (FERREIRA, 1965, p.12). 
O clima do DF pertence às categorias CWA e CWB de Köpper, que correspondem aos climas 
mesotérmicos úmidos de verão quente e de verão fresco. Pode ser classificado como Tropical 
de Altitude e é marcado por dois períodos distintos ou duas estações do ano bem definidas: 
Período quente-úmido – verão chuvoso, de outubro a abril, com uma temperatura média de 
22ºC. E o período frio-seco – inverno seco, de maio a setembro, com temperaturas mais baixas no 
seu 
início, a partir de fins de maio a agosto, com cerca de 19ºC média. 
É comum a sensação de desconforto decorrente da temperatura elevada durante o dia e que 
diminui abaixo dos limites de conforto à noite. Devido à localização na área central do país e à 
sua altitude, essas amplitudes diárias de temperatura são consideráveis, especialmente no período 
seco sendo de aproximadamente 14ºC. Na estação chuvosa as amplitudes diárias de temperatura 
são aproximadamente 10ºC. A forte incidência de radiação solar ofusca as estações 
intermediárias, assim, a primavera e o outono mal são notados na região. 
Com relação à insolação, os valores ficam em torno de 2.600 horas mensais sendo a média no 
verão (chuvoso) de 160 horas mensais e no inverno (período seco) de 290 horas mensais. Mais 
precisamente na região oriental de Goiás, da qual o Distrito Federal faz parte, mais de 70% do 
total de chuvas acontece de novembro a março. O inverno é extremamente seco, as chuvas são 
raras e em pelo menos um mês não há registro de nenhum dia de chuva. 
A umidade relativa do ar média anual é de 67%. De abril a setembro a umidade relativa do ar 
sofre uma diminuição considerável, alcançando níveis inferiores a 25%. O mês mais seco é o 
mês de agosto, com 56% de umidade relativa média. A umidade relativa mínima absoluta 
registrada é de 8% no mês de setembro. Assim, ventos moderados e constantes sopram de leste 
(freqüência média anual), sendo que são mais constantes nas direções leste e sudeste no inverno e 
noroeste no verão, como mostra a Figura 1. Para este estudo são levados em consideração dos 
elementos do clima: ventos dominantes, temperatura do ar e umidade relativa do ar. 
 
 
 
 
Figura 1: Dados Climáticos do Distrito Federal – Temperatura do ar e Velocidade dos Ventos. 
 
 
3  OBJETO DE ESTUDO E CARACTERIZAÇÃO DOS CENÁRIOS 
 
3.1  Área de Estudo 
 
A área do estudo compreende o trecho leste da Região Administrativa II Gama, situada a sudeste 
do Distrito Federal. A área compreende as quadras QI 1 a QI 7 e Praça 1 da Região 
Administrativa do Gama, com 132,89 ha. (Figura 2) 
Portugal SB10: Sustainable Building Affordable to All
622
 
 
 
 
Figura 2: Localização do Distrito Federal – Demarcação da Região Administrativa – Gama – 
Objeto de Estudo. 
 
Esta primeira etapa do estudo bioclimático avalia as alterações morfológicas do cenário 0 (situação 
atual) para o cenário 1, onde é proposto a implantação das edificações com projetos previamente 
aprovados na Administração Gama. 
A análise tem como foco principal os conseqüentes impactos na ventilação, umidade relativa e 
temperatura, especialmente no microclima, e é utilizada como ferramenta de simulação o software 
ENVI-met, onde são apresentadas as simulações do desempenho ambiental realizada para os dois 
cenários. 
Cenário 0: situação atual de morfologia urbana da área de estudo, considerando todas as 
edificações existentes e as 24 edificações aprovadas em primeira instância na Administração 
Regional, que estão em processo de implantação ou em fase final de construção. (Figura 3). 
Cenário 1: Considera a situação atual e a implantação de 12 edificações, cujos projetos atualmente 
estão protocolados na Administração e ainda não construídos. (Figura 4). 
  
 
 
 
 
 
 
 
 
 Figura 3: Croquis das 
edificações do Cenário 0 
Figura 4: Croquis das 
novas edificações 
implantadas no 
Cenário 1 
Figura 5 – Divisão da Área 
de Estudo em duas partes 
para simulação: A e B 
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4  DESEMPENHO AMBIENTAL 
Para a análise do desempenho ambiental dos cenários 0 e 1 do Setor Industrial do Gama, são 
definidos alguns passos para a simulação computacional. 
 
 
4.1 Simulação de Desempenho Ambiental (Software ENVI-met) 
 
A segunda etapa deste estudo se dedicou às simulações computacionais realizadas por meio do 
programa ENVI-met. Bruse (2008) cita que este programa é baseado em diversos projetos de 
investigação científica e está, portanto, sob constante desenvolvimento. Sua proposta baseia-se no 
prognóstico das leis fundamentais da dinâmica de fluidos e da termodinâmica. O modelo inclui a 
simulação de: enchente ao redor e entre edifícios troca de processos de calor e vapor na superfície 
do solo e nas paredes turbulência troca de vegetação e parâmetros de vegetação; bioclimatologia; 
dispersão de partículas. 
A aplicação do ENVI-met se dá nas áreas da climatologia urbana, arquitetura, design de prédios 
ou planejamento ambiental, entre outras correlatas. ENVI-met vem junto com um software 
adicional (Leonardo) que abarca editores e ferramentas de visualização gráfica para a modelagem 
dos resultados. 
Para a finalidade deste trabalho, serão realizadas simulações com diferenciados ordenamentos, 
quantidades e tipos de vegetação nos pontos estudados, como também com diversos materiais 
de revestimento de solo, em diferentes proporções e índices de permeabilidade. Para isso, será 
seguida a metodologia de Duarte et. al (2008), em que usa simulações paramétricas explorando as 
diferentes formas de distribuição verde no espaço e seu impacto em diferentes configurações 
urbanas, a fim de verificar as reduções da temperatura e o aumento da umidade do ar, como 
também a de Silveira (2005) que estuda o desempenho da ventilação no espaço livre. 
As simulações serão apresentadas por horário do dia, comparando-se as áreas entre si e focando 
os principais impactos com a inserção de novas construções. 
O mês de setembro é escolhido para as simulações, tendo em vista que é esse mês que será 
dedicado a se realizar a coleta de dados in loco, por representar a época quente e seca, e, 
logo, mais significativa como uma situação desconforto para a cidade de Brasília e entorno. 
Os horários em que são gerados os mapas de simulação são às 9 h, 15 h e uma extração de da- dos 
adicional de 12h. Para isso, seguiu-se o preestabelecido pela OMM – Organização Mundial de 
Metereologia. 
De modo a possibilitar um melhor desempenho nas simulações e maior precisão nos resultados, a 
área de estudo (Setor Industrial do Gama) foi dividida em duas partes: A e B (Figura 5). No 
entanto, para a interpretação dos resultados, esta análise considerou as subáreas A e B como 
uma grande área unificada, sendo apresentados e discutidos os resultados das simulações para 
os horários significativos para o microclima do setor. 
Para este artigo serão apresentados os resultados gráficos para a fração A. 
 
 
4.2  Entrada de dados no programa 
 
O programa ENVI-met apresenta uma interface bastante simplificada. Na tela principal do 
programa, é apresentada a área de inserção dos dados, e, na lateral esquerda, ficam os elementos 
básico que configuram a área a ser simulada, como vegetação, tipo de solo e gabarito das 
edificações. 
Antes da simulação, cria-se um arquivo com configurações básicas para a cidade de Brasília. Para 
os dados não obtidos da estação climatológica de referencia da cidade, são utilizados da- dos 
oficiais disponibilizados nos aeroportos do mundo; utilizam-se, como referência, dados do 
aeroporto de Brasília – DF. 
A seguir, é representada, para cada área, a transformação dos dados reais, partindo de imagem 
de satélite tirada no primeiro semestre do ano, para dados digitais, convertidos, inicialmente, 
em pixel no programa AutoCAD, em seguida, convertidos em arquivos Bitmap para a inserção na 
interface do programa ENVI-met. Torna-se importante salientar que cada área representada é de 
1.400.000 m² (2000 m x 700 m), e, para melhor desempenho da simulação, são convertidas em 
duas tramas de 210 pixel x 140 pixel, logo, são construídas grades com dimensão de 5 m x 5 m. 
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Como etapa seguinte, é passada a representação das áreas, de arquivo AutoCAD (extensão DWG) 
para arquivo de imagem (extensão BMP) para, a partir deste, dar entrada no arquivo principal do 
programa, denominado area1.in. Neste arquivo, toda a caracterização da área é inserida, pixel a 
pixel, conforme detalhamento esquemático (Figura 6). 
 
 
 
 
Figura 6 – Área A no ENVI-met 
 
5 RESULTADOS DA SIMULAÇÃO COMPUTACIONAL APLICADA À ANÁLISE 
URBANA 
 
Serão apresentados gráficos de resultados da simulação no ENVI-met, para o horário 15h, com 
os parâmetros de temperatura, umidade relativa e ventos na área de estudo.Os dados foram 
sistematizados em quadros sínteses e posteriormente analisados. 
Através das simulações no ENVI-met, confirmadas pela avaliação sensorial, percebe-se que o 
Setor Industrial do Gama, na situação atual, possui uma baixa qualidade ambiental, pois não 
possui elementos e configuração morfológica que promovam conforto ambiental nos espaços 
urbanos. 
São observadas, numa primeira análise, alguns pontos mais críticos: degradação espacial das 
edificações e vias, áreas verdes deterioradas, arborização insuficiente e ausente na área interna 
do setor, impermeabilização do solo (vias e calçadas), ausência de espaços de convívio, 
inexistência de mobilidade para os pedestres, poucos espaços gregários e com baixa qualidade 
ambiental (praças), sensação de insegurança pela ausência de pessoas, e ruído proveniente de 
pequenas fábricas e industrias que existem no setor. 
As propriedades físicas dos materiais constituintes da massa edificada, da vegetação e das 
superfícies, pavimentadas ou não, dentro da estrutura urbana influem diretamente na quantidade 
de energia térmica acumulada e irradiada para a sua atmosfera e são expressas, principalmente, 
pelo albedo, absorção e emissividade. Dessa forma, contribuem para aumentar as temperaturas 
em um determinado espaço alterando inclusive o microclima. 
É nítida a predominância de espaços revestidos por materiais impermeáveis (vias asfaltadas e 
calçadas cimentadas e de concreto), albedos baixo e médio, baixa refletividade térmica e alta 
emissividade, configurando, assim, um prejuízo para o conforto higrotérmico. A 
impermeabilidade do solo é responsável: 
- pelo rápido escoamento das águas pluviais que, uma vez não permanecendo no solo, não 
contribui para uma melhoria dos índices de umidade relativa do ar; 
- pela elevação das temperaturas devido à absorção de calor pelas vastas áreas asfaltadas, 
pavimentadas e edificadas. 
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As áreas permeáveis são isoladas e degradadas, configurando vazios urbanos, com o solo sem 
revestimento ou terra nua. Esses são os locais de maior umidade, pela presença da terra, mas 
são esteticamente e espacialmente inibidores da presença dos usuários. 
A arborização e forração vegetal são insuficientes, localizadas na periferia do Setor Industrial do 
Gama, principalmente nos canteiros centrais das avenidas de contorno, no campo de futebol e no 
parque infantil. Existe grande potencial de revitalização das áreas verdes, para melhoria do 
conforto ambiental do setor, além de possibilidade de maior qualidade nos espaços públicos de 
convivência, assim como nos lotes residenciais, desonerando-se assim o Poder Público da 
exclusividade de promover uma sustentabilidade ambiental. 
É importante promover a arborização, alternando o surgimento de lugares de permanência e 
convívio, ou ainda de passagem e fruição dinâmica, como calçadões que ora se alargam ora se 
estreitam, melhorando o micro-clima. 
Para alteração de uso do setor, de industrial para residencial é essencial uma requalificação 
espacial dos espaços públicos, pois as necessidades de qualidade ambiental são diferenciadas. 
Atualmente a área está deteriorada, não adequada para a mobilidade de pedestres e não permitindo 
aos usuários espaços adequados para a vida cotidiana. Não existem equipamentos e mobiliários 
urbanos, que convidem e sugiram à permanência e ao convívio, qualificando os espaços de 
cotidiano, importante na escala residencial. 
É importante ressaltar que, para uma intervenção num espaço público ser bem sucedida, deve 
haver uma combinação de fatores que assegurem sua vitalidade permanente; buscar uma qualidade 
de implantação com lugares explicitamente convidativos e agradáveis, com uma correta execução 
e, principalmente implementar instrumentos fatídicos para uma manutenção exímia e constante, 
incorporando a comunidade local, o que auxilia a permanência das intervenções e a redução dos 
custos. 
São utilizadas as dimensões Romero (2000) que analisa o espaço público urbano, considerando-o 
como uma unidade resultante de elementos ambientais climáticos, históricos, culturais e 
tecnológicas. Esses elementos ambientais são os ordenadores do espaço, agindo como estímulos 
dimensionais, em que, forma, pele e interior compõem as três grandes categorias de condicionantes 
de análise ambiental. 
 
 
5.1 Resultados das Simulações: 15 horas 
 
Temperatura do ar 
 
 
Temperatura do Ar - Cenário 0A           Temperatura do Ar - Cenário 1A 
 
Velocidade dos ventos 
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Temperatura do Ar - Cenário 0A Temperatura do Ar - Cenário 1A  
 
 
Umidade Relativa do Ar 
 
 
Umidade Relativa do Ar - Cenário 0A Umidade Relativa do Ar - Cenário 1A  
 
 
5.2  Conclusões 
 
Estudos como este são importantes como ferramenta comparativa e como indicativo de alternativas 
concretas de reabilitação de áreas urbanas. As simulações realizadas nos cenários fictícios 
quantificam que, caso haja mudança de gabarito em todo o setor, isso garantirá a falta de qualidade 
ambiental no Setor Industrial do Gama. 
Foram registrados nas 15h, que representa um horário de bastante desconforto, valores máximos de 
temperatura do ar encontrados, nesta área de até 37,21˚C. Neste mesmo horário, foi verificado que 
nas quadras centrais, onde se concentra o grande volume edificado, os valores de temperatura do ar 
são os mais extremos, o que combinado com valores de menor umidade rela- tiva do ar (44,22%) 
culminam em um cenário desconfortável ambientalmente. 
 
Table 2. Quadro Síntese das Variações e Amplitudes Máximas (15h) Parâmetro
 Variação Amplitude 
Temperatura do ar (ºC) 31,65 a 37,21 °C 5,56 C. 
Umidade Relativa do Ar (%) 44,22 a 77,10% 32,88%. 
  Velocidade dos Ventos (m/s)  0,16 a 1,66 m/s.  1,5m/s.  
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Ainda em relação a umidade relativa do ar (%), pode-se perceber que as vias representam lugares 
bastante áridos, e são facilmente percebidos no resultado das simulações como cânions urbanos 
secos, corroborados pelo fato de canalizarem os ventos que chegam ao local. 
Os volumes edificados nas quadras periféricas promovem efeitos desagradáveis para o 
desempenho do vento no local, ora formando canalizadores de ventos secos (vias sem 
arborização ou outros elementos ambientais capazes de umidificar os ventos), ora formando 
regiões de sombras de vento (região de calmaria, onde a brisa não pode ser sentida). 
Com a inserção das 12 edificações (ou conjuntos) neste atual cenário, o impacto ambiental 
significativo é verificado na escala da quadra (numa primeira análise), o que fica diluído na 
escala do setor. São visíveis as alterações ambientais (temperatura do ar, umidade relativa do ar e 
velocidade dos ventos) na escala próxima as edificações (entorno imediato) e os impactos gerados 
para o espaço público, diagnosticados pontualmente em relação a cada horário (conforme 
mostraram as tabela de resultados). 
De forma geral, os valores de temperatura do ar (˚C) tiveram aumento, e, em contrapartida, os 
valores de velocidade dos ventos (m/s) tiveram impacto com efeitos negativos de calmarias e 
canalizações, a umidade do ar teve redução em conseqüência do aumento da massa edificada e 
impermeabilização do solo. 
Constata-se ainda que com o aumento do gabarito, (atualmente as edificações possuem em média 
altura de 2 pavimentos) a movimentação dos ventos será alterada, surgindo mais locais de sombra 
de ventos, assim como canalização, o que reforça a diminuição da umidade. Tais efeitos devem 
ser minuciosamente analisados, principalmente numa suposta implementação de mais edificações 
com grandes alturas no setor. 
Vê-se que o Setor já se encontra bastante degradado ambientalmente e a reabilitação de toda a 
área com ou sem a implementação do cenário 1 faz-se extremamente necessária para qualidade de 
vida dos atuais e futuros habitantes. Dessa forma, mostra-se que a simulação computacional pode 
tornar-se forte aliada para subsidiar reformas e reabilitação de grandes setores urbanos, 
incorporando princípios sustentáveis para a escala do pedestre, conferido qualidade para o espaço 
público. 
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1 INTRODUCTION 
The evaluation of the environmental impacts of buildings should be made from a life-cycle 
point of view. This implies the consideration, for each building assembly, of the source of the 
construction materials, of the resources used in their execution, of the maintenance operations, 
of their expected service life, and of the replacement or demolition operations. The life-cycle as-
sessment (LCA) integrated approach is one of the most used ways to achieve this goal. This me-
thodology could be applied via a “cradle to grave” approach (including the extraction and 
processing of raw materials, the transport and distribution, the use, maintenance and final dis-
posal) or “cradle to cradle” approach (also including the reuse and/or recycling) (Ortiz et al. 
2009) based on ISO 14040:2006 and ISO 14044:2006 international standards (ISO 
14040:2006(E) 2006, ISO 14044:2006(E) 2006). The application of the LCA evaluation method 
must be followed by the creation of extensive and reliable Life Cycle Inventory (LCI) data on 
the processes, namely concerning the construction materials. This effort is already being done in 
Europe (ELCD - European Life Cycle Database (Commission 2009)) and North America (US 
LCI Database - http://www.lcacenter.org/ database.html). 
The envelope is one of the main parts of the buildings. One of its parts, the external walls, di-
rectly influence the thermal and environmental performance of the building envelope through 
their considerable weight in the envelope’s initial embodied energy, life cycle energy consump-
tion, life cycle cost and the users comfort. They could represent up to 15 % of the overall envi-
ronmental impacts of a building over a 60-year life cycle (Bingel et al. 2006). The environmen-
 
ABSTRACT: The evaluation of the environmental impacts of buildings should consider the
source of the construction materials, the resources used in the execution, the maintenance opera-
tions, the expected service life, and the replacement and/or demolition operations of each of the 
building assemblies. The Life-Cycle Assessment (LCA) integrated approach allows for the col-
lection of the data concerning all these phases of the building’s life-cycle and the evaluation of 
the corresponding environmental impacts. 
The envelope is one of the main parts of the buildings and the external walls directly influ-
ence the thermal and environmental performance of the building envelope. This paper presents a 
detailed review of LCA results of more than ten years of international research studies on the 
environmental impact of a building’s external walls, including the summary of the main results. 
The recommendations to improve the reliability and widen the scope and usefulness of these re-
search studies are also presented. 
Building’s external walls in Life-Cycle Assessment (LCA) 
research studies 
J. D. Silvestre, J. de Brito & M. D. Pinheiro 
Instituto Superior Técnico, Universidade Técnica de Lisboa, Lisboa, Portugal 
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tal impacts of each external wall solution result directly from the attributes of the materials used, 
such as its initial embodied energy and thermal properties, and from the way the solution is de-
signed and built. 
This paper presents a detailed review of LCA results of more than ten years of international 
research studies on the environmental impact of a building’s external walls. The studies in-
cluded in this paper differ in various parameters, namely their scope, objectives, level of simpli-
fication, completeness and transparency. Nevertheless, the results of each study contribute to 
identify the most environmentally friendly solutions for external walls of buildings. 
2 SCOPE AND METHODOLOGY 
The most important studies concerning the comparative evaluation of the environmental impacts 
of external walls of buildings were searched for in the main scientific databases (Science Direct, 
CIB and ASCE using keywords such as wall, LCA, brick, PhD, Thesis, building, etc. and com-
binations thereof). This compilation of studies includes scientific papers, thesis and technical 
reports from Europe (60 %), North and South America (19 %), Asia (13 %) and Oceania (8 %). 
The majority of these studies were done after 1999. This reveals the increasing concern about 
the environmental impact of buildings and building materials in the XXI century. 
Only a third of the studies compare functionally equivalent products while half of them do 
not even refer the thermal performance of the external wall solutions being evaluated and their 
results cannot be compared in equal terms. Therefore, and because the former are representative 
of different regions of the world, the latter are just cited but not fully described nor analyzed in 
this paper. Nevertheless, the studies that compare external walls that are not functionally 
equivalent but regard the operation energy are also considered in this paper. 
3 BUILDING’S EXTERNAL WALLS IN LIFE-CYCLE ASSESSMENT (LCA) RESEARCH 
STUDIES 
All 38 studies found include the production of the construction materials and just a third in-
cludes the end-of-life of the building assembly (Fig. 1). The majority (63%) evaluate the embo-
died energy of each external wall and 39% clearly refer to the use of an Environmental Impact 
Assessment Method (mostly EcoIndicator 99) and a LCA software, but just one of them expli-
citly mentions that it followed the methodology described in LCA international standards. 
 
 
Figure 1. Life-cycle phases included in LCA studies of external walls 
 
Table 1 presents an overview of the studies that compare functionally equivalent external 
walls or refer to the thermal performance of the solutions evaluated. The life-cycles considered 
for external walls differ greatly between studies. The list included in this paper is considered in-
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complete as the majority of LCA studies is made for the specific use of decision-makers and is 
not accessible as scientific literature (Werner & Richter 2007). 
 
Table 1. Comparative LCA of building´s external walls: equivalent functional (P - partial), wall structure 
Life-Cycle (LC; in years) and databases used 
      Databases 
Studies Functional 
Equivalent 
Wall 
structure LC Software 
National 
data 
Prior 
works 
(Pinto 2008) P 50 SimaPro X  
(Mateus 2004) P    X 
(Hassan 2004) X 120   X 
(Monticelli 2007) X  X   
(Lemaire 2006) P 100   X 
(Kellenberger 2008) X 50 EcoInvent   
(Athena 2009) P 60 Athena   
(Thormark 2006) X 50  X  
(Allacker & De Troyer 2005) X 75 X X  
(Huberman & Pearlmutter 2008) X 50  X  
(Gu et al. 2007, Gu et al. 2008) X  X X  
(Utama & Gheewala 2009)  40  X  
(Pierquet et al. 1998) P 30   X 
 
Within the 38 studies, less than half include the environmental impacts of the operation phase 
of the building, namely the energy use in HVAC systems calculated by a simulation tool for 
each external wall solution within a building. These are shortly described in section “3.2 Studies 
concerning LCA of entire buildings” while the other ones are described below. 
3.1 Comparative LCA studies of different solutions and materials for external walls 
This subsection includes the studies that compare the thermal, environmental and even econom-
ic performance of complete external wall solutions or evaluate the impacts of the production 
phase of blocks of different materials that are normally included in these solutions. The nine that 
compare functionally equivalent products are described next. 
A study of solutions for external walls with different coverings and insulation materials was 
made in a PhD Thesis in Portugal (Pinto 2008). It included the LCA of the walls based on 
“cradle to grave” LCA of individual construction materials using the methodology described in 
ISO 14040(ISO 14040:2006(E) 2006). In the same country, a master Thesis included the com-
parative analysis of six external wall solutions based only on the Primary Energy Consumption 
(PEC, same as embodied energy) already calculated by other researchers (Mateus 2004). Both 
works mainly regarded traditional masonry solutions. 
In Sweden, a value-focused thinking to support the environmental selection of external wall 
solutions was developed (Hassan 2004). This model was based on LCA results and environmen-
tal categories of prior works and tried to get concrete, fired clay and wood solutions with similar 
thermal transmittance. The weight of each environmental category was author-defined. 
The LCA evaluation of four low-weight solutions (also with similar thermal transmittance) 
for external walls of buildings was concluded in Italy (Monticelli 2007). At first, this work only 
considered the production and the end-of-life of the construction materials. In a second part the 
operation energy of each solution was also included. 
In France, a PhD Thesis developed a multi-criterion decision-aid tool that compares building 
products according to their environmental and health characteristics (Lemaire 2006). This tool 
was applied in the evaluation of three external wall solutions with identical functional perfor-
mance. The environmental and health impact categories considered in this study were the same 
of those included in the European Product Declarations. 
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The LCA from cradle to grave of two external wall solutions were included in a study that 
tried to define which materials and processes could or could not be neglected in this kind of 
work (Kellenberger & Althaus 2009). Therefore, the results only include the impacts for each 
impact category and wall assembly by life-cycle phase. 
A calculator of thermal resistance and environmental impact of external walls was developed 
in New Zealand (Kellenberger 2008). The LCA of these low-weight wood solutions excluded 
the construction and demolition of the building and the operation energy. 
The Athena Sustainable Materials Institute in Canada provides a free informatics tool, the 
EcoCalculator (Athena 2009). This tool makes the simplified LCA from cradle to grave of con-
struction assemblies according to North American data. 
The Green Guide to Specification of the Building Research Establishment (BRE) is already in 
its fourth edition (Anderson et al. 2002). This Guide is a database of environmental profiles of 
building assemblies with functional equivalence and comprises six building types (e. g. housing, 
commercial, education and health). The LCA of each solution followed the BRE Environmental 
Profiles Methodology and is expressed in an Ecopoint index (between A+ and E). 
Some research works compare the environmental impact of external wall solutions with dif-
ferent thermal transmittance (König et al. 2007, Mak et al. 2008). Other studies do not even re-
fer to the thermal performance of the solutions evaluated (Junnila 2003, Vandevyvere & 
Neuckermans 2004, Nielsen 2008, Lindeijer et al. 2002, Chani et al. 2003, Wang et al. 2003). 
There are also studies concerning the evaluation of the environmental impacts of the production 
of blocks and masonry units of different materials (Badino et al. 2004) (Koroneos & Dompros 
2007, Kus et al. 2008, Zhang et al. 2007, Carvalho & Sposto 2008, Silva et al. 2008). These 
types of studies normally consider the energy and emissions of the production of one metric ton 
of product avoiding any conclusions about its use in external walls. 
3.2 Studies concerning LCA of entire buildings 
This section includes six studies that compare the thermal, environmental and even economic 
performance of complete external walls solutions within a building. 
The best external wall solution was studied for a thermally efficient building in Sweden 
(Thormark 2006). The operation energy was calculated via a dynamic calculation method. 
In Belgium, a decision support tool based in the environmental cost and quality of construc-
tion assemblies was developed (Allacker & De Troyer 2005). This work included the LCA from 
cradle to grave of two external wall solutions within a three-floor building, including the energy 
consumption during use phase. 
A study dedicated to the buildings of the Negev Desert in Israel calculated their Life Cycle 
Energy Analysis (LCEA), including the cumulated and operation energy and pay-back time of 
five functionally equivalent external wall solutions (Huberman & Pearlmutter 2008). 
In China, five façade solutions for an office building were compared through the energy con-
sumption, the life cycle environmental load, the life cycle cost, the green payback time and the 
general payback time (Gu et al. 2007, Gu et al. 2008). 
A study concerning the materials of the external walls (two alternatives) and other assem-
blies, and the operation energy was recently concluded in Indonesia (Utama & Gheewala 2009). 
In the USA, a research study included the calculation of the embodied energy and thermal 
performance of twelve external wall solutions within a building in a cold climate region 
(Pierquet et al. 1998). 
A work already cited (Pinto 2008) includes the LCA of two solutions with different and un-
defined thermal transmittance: a glass curtain wall and a traditional wall of fired clay hollow 
bricks with external insulation covering. Other studies do not clarify the characteristics of the 
external wall solutions evaluated (Itard 2009, Nemry et al. 2008) (Zold & Szalay 2008, Rivela 
& Bedoya 2007, Massone 2007, Anastaselos et al. 2009, Utama & Gheewala 2006, Arena & de 
Rosa 2003, Horne et al. 2006, Frenette et al. 2007). 
3.3 Results 
In Tables 2 and 3 the main results of the studies described in 3.1 and 3.2 are summarized. The 
relative deviations from the mean, the minimum or the maximum for each product and impact 
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category are evaluated according to the classes described in Tables 2 and 3 and the method used 
in similar studies (Werner & Richter 2007). 
3.4 Interpretation 
The main purpose of the present work was to identify the most environmentally friendly solu-
tions for external walls of buildings based on the results of the studies collected. However, this 
purpose was not easy to attain because of the following causes: 
• Not all the studies clearly refer to the corresponding scope, assessment method and methodo-
logical assumptions; 
• The evaluation method differed between studies and just a few of them apply the LCA me-
thodology to compare alternatives; 
• The completeness of each study is different because the life-cycle stages included are not the 
same: some studies just compare the initial embodied energy and/or the environmental impacts 
of the production of the construction materials, other also evaluate the operation energy, and 
just a few make a LCA approach “from cradle to grave” of all the solutions; 
• The solutions evaluated in each study depend on the current constructive methods applied in 
the corresponding country or continent; 
• Some studies compare the thermal, environmental and even economic performance of com-
plete external wall solutions (but not always describing all the elements of the wall and the cor-
responding width) alone or within a building, while others just evaluate the impacts of the pro-
duction phase of blocks of different materials that are normally included in these solutions; 
• Most of the studies do not compare functionally equivalent products and this hinders the 
comparison of their environmental impacts in equal terms. 
These problems create limitations to the interpretation of the results of the studies. However, 
careful and detailed readings of all the studies collected allow some partial and global conclu-
sions that maintain the aim and justify the significance of this work. 
In each study, the environmental impacts of each alternative are compared to the better or to 
the worst solution in order to conclude which is the best product or solution for external walls. 
Even though the solutions evaluated in each study depend on the current constructive methods 
applied in the corresponding country or continent, all the partial conclusions (most of them illu-
strated in Tables 2 and 3) were weighed and some global conclusions were made, following the 
method already used in similar studies (Werner & Richter 2007). First, some conclusions about 
the environmental impacts of wall coverings are presented: 
• The replacement of a cement mortar by aluminum panels (100% recycled) in the façade could 
increase the CO2 emissions and the embodied energy just 10% but the use of aluminum of first 
fusion may augment the environmental indexes (CO2 emissions, embodied energy and Ecopoint 
UK) (Pinto 2008) up to 70%; 
• Bevel-backed weatherboards may have a worse environmental profile than fibrocement wea-
therboards because of the lower durability and higher land use (Kellenberger 2008). 
There are also some conclusions about the wall insulations: 
• An aluminum sandwich panel with PUR (Polyurethane foam) insulation could have a high 
environmental impact due to the metallic ion emissions to the water and the high energy con-
sumption of the PUR synthesis (Monticelli 2007); 
• The replacement of the EPS (Expanded polystyrene foam) insulation for cellulose fiber solu-
tion would allow for the saving of more than 30% of the wall’s embodied energy and 14% of 
raw material consumption (Thormark 2006); this material could also have a higher cumulated 
energy demand than MW (Mineral Wool) (Kellenberger 2008). 
Concerning the common alternatives for external wall solutions, the main conclusions are: 
• A brick veneer with insulation in the air gap instead of a single wall of fired clay hollow 
bricks with the same insulation solution could increase the environmental indexes (CO2 emis-
sions, embodied energy and Ecopoint UK) as much as 20% (Pinto 2008);
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Tables 2 and 3. R
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• A clay brick solution may be better than others (based in concrete or wood) in terms of emis-
sions to the water, but worse in energy consumption, recyclability, global warming potential and 
emissions to the air and soil (Hassan 2004); this solution could have lower environmental per-
formance than AAC (Autoclaved Aerated Concrete) or normal concrete block solutions in the 
following environmental categories: climatic change, atmospheric acidification, production of 
inert waste, emissions to the air, and energy consumption (Lemaire 2006); 
• A concrete wall structure could have worse environmental performance than clay brick and 
wood in emissions to the water and emissions from construction materials for the interior envi-
ronment (Hassan 2004), namely because of the high level of fine powder emission in the pro-
duction of cement (and also of concrete blocks (Monticelli 2007)); this solution may have up to 
twice the embodied energy of other solutions of blocks (concrete, AAC, stabilized soil and fly-
ash) because of the high cement and steel content, but its high heat capacity could allow for sav-
ings in the building operation energy (Huberman & Pearlmutter 2008); 
• A concrete block solution may have better environmental performance than clay brick or 
AAC block solutions in climatic change, and water and energy consumption (Lemaire 2006); 
• A AAC solution could have better environmental performance than clay brick or normal con-
crete blocks in atmospheric acidification, inert waste production and emissions to the air, but 
worse in water consumption (Lemaire 2006); even with greater embodied energy, the greater 
thermal resistance of the AAC blocks would allow for the use of a lower insulation thickness, 
and turns it into an environmentally competitive wall solution, but the low heat capacity of the 
blocks could increase the building operation energy of the solution (Huberman & Pearlmutter 
2008); 
• A low-weight steel frame wall with MW and ETICS (External Thermal Insulation Composite 
Systems) insulation and gypsum plasterboards could be preferable to heavy solutions (of clay or 
concrete) because of its low embodied energy and thermal transmittance (Athena 2009, Mateus 
2004). 
There are also some achievements concerning non-traditional external wall solutions: 
• A glass curtain wall could be the worst solution for a facade when both the production and 
operation impacts are analyzed (Athena 2009, Pinto 2008, Gu et al. 2007, Gu et al. 2008); nev-
ertheless, this solution could be better than a clay brick and steel frame solution but only when 
the thermal transmittance is different or undefined and the building use phase is not taken into 
account (Junnila 2003); 
• A lightweight timber wall (based on renewable resources) may have better environmental 
performance than clay or concrete blocks, structural concrete or steel frame wall (based on non-
renewable resources) in consumption of energy, global warming and emissions to the air and 
soil (Hassan 2004, Pierquet et al. 1998, Allacker & De Troyer 2005); 
• Wall structures built with natural materials (e.g. rammed earth, straw bale or cordwood ma-
sonry) could have a higher environmental performance by avoiding production and transport 
impacts (even better than solutions that integrate industrial wastes) and because of their high 
heat capacity (König et al. 2007, Huberman & Pearlmutter 2008, Pierquet et al. 1998). 
The interpretation and use of the results described above must be made carefully. The life-
cycles of buildings and their assemblies are complex and long-term processes. The production 
of construction materials is much simpler to model than the use of the buildings. The latter de-
pends on the user needs, habits and behavior (Werner & Richter 2007). Therefore, all the as-
sumptions influence, more or less, the LCA results. Also the quality and representativeness of 
the inventory data modify the environmentally preferable solution. This is a huge limitation to 
the extrapolation of the results of some study to the same (or other) geographic and temporal 
context without the fully comprehension of the scope, assessment method and methodological 
assumptions beneath it. 
4 CONCLUSION AND PERSPECTIVES 
In conclusion, each country has their own common construction materials and solutions for ex-
terior walls, as stated in the works described in this paper. The production technology, energetic 
mix and most significant environmental impact categories also differ from country to country. 
Despite these differences, all LCA research studies of external wall solutions must have a defi-
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nite scope and methodological approach to compare functionally equivalent products. The ma-
jority of the studies included in this paper does not follow these principles and prevents any in-
ter-comparison between their results. 
For these reasons, it is important to develop LCA studies from cradle to cradle of the tradi-
tional external wall solutions of each region with production data of the same regional source 
and including the maintenance and reuse or recycling phases and the operation energy. This last 
feature is a powerful tool by allowing the comparison of alternatives without the functional 
equivalent of thermal performance compulsion and enlarging the amount of solutions that the 
designer can consider. The LCA analysis could be complemented by a life-cycle cost calcula-
tion for each alternative, without forgetting that all these solutions must comply with the regula-
tions and standards minimum requirements (Bingel et al. 2006). The LCA studies should be 
based on ISO 14040:2006 and ISO 14044:2006 international standards (ISO 14040:2006(E) 
2006, ISO 14044:2006(E) 2006) in order to allow for the direct comparison between them and 
allow the creation of an important source of information for the building’s designer who aspires 
to make progresses in his road to sustainable construction. 
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1 INT RODUCT ION 
T hi s  wor k a i me d t o de ve l op a n a na l ys i s  a bout  t he  LCC me t hod a nd how i t  c a n be  a ppl i e d i n t he  
e c onomi c a l  a na l ys i s  of  s us t a i na bl e  c ons t r uc t i on pr oj e c t s . In t hi s  a ppl i c a t i on t he  LCC wa s  a p-
pl i e d t o t e s t  whi c h l e a s t  gl oba l  c os t , i n a  hous i ng pr oj e c t , c a n be  obt a i ne d c ompa r i ng a  s us t a i n-
a bl e  a nd a  c onve nt i ona l  pr oj e c t  a l t e r na t i ve . 
T he  LCC i s  a n e c onomi c a l  e va l ua t i on me t hod whe r e  a l l  c os t s  a s s oc i a t e d t o t he  a c qui s i t i on, 
ope r a t i on, ma i nt e na nc e  a nd f i na l  l a ndf i l l  a r e  c ons i de r e d, be i ng a l l  i mpor t a nt  t o i nve s t or s  de c i -
s i on. 
Ha vi ng t he s e  c ons i de r a t i ons  i n mi nd t he  LCC i s  pa r t i c ul a r l y i ndi c a t e d t o a na l yze  di f f e r e nt  
pr oj e c t  a l t e r na t i ve s , i n t e r ms  of  bui l di ng c onc e pt i ons  t ha t  c a n ma t c h s ome  de s i r a bl e  pe r f or -
ma nc e , a s  c omf or t  ne e ds , s e c ur i t y, me e t i ng l e ga l  r e qui r e me nt s , e t c ., a nd t ha t  ha ve  di f f e r e nt  i ni -
Eco n o mic F eas ib ility An alys is  o f  S u s tain ab le C o n s tru ctio n  
Meas u res   
Li l i a na Fi l i pa Vi ana S oares  
ECOCHOICE S.A., Lisboa, Portugal 
ABST RACT :  T he  e c onomi c a l  a na l ys i s  of  a  c ons t r uc t i on pr oj e c t  a l l ows  t he  f e a s i bi l i t y e va l u a -
t i on on t he  mone t a r y r e s our c e s  be i ng a ppl i e d, i n t e r ms  of  i ni t i a l  i nve s t me nt  a nd /  or  f ut ur e  c os t s  
( ope r a t i on, ma i nt e na nc e , e t c .) , c ons i de r i ng e qua l l y t e c hni c a l  l i a bl e  opt i ons  f or  c ons t r uc t i on.   
T hi s  a na l ys i s  gi ve s  t he  i nve s t or  a  mor e  r e a l i s t i c  a nd c ompr e he ns i ve  a ppr oa c h a bout  t he  i nve s t -
me nt  he  i s  a bout  t o ma ke , a nd i n wha t  t hi s  r e s ul t s  i n t e r ms  of  bui l di ng us e . T he  c os t -be ne f i t  
a na l ys i s  c a n pr e c i s e l y de mons t r a t e  whi c h e c onomi c a l  be ne f i t s  c a n be  r e a c he d wi t h wha t  c os t s . 
In t hi s  wor k t he  Li f e  Cyc l e  Cos t  – LCC - me t hod ( a l s o c a l l e d LCCA - Li f e  Cyc l e  Cos t  Ana l y-
s i s )  wa s  us e d t o c a l c ul a t e  t he  gl oba l  c os t  a s s oc i a t e d t o a  c ons t r uc t i on pr oj e c t , t hough a  s pe c i f i c  
pe r i od of  t i me , c ompa r i ng i t  t o e qui va l e nt  a l t e r na t i ve s , s o t ha t  t he  l e a s t  gl oba l  c os t  a l t e r na t i ve  
c oul d be  de f i ne d.   
T he  de ve l opme nt  of  t hi s  me t hod s t a r t s  by ma ki ng a  l i f e  c yc l e  s t udy i de nt i f yi ng e ve r y s t e ps  i n 
whi c h a  pr oj e c t , s e r vi c e  or  pr oduc t  de ve l opme nt  i s  e nga ge d, s i nc e  i t s  c onc e pt i on t o t he  e nd of  
i t s  l i f e  c yc l e , whe r e  t ha t  pr oj e c t  be c ome s  obs ol e t e . 
In a  l i f e  c yc l e  a na l ys i s , c ons i de r i ng a  s us t a i na bl e  poi nt  of  vi e w, e nvi r onme nt a l , s oc i a l  a nd e c o-
nomi c a l  a s pe c t s  mus t  be  c ons i de r e d. In t he  s pe c i f i c  LCC a na l ys i s  onl y t he  e c onomi c a l  a s pe c t s , 
a s s oc i a t e d wi t h a l l  e vol ve d c os t s , a r e  me a s ur e d. Al t hough t he  i ni t i a l  i nve s t me nt  c os t s  of  a  c on-
s t r uc t i on pr oj e c t  c a n be  ve r y s i gni f i c a nt  ( c ons t r uc t i on s t a ge )  i t ’ s  dur i ng t he  us e  s t a ge  t ha t  mos t  
c os t s  a r e  ma de , a s s oc i a t e d wi t h nor ma l  us e , ma i nt e na nc e , r e pa i r i ng, s ubs t a t i on, e t c ., of  t he  c on-
s t r uc t e d s pa c e . T hi s  e f f e c t  i s  a l s o r e l a t e d t o t he  dur a t i on of  t he  us e  s t a ge , c ompa r e d t o t he  c on-
s t r uc t i on s t a ge . Al s o, t he  de mol i t i on, l a ndf i l l  a nd /  or  r e c yc l i ng c os t s  mus t  be  c ons i de r e d a s  a  
pa r t  of  a l l  bui l di ng c os t s . 
In t hi s  wor k a n a na l ys i s  a bout  t he  LCC, i t s  obj e c t i ve , f unc t i ona l i t y, a ppl i c a bi l i t y a nd a dva nt a g-
e s  wa s  ma de . It  wa s  a l s o a  goa l  of  t hi s  wor k t o t e s t  t hi s  me t hod a ppl i c a bi l i t y t o a  s us t a i na bl e  
c ons t r uc t i on c a s e  s t udy. In t hi s  e xa mpl e  t he  LCC me t hod wa s  a ppl i e d t o de t e r mi ne  t he  l e a s t  
gl oba l  c os t  of  a  hous i ng pr oj e c t  c ons i de r i ng a  c onve nt i ona l  vs . s us t a i na bl e  a l t e r na t i ve  pr oj e c t .  
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t i a l , ma i nt e na nc e , ope r a t i on a nd r e pa r a t i on c os t s . T he  LCC c a n be  e a s i l y us e d t o e va l ua t e  di f -
f e r e nt  i nve s t me nt s  t ha t  ha ve  bi gge r  i ni t i a l  c os t s  but  t ha t  c a n pr oduc e  l e s s  c os t s  t hr ough t he  l i f e  
c yc l e , be i ng a n a ppr opr i a t e  e c onomi c a l  me t hodol ogy t o l ong t e r m pr oj e c t s  r a t he r  t ha n t he  s i m-
pl e  i nve s t me nt  c os t  e va l ua t i on ( Ful l e r  e t  a l , 1995) .  
T hi s  me t hodol ogy gi ve s  t he  i nve s t or  s e ve r a l  da t a  a bout  t he  i nve s t me nt  he  i s  a bout  t o ma ke , 
f a c e  t o a  gr oup of  t e c hni c a l l y l i a bl e  e qui va l e nt  opt i ons . Al t hough, i t ’ s  i mpor t a nt  t o r e f e r  t ha t  
e c onomi c a l  a s pe c t  c a n j us t  be  one  of  s e ve r a l  s e l e c t i on c r i t e r i a  i n c ons t r uc t i on pr oj e c t s , but , 
whe n c ons i de r i ng e qui va l e nt  t e c hni c a l l y l i a bl e  opt i ons , t hi s  a na l ys i s  c a n gi ve  t he  be s t  c hoi c e  
c ons i de r i ng t he  gl oba l  c os t  of  e a c h a l t e r na t i ve .  
T he  LCC i s  a  ve r y de ma ndi ng me t hod t ha t  i mpl i e s  t he  e va l ua t i on of  s pe c i f i c  i nf or ma t i on on 
t he  i nve s t me nt  a nd a l s o on t he  pr e s e nt  va l ue  c a s h f l ows , wi t h t he  a ppr opr i a t e d di s c ount  r a t e  of  
t he  i nve s t me nt , a c c or di ng t o t he  mi ni ma l  r a t e  of  r e t ur n pr e s e nt e d by t he  i nve s t or . 
A c ons t r uc t i on pr oj e c t ’ s  pl a nni ng, de s i gn a nd c ons t r uc t i on e vol ve s  s e ve r a l  de c i s i ons , ma ny 
of  t he m pur e l y e c onomi c a l . Ne ve r t he l e s s  s ome  de c i s i ons  i nc l ude  ot he r  a s pe c t s :  e nvi r onme nt a l , 
s oc i a l , pol i t i c a l , e s t he t i c , e t c . It ´s  i mpor t a nt  t o r e f e r  t ha t  de s i gn ha s  a  c r uc i a l  i mpa c t  i n t he  
bui l di ng f ut ur e  pe r f or ma nc e , i n i t s  ope r a t i on a nd ma i nt e na nc e  c os t s  a nd, wi t h t ha t , i t s  gl oba l  
c os t s . Be c a us e  of  t ha t , LCC mus t  be  a dopt e d s i nc e  t he  pr oj e c t  i ni t i a l  s t a ge s , s uppor t i ng pr oj e c t  
c hoi c e s  t ha t  c a n be  r e f l e c t e d i n t he  us e  of  t he  bui l di ng. T he  de t a i l  i n whi c h t hi s  a na l ys i s  c a n be  
ma de  de pe nds  on t he  ne e ds  a nd goa l s  of  t he  owne r , a nd c a n be  de ve l ope d t o t he  c ompl e t e  bui l d-
i ng c onc e pt i on e va l ua t i on or  i n f ut ur e  ma t e r i a l  or  c ons t r uc t i on t e c hni que s  s e l e c t i on.  
 
Figur e  1  –  Ca sh Flo w r e la te d  to  c o nstr uc tio n p r o j e c ts ( Austr a lia n N a tio na l Aud it O ffic e ,  2 0 0 1 )  
 
It ’ s  i mpor t a nt  t o r e f e r  t ha t  t he  e c onomi c a l  a na l ys i s  de ve l ope d by LCC c a n a l s o be  us e d i n 
a not he r  di f f e r e nt  a s pe c t . K nowi ng t he  gl oba l  c os t  of  s e ve r a l  a l t e r na t i ve s  i t ’ s  a l s o pos s i bl e  t o e s -
t a bl i s h a n e qui va l e nt  c ompa r a t i ve  ba s e  a nd de f i ne  t he  c hoi c e s  t o be  done  wi t h ot he r  c r i t e r i a  
( e nvi r onme nt a l , e s t he t i c s , e t c .) . 
Any gl oba l  c os t  s t udy mus t  be  we l l  doc ume nt e d i n or de r  t o a l l ow a n obj e c t i ve  e va l ua t i on of  
a l l  s t e ps  of  t he  de c i s i on ma ki ng, whe n s e l e c t i ng t he  be s t  a l t e r na t i ve s , a nd a l s o t o ma ke  t hi s  i n-
f or ma t i on a va i l a bl e  t o f ut ur e  e va l ua t i ons .  
2 LIFE CYCLE COST  M ET ODOLOGY 
Inde pe nde nt l y t he  me t hod t o be  c hos e n, t he  f i r s t  s t e p t o a n e c onomi c a l  a na l ys i s  c or r e s ponds  t o 
t he  de s c r i pt i on of  t he  pr oj e c t  a nd i t s  ge ne r a l  c ha r a c t e r i s t i c s .  In t he  s pe c i f i c  c a s e  of  c ons t r uc t i on 
pr oj e c t s , t hi s  i nf or ma t i on mus t  f oc us  on t he  bui l di ng de s i gn a s  a l s o on t he  t ype  of  oc c upa t i on, 
a c t i vi t i e s  a nd i nt e r na l  c omf or t  ne e ds . T he  a l t e r na t i ve s  c r i t e r i a  of  e va l ua t i on a nd a na l ys i s  mus t  
be  de ve l ope d a c c or di ng t o t hi s  i nf or ma t i on, a s  a l s o t he  t e c hni c a l  a nd l e ga l  r e qui s i t e s  t o be  c on-
s i de r e d. 
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Af t e r  t he s e , t he  a c qui s i t i on, ope r a t i on, ma i nt e na nc e  a nd f i na l  s c e na r i o c a l c ul a t i on pr oc e s s e s  
mus t  be  de ve l ope d a c c or di ng t o a l l  a l t e r na t i ve s  c ons i de r e d.  
T he r e  a r e  t wo c os t  c a t e gor i e s  t ha t  mus t  be  de t e r mi ne d, na me l y:  
• Inve s t me nt  Cos t s , ge ne r a l l y a s s oc i a t e d t o t he  i ni t i a l  mome nt  of  a na l ys i s  i n t he  LCC;  a nd 
• Ope r a t i on Cos t s , t o whi c h a l l  f ut ur e  c os t s  a r e  r e l a t e d. 
T he  f i r s t  one s  a r e  r e l a t e d t o a c qui s i t i on, i ns t a l l a t i on, de s i gn, pl a nni ng, e t c . of  t he  s ol ut i ons  
be i ng s t udi e d. T he  ope r a t i on c os t s  i nc l ude  a l l  c os t s  t ha t  r e s ul t  of  t he  nor ma l  us e  of  t he  s ol u-
t i ons , i t s  ma i nt e na nc e  ne c e s s a r y t o i t s  c or r e c t e d f unc t i oni ng, a l l  r e pa r a t i on or  s ubs t i t ut i on c os t s , 
a nd a l s o c os t s  a s s oc i a t e d t o e nd of  l i f e  t ha t  c a n be  r e c yc l i ng of  e qui pme nt s  or  f i na l  l a ndf i l l , e t c . 
Al s o t he  r e s i dua l  c os t s  of  t he  s ol ut i on a t  t he  l i f e  c yc l e  e nd mus t  a l s o be  pr e s e nt e d, i f  t he y e x-
i s t , c or r e s pondi ng t o t he  a c t ua l  ma r ke t  va l ue  of  t he  s ol ut i on a t  t he  e nd of  l i f e  c yc l e . 
Bot h c os t s  mus t  be  c ons i de r e d f a c e  t o i t s  a nnua l  va l ue , s o t ha t  t he  c or r e s pondi ng c a s h f l ow 
i nve s t me nt  di a gr a m c a n be  de ve l ope d. 
Af t e r  obt a i ni ng t he s e  c os t s  a nd t he  c a s h f l ow di a gr a m t he r e ’ s  pos s i bl e  t o c a l c ul a t e  t he  Gl oba l  
c os t  of  e a c h a l t e r na t i ve . 
T he  Gl oba l  Cos t  ( CG)  i s  gi ve n by:  
 
 
W he r e :  
• Ct  =  Sum of  a l l  r e l e va nt  c os t s  oc c ur r i ng i n t he  t  pe r i od of  t i me , i nc l udi ng t he  i ni t i a l  i n-
ve s t me nt  c os t s  ( CF not  a c t ua l i ze d t o ye a r  t )  
• d =  di s c ount  r a t e  
• t  =  t i me  pe r i od ( pe r i od of  t he  LCC a na l ys i s )   
 
Af t e r  t he  Gl oba l  Cos t  me t hodol ogy a na l ys i s  i t ’ s  pos s i bl e  t o de t e r mi ne  t ha t  t he r e  a r e  s e ve r a l  
be ne f i t s  i n i t s  us e , pa r t i c ul a r l y i n c ons t r uc t i on pr oj e c t s .  
Cons t r uc t i on pr oj e c t s  ge ne r a l l y a r e  pr oj e c t s  t ha t  pr e s e nt  s i gni f i c a nt  i nve s t me nt  c os t s , whe r e  
i t ’ s  c r uc i a l  t o de ve l op t he  a de qua t e  e c onomi c a l  t o t he  i nve s t me nt  t o be  ma de . 
In pr a c t i c a l  t e r ms  t he  LCC a l l ows  t he  c a l c ul a t i on of  t he  c os t s  t ha t  wi l l  e xi s t  i n us e  s t a ge  of  
bui l di ngs , a l t hough t he  i ne vi t a bl e  unc e r t a i nt y whe n pr e di c t i ng f ut ur e  bui l di ng c ons umpt i ons  
a nd c os t s , a nd, wi t h t ha t , t he  gl oba l  c os t  of  s e ve r a l  a l t e r na t i ve s .  
3 CASE ST UDY APPLICAT ION   
T he  pr oj e c t  us e d a s  a  c a s e  s t udy c or r e s ponds  t o t he  Ar c os  de  Sa nt a  Ir i a  ur ba ni za t i on t ha t  i s  
c ompos e d on 45 i nde pe nde nt  hous i ng, l oc a t e d i n t he  muni c i pa l i t y of  Óbi dos , i n Por t uga l . 
Al l  hous i ng c ons i de r e d ha s  t hr e e  or  f our  be dr ooms , e xi s t i ng s ma l l  va r i a t i ons  i n bot h t ypol o-
gi e s . T he  pr oj e c t  wa s  c onc e i ve d i n 2007 a nd t he  c ons t r uc t i on s t a r t e d i n 2008. 
Se ve r a l  s us t a i na bi l i t y me a s ur e s  we r e  s t udi e d by t he  c ons ul t a nc y c ompa ny ECOCHOICE S. 
A., a c c or di ng t o t he  owne r  obj e c t i ve s  on t he  pr oj e c t  ( ECOCHOICE, 2007) . T o t hi s  e c onomi c a l  
s t udy onl y t hos e  t ha t  we r e  c hos e n by t he  owne r  we r e  c ons i de r e d. 
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Figur e  2  –  U r b a niz a tio n Ar c o s d e  Sa nta  I r ia  –  Ó b id o s,  P o r tuga l ( E CO CH O I CE ,  2 0 0 7 )  
 
T hos e  me a s ur e s  we r e  de ve l ope d t o i mpr ove  t he  bi oc l i ma t i c  pe r f or ma nc e  of  bui l di ngs , t he  
e ne r gy c ons umpt i on a nd e f f i c i e nc y a nd a l s o t o r e duc e  t he  wa t e r  c ons umpt i on. Ot he r  me a s ur e s  
we r e  a l s o pr opos e d but  not  i nc l ude d i n t he  pr oj e c t . 
T o f a c i l i t a t e  t he  LCC pr oc e s s  t he  f our  be dr oom t ypol ogy wa s  us e d a s  t he  e l e me nt  of  a na l ys i s , 
s o a l l  c os t s  we r e  c a l c ul a t e d a c c or di ng t o i t s  di me ns i ons  a nd c ha r a c t e r i s t i c s .  
Ac c or di ng t o t he  c ons i de r e d me a s ur e s  t he  c onve nt i ona l  a nd s us t a i na bl e  s c e na r i os  we r e  a na -
l yze d. 
T he  ma i n di f f i c ul t i e s  of  t he  LCC me t hod a r e  r e l a t e d wi t h t he  f a c t  t ha t  s ome  of  t he  be ne f i t s  
a nd s ome  of  t he  ope r a t i on a nd ma i nt e na nc e  c os t s  a r e  ve r y di f f i c ul t  t o obt a i n a nd ha ve  l a r ge  un-
c e r t a i nt y. Some  be ne f i t s  a r e  ve r y di f f i c ul t  t o t r a ns l a t e  i nt o e c onomi c a l  uni t s , l i ke  i ndoor  c om-
f or t , s oi l  a nd bi odi ve r s i t y pr ot e c t i on, e t c .  
T o de ve l op t he  e c onomi c a l  a na l ys i s  a  t hi r t y ye a r s  pe r i od wa s  c ons i de r , s i nc e  t hi s  i s  t he  ma x-
i mum pe r i od of  t i me  c ons i de r e d a de qua t e  t o t hi s  me t hod. Al t hough bui l di ngs  nor ma l l y a r e  
pl a nne d t o a  mi ni mum of  f i f t y ye a r s  of  dur a t i on, a  t hi r t y ye a r s  pe r i od of  hous i ng us e  c a n be  
c ons i de r e d a s  a n a c c e pt a bl e  a ve r a ge . 
T he  di s c ount  r a t e  us e d wa s  a bout  7% , s i nc e  t hi s  wa s  t he  c ombi na t i on be t we e n t he  na t i ona l  
T r e a s ur y bi l l  r a t e s  wi t h t he  r i s k r a t e  of  t he  i nve s t me nt . 
T o de t e r mi ne  ot he r  c os t s  c a l c ul a t i ons  t he  e ne r gy t a r i f f s  ( c ommon t o a l l  muni c i pa l i t i e s )  we r e  
a na l yze d a nd a l s o t he  l oc a l  wa t e r  t a r i f f s  ( t ha t  di f f e r  a c c or di ng t o t he  muni c i pa l i t y) . T he  f ol l ow-
i ng va l ue s  we r e  f ound:   
• Ene r gy:  0,1143 €/ kW h i n l ow vol t a ge  e l e c t r i c i t y;  
• W a t e r :  0,74€/ m 3  t o c ons umpt i ons  be t we e n 11 a nd 30 m 3  f or  e a c h t wo mont hs . 
In a  ge ne r a l  w a y, i t ’ s  pos s i bl e  t o s a y t ha t , i n qua nt i t a t i ve  a s pe c t s , t he  s us t a i na bl e  me a s ur e s  
a r e  di r e c t l y t r a ns l a t e d i n mone t a r y be ne f i t s  t hough t he  r e duc t i on of  e ne r gy a nd wa t e r , wi t hout  
i nt e r f e r i ng i n t he  c omf or t  pe r c e pt i on by us e r s . 
Al l  s e l e c t e d me a s ur e s  a r e  di vi de d i nt o pl a nni ng a nd i nt e gr a t i on a r e a s , na me l y, i n bi oc l i ma t i c  
a r c hi t e c t ur e  t o obt a i n pa s s i ve  wa ys  t o me e t  l e ga l  r e qui r e me nt s ;  e ne r gy pr oduc t i on s ys t e ms  a nd 
a l s o wa t e r  s a vi ng s t r a t e gi e s . 
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3.1 A Scenario –Conventional Construction 
T he  f i r s t  i nve s t me nt  opt i on r e s pe c t s  t o t he  us e  of  me a s ur e s  a nd e qui pme nt s  e qua l  t o c ommon 
pr a c t i c e  whi c h doe s n’ t  r e pr e s e nt  a ny i mpr ove me nt  t o gl oba l  pe r f or ma nc e , by c ompa r i s on t o 
t r a di t i ona l  hous i ng i n Por t uga l .  
T he s e  me a s ur e s  a r e :  
• T he  t he r ma l  i ns ul a t i on wi l l  be  c ompos e d by e xt r ude d pol ys t yr e ne  f oa m ( X PS)  wi t h 4 
c m;  
• T he  s l a b wi l l  be  di r e c t l y c ons t r uc t e d on t he  gr ound;  
• T he  wi ndows  a r e  s i mpl e  a nd t he  f r a me s  ha ve  no t he r ma l  br e a k;  
• T he  e l e c t r i c  de vi c e s  a nd l a mps  ha ve  no e ne r gy e f f i c i e nc y l a be l ;  
• T he  t a ps , s howe r s  a nd f l us hi ng t a nks  wi l l  be  pr oduc e d wi t h s t a nda r d ma t e r i a l s  a nd wi l l  
ha ve  r e gul a r  f l ows  ( 10 a nd 15 l i t e r s  pe r  mi nut e , r e s pe c t i ve l y, a nd 10 l i t e r s  pe r  f l us hi ng) ;  
• T he  dome s t i c  hot  wa t e r  ( DHW )  a nd t he  he a t i ng s ys t e ms  wi l l  be  me t  t hough a n e l e c t r i c  
t he r mo a c c umul a t or . 
  
Al l  t he s e  opt i ons  we r e  de f i ne  i n or de r  t o e s t a bl i s h t he  mos t  c ommon c ons t r uc t i on s t r a t e gi e s  
a t  t ha t  t i me . It s  i mpor t  t o r e f e r  t ha t , a t  t he  t i me  t he  pr oj e c t  wa s  de ve l ope d ( 2007)  t he  e ne r gy pe r -
f or ma nc e  di r e c t i ve , a l r e a dy t r a ns l a t e d t o Por t ugue s e  l a ws , wa s n’ t  ye t  a n obl i ga t i on. Al t hough, 
s i nc e  2008 t hi s  ha ve  t ur ne d t o be  a n r e qui r e me nt  t o a l l  ne ws  bui l di ngs , a nd, s i nc e  t he n, t he  
e ne r gy c e r t i f i c a t e  t o ne w bui l di ngs  mus t  be  obt a i n i n or de r  t o ge t  t he  hous e  us e  l i c e ns e .  
T hi s  me a ns  t he  owne r  ha d t o c ons i de r  wha t  me a s ur e s  he  woul d a ppl y t o hi s  i t s  pr oj e c t  i n or -
de r  t o i mpr ove  t he  e ne r gy pe r f or ma nc e  i n a  t i me  whe r e  t he s e  we r e  not  c ons i de r e d a nd whe r e  a  
l a c k of  knowl e dge  a nd e xpe r t i s e  wa s  s t i l l  mi s s i ng. 
3.2 B Scenario – Sustainable Construction 
T o i mpr ove  gl oba l  s us t a i na bl e  pe r f or ma nc e  of  bui l di ng, s us t a i na bl e  c ons t r uc t i on me a s ur e s  we r e  
a na l yze d a nd pr opos e d, by c ha ngi ng t he  pr e vi ous l y pr e s e nt e d one ’ s , i n or de r  t o me e t  s us t a i na -
bl e  pa r a me t e r s . W i t h t he s e  pa r a me t e r s  t he  a l l  hous e  woul d be  c a pa c i t a t e d t o i mpr ove  i t s  pe r -
f or ma nc e  a nd, wi t h t ha t , t o r e duc e  r e s our c e  c ons umpt i ons  a nd ope r a t i on c os t s , t hough i t s  l i f e  
c yc l e . 
T he  a l t e r na t i ve  me a s ur e s  c ons i de r e d t o i mpr ove  t he  bi oc l i ma t i c  pe r f or ma nc e  of  t he  hous e  
we r e :  
• Cor k i ns ul a t i on, l oc a l l y pr oduc e d, wi t h 6 c m ( l a r ge r  t ha n t he  X PS a l t e r na t i ve  c ons i -
de r e d) ;  
• V e nt i l a t e d Sl a b, by oppos i t i on t o t he  s l a b-on-gr ound;  
• Doubl e  gl a zi ng wi ndows  wi t h t he r ma l  br e a k f r a me s , t ha t  ha ve  a  e xt r e me l y hi ghe r  e ne r gy 
e f f i c i e nc y t ha n t hos e  c ons i de r e d i n t he  c onve nt i ona l  c ons t r uc t i on;  
T he s e  s ol ut i ons  wi l l  i mpr ove  t he  pa s s i ve  pe r f or ma nc e  of  t he  bui l di ng e nve l ope  r e duc i ng t he  
e ne r gy ne e ds  t o i ndoor  a c c l i ma t i za t i on.  
T o mi ni mi ze  a nd opt i mi ze  t he  r e ma i ni ng e ne r gy c ons umpt i ons , t he r e  we r e  pr opos e d a l t e r na -
t i ve s  l i ke :  
• El e c t r i c  de vi c e s  a nd l a mps  wi t h A-r a t e d a c c or di ng t o Eur ope a n e ne r gy l a be l  r a t t i ng;  
• Al s o t o r e duc e  t he  e ne r gy c ons umpt i on of  e qui pme nt s  a nd e l e c t r i c  s ys t e ms  a  s ol a r  e ne r gy 
s ys t e m t o DHW , s uppor t e d by t he  t he r mo a c c umul a t or , wa s  pr opos e d. 
T hi s  s t r a t e gi e s  c a n r e duc e  t he  di r e c t  us e  of  e l e c t r i c i t y a nd a l s o, t hough t he  s ol a r  s ys t e m, de -
ve l op l oc a l  e ne r gy pr oduc t i on s ys t e ms , a voi di ng gr i d e l e c t r i c i t y us e . 
T o r e duc e  wa t e r  c ons umpt i on i n t a ps  a nd s howe r s  f l ux r e duc t i on de vi c e s  wi l l  be  c ons i de r e d 
a nd, t o r e duc e  f l us hi ng t a nks  wa t e r  vol ume , doubl e  f l us hi ng t a nks  a nd, s i mul t a ne ous l y, l owe r  
ma xi mum vol ume s  of  di s c ha r ge . By ot he r  ha nd, f or  pur e  e nvi r onme nt a l  r e a s ons , t he  c hos e n 
t a ps  a nd s howe r s  a r e  ma de  of  a  s pe c i a l  e c ol ogi c a l  ma t e r i a l  wi t h no l e a d. T hi s  f a c t  ma ke s  t hi s  
i nve s t me nt  mor e  e xpe ns i ve  t ha n t he  nor ma l  ma t e r i a l s  t ha t  a r e  us e d but  doe s n’ t  r e f l e c t  di r e c t l y 
i nt o e c onomi c  be ne f i t s , whe n e va l ua t i ng t he  gl oba l  c os t  of  t he  hous e . 
T hi s  i s  one  of  t he  a s pe c t s  t ha t  s e r i ous l y di f f i c ul t  t he  LCC a na l ys i s  whe n mor e  i nt e ns i ve  e nvi -
r onme nt a l  me a s ur e s  a nd s ol ut i ons  a r e  c ons i de r e d s i nc e  t he r e  e c onomi c  a dde d va l ue  c a nnot  be  
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s e e n a t  l oc a l  l e ve l  ( bui l di ng, r e gi on, e t c .)  but  a t  t he  pos i t i ve  i mpa c t  t o bi odi ve r s i t y or  r e s our c e  
de pl e t i on, f or  e xa mpl e .  
4 RESULT S 
Ac c or di ng t o da t a  pr e s e nt e d i n t he  pr e vi ous  c ha pt e r s  e a c h a l t e r na t i ve  gl oba l  c os t  a na l ys i s  wa s  
de ve l ope d, c ons i de r i ng t he  i ni t i a l  i nve s t me nt  c os t s  but  a l s o t he  f ut ur e  c os t s  t ha t  e a c h a l t e r na t i ve  
r e pr e s e nt s . 
T o do s o, t he  uni t  a ve r a ge  c os t s  a nd a l s o t he  i ni t i a l  c os t s  we r e  de t e r mi ne d f or  e a c h me a s ur e , 
t o t he  f our  be dr ooms  hous e . T o t hi s  hous e  t he  pr oj e c t ’ s  i nf or ma t i on ne e de d t o ma ke  t he  gl oba l  
c a l c ul a t i ons , a f t e r  t he  uni t  a ve r a ge  c os t s  ha ve  be e n de t e r mi ne d, a r e :  
• Ext e r na l  wa l l s  a r e a :  281,11m 2  
• Roof  a r e a :  140,7 m 2  
• W i ndows  a r e a :  24,98 m 2  
• Sl a b a r e a :  110, 49 m 2  
 
T a b l e  1  –  A Sc e na r io  I nve stme nt  
So lutio n T yp e  U nit Co st  U nits T o ta l q ua ntity  T o ta l Co st ( € )  
I nsula tio n X P S ( 4 c m)  4 , 5  € /m2  3 1 3 , 8 1  1 4 1 2 , 1 4 5  
Sla b  O n gr o und  2 0 , 0 4  € /m2  1 1 0 , 5  2 2 1 4 , 4 2  
W ind o ws  Simp le  1 7 0 , 8  € /m3  2 5  4 2 7 0  
La mp s Fila me nt 1  € /la mp  2 4  2 4  
E le c tr ic  d e vic e s E  - r a te d  2 5 0 0  € /kitc he n 1  2 5 0 0  
D H W  a nd  he a ting  T he r mo  a c c umula to r  3 0 0  € /e q uip me nt  1  3 0 0  
T a p s Co nve ntio na l 1 0 6 , 9  € /e q uip me nt  5  5 3 4 , 5  
Sho we r s  Co nve ntio na l 4 5 6  € /e q uip me nt  2  9 1 2  
Flushing ta nks Co nve ntio na l 3 0 0  € /e q uip me nt  3  9 0 0  
T o ta l inve stme nt 1 3 . 0 6 7 , 0 6 5  
 
For  t he  c ons i de r e d s ol ut i ons , ha s  r e f e r r e d i n t a bl e  1, t he  e xi s t i ng c os t s  t ha t  a r e  ne c e s s a r y t o 
de ve l op t o LCC a na l ys i s , whe r e  c a l c ul a t e d a nd pr e s e nt e d i n t a bl e  2.  
T o do t hi s  c a l c ul a t i ons  s ome  s i mpl i f i c a t i ons  ha d t o be  ma de  c or r e s pondi ng t o us e r s  pr of i l e . 
In or de r  t o do s o, a  f our  e l e me nt  f a mi l y wa s  c ons i de r e d wi t h a  hous e  oc c upa t i on ma i nl y dur i ng 
t he  l a t e  a f t e r noon a nd ni ght . 
Some  ot he r  s i mpl i f i c a t i ons  ha d t o be  done , a l s o c ons i de r i ng t he  a ve r a ge  c ons umpt i on of  wa -
t e r  a nd e l e c t r i c i t y pe r  oc c upa nt . Al t hough t hi s  c a n br i ng s ome  unc e r t a i nt y t o t hi s  s t udy, t hi s  a s -
pe c t s  i s  mi ni mi ze d by t he  us e  of  t he  s a me  s i mpl i f i c a t i ons  i n bot h s c e na r i os . 
 
T a b le  2  –  Co sts r e la te d  to  A Sc e na r io  –  Co nve ntio na l Co nstr uc tio n  
Co nve ntio na l Co nstr uc tio n  
I nitia l I nve stme nt  1 3 0 6 7 , 0 6 5  €  
E ne r gy c o sts  1 7 2 8 , 7 8  € /ye a r  
W a te r  c o sts  1 1 7 , 2 2  € /ye a r  
Re sid ua l va lue  ( 3 0  ye a r s )  0  €  
M a in te na nc e  c o sts  0  €  
Sub stitutio n c o sts ( la mp s)  4 8  € /ye a r  
 
In t he  B Sc e na r i o – s us t a i na bl e  c ons t r uc t i on, s e ve r a l  c ha nge s  oc c ur  whe n c ons i de r i ng uni t  
a ve r a ge  c os t s , whi c h c a n be  s e e n i n t a bl e  3. 
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T a b le  3  –  B  Sc e na r io  I nve stme nts 
So lutio n T yp e  U nit Co st  U nits T o ta l q ua ntity  T o ta l Co st ( € )  
I nsula tio n Co r k ( 6 c m)  8 , 2 5  € /m2  3 1 3 , 8 1  2 5 8 8 , 9 3 3  
Sla b  V e ntila te d  2 9 , 2 8  € /m2  1 1 0 , 5  3 2 3 5 , 4 4  
W ind o ws  D o ub le  gla z ing ( the r ma l b e a k fr a me s)  2 4 8 , 8 9  € /m3  2 5  6 2 2 2 , 2 5  
La mp s CFL 9  € /la mp  2 4  2 1 6  
E le c tr ic  d e vic e s A r a te d  2 5 0 0  € /kitc he n 1  2 5 0 0  
D H W  a nd  he a ting So la r  e ne r gy p a ne ls a nd  the r mo  a c c umula to r   3 4 7 0 , 4 5  € /e q uip me nt  1  3 4 7 0 , 4 5  
T a p s E c o lo gic a l +  flux r e d uc tio n d e vic e  2 2 3  € /e q uip me nt  5  1 1 1 5  
Sho we r s  E c o lo gic a l +  flux r e d uc tio n d e vic e  9 9 0  € /e q uip me nt  2  1 9 8 0  
Flushing ta nks D o ub le  flushing ( 3  a nd  6  L)  3 0 0  € /e q uip me nt  3  9 0 0  
T o ta l inve stme nt 2 2 . 2 2 8 , 0 7  
 
Ha s  de ve l ope d f or  A s c e na r i o, a l s o t o t he  s us t a i na bl e  c ons t r uc t i on opt i ons  t he  l i f e  c yc l e  c os t s  
we r e  de t e r mi ne d, t hr ough t he  s a me  s i mpl i f i c a t i ons  i n t e r ms  of  t he  us e r s  pr of i l e , ha s  de s c r i be d 
be f or e .    
T a b le  4 –  Co sts r e la te d  to  B  Sc e na r io  –  Susta ina b le  Co nstr uc tio n 
Susta ina b le  Co nstr uc tio n  
I nitia l I nve stme nt 2 2  2 2 8 , 0 7  €  
E ne r gy c o sts 3 8 7 , 9 3  € /ye a r  
W a te r  c o sts 5 5 , 2 2  € /ye a r  
Re sid ua l va lue  ( 3 0  ye a r s)  0  €  
M a inte na nc e  c o sts 0  €  
Sub stitutio n c o sts ( la mp s)  2 1 6  € /6  in 6  ye a r s 
 
Ha s  i t  c a n be  s e e n, t he  i ni t i a l  i nve s t me nt  of  B Sc e na r i o – Sus t a i na bl e  Cons t r uc t i on i s  a bout  
1,7 t i me s  s upe r i or  t ha n t he  c onve nt i ona l  opt i on.  
On t he  ot he r  ha nd t he  gl oba l  c os t  of  e a c h a l t e r na t i ve , whi c h c a n be  s e e n i n ne xt  t a bl e , s hows  
t ha t , f or  t he  30 ye a r s  pe r i od of  t he  s t udy, t he  Gl oba l  Cos t  of  opt i on A – Conve nt i ona l  Cons t r uc -
t i on i s  a bout  1,5 t i me s    hi ghe r  t ha n t he  Sus t a i na bl e  Cons t r uc t i on a l t e r na t i ve . 
 
T a b le  5  –  G lo b a l Co sts fo r  b o th A a nd  B  Sc e na r io s  
Sc e na r io  I nitia l Co sts ( € )  G lo b a l Co sts ( € )  
Sc e na r io  A –  Co nve ntio na l Co nstr uc tio n  1 3 . 0 6 7 , 0 6  4 5 . 4 5 4 , 3 6  
Sc e na r io  B  –  Susta ina b le  Co nstr uc tio n  2 2 . 2 2 8 , 0 7  2 8 . 2 4 0 , 8 2  
 
Ac c or di ng t o t hi s  a na l ys i s  i t ’ s  pos s i bl e  t o s e e  t ha t  t he  opt i on i n t he  i mpl e me nt a t i on of  t he  
s us t a i na bl e  me a s ur e s  c a n be  t r a ns l a t e d i nt o a n e c onomy of  17.213,54€ i n t he  t hi r t y ye a r s  s c e na -
r i o i n whi c h t hi s  s t udy wa s  ma de . 
5 CONCLUSIONS 
T he  Gl oba l  Cos t  of  t he  t wo a l t e r na t i ve s  ma de  pos s i bl e  t o c onc l ude  t ha t  t he  s us t a i na bl e  me a s -
ur e s , i n t he  30 ye a r s  pe r i od of  t he  s t udy, a r e  l i a bl e , a l t hough t he y c or r e s pond t o a  l a r ge r  i ni t i a l  
i nve s t me nt  c os t . In e c onomi c a l  t e r ms , a t  t he  e nd of  t he  30 ye a r s , t he  s us t a i na bl e  me a s ur e s , 
ma de  pos s i bl e  a n e c onomy of  a r ound 17.000 €. T hi s  e c onomy i s  due  t o t he  r e duc t i on of  ope r a -
t i on c os t s , t ha t  i n t he  c a s e  a r e  e ne r gy a nd wa t e r  c os t s . 
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T he  ma i n di f f i c ul t i e s  t ha t  t hi s  s t udy r e ve a l e d a r e  r e l a t e d t o t he  di f f i c ul t y whe n t r yi ng t o c a l -
c ul a t e  i n f i na nc i a l  va l ue s  t he  be ne f i t s  t ha t  s ome  of  t he  me a s ur e s  c a n ma ke . Al s o s ome  di f f i c ul -
t i e s  we r e  f e l t  on pr e di c t i ng s ome  ma i nt e na nc e  a nd ope r a t i on bui l di ng c os t s . T he s e  we r e  t he  r e a -
s on why t he  r e s i dua l  c os t  f or  a l l  me a s ur e s  a nd a l s o t he  ma i nt e na nc e  of  t he  s ol ut i ons , a l t hough 
t ha t  i s  not  t he  mos t  de s i r a bl e  wa y t o ma ke  t hi s  a ppr oxi ma t i on, we r e  c ons i de r e d be i ng nul l .  
Ot he r  di f f i c ul t i e s  we r e  f ound whe n t r yi ng t o c a l c ul a t e  t he  a dde d va l ue  t ha t  t he s e  me a s ur e s  
c a n br i ng t o t he  bui l di ng, by t he  i mpr ove me nt  of  i ndoor  c omf or t  a nd qua l i t y, us e r ’ s  s a t i s f a c t i on, 
e t c . Al s o, t he r e  a r e  ot he r  pa r a l l e l  e f f e c t s  t ha t  t he s e  s ol ut i ons  c a r r y on, t ha t  a r e  e qua l l y di f f i c ul t  
t o me a s ur e , l i ke  t he  r e duc t i on of  gr e e n hous e  ga s e s , by t he  r e duc t i on of  f os s i l  f ue l s  e ne r gy;  e f -
f l ue nt s  r e duc t i on, r e duc i ng t he  pr e s s ur e  i n l oc a l  t r e a t me nt  s ys t e ms , e t c . 
Ha s  a n i mpr ove me nt  t o t hi s  a na l ys i s  a  s t udy on how t he s e  pa r a l l e l  i mpa c t s  c a n be  t r a ns l a t e d 
i n e c onomi c a l  va l ue s  woul d be  ve r y he l pf ul  a nd he l p t o c a l c ul a t e  t he  r e a l  e f f e c t  of  s us t a i na bl e  
me a s ur e s , t hr ough t he  bui l di ng l i f e  c yc l e .  
T he  s us t a i na bi l i t y me a s ur e s  c ons i de r e d i n t he  c a s e  s t udy r e pr e s e nt  onl y a  f e w s ol ut i ons  t ha t  
c a n be  a ppl i e d t o s us t a i na bl e  c ons t r uc t i on. Ot he r  r e c omme nda t i on f or  f ut ur e  s t udi e s  c a n be  t he  
de ve l opme nt  of  pr oj e c t s  wi t h a  l a r ge r  c ompl e xi t y, c ons i de r i ng, f or  e xa mpl e , ot he r  r e ne wa bl e  
e ne r gy s ys t e ms , t he  us e  of  gr a y a nd r a i n wa t e r  s ys t e ms , us e  of  s us t a i na bl e  ma t e r i a l s , s ol ut i ons  
t o i mpr ove  s oi l  a nd bi odi ve r s i t y pr ot e c t i on, mor e  c ompl e x bi oc l i ma t i c  s ol ut i ons  ( gr e e n r oof s , 
t r ombe  wa l s , na t ur a l  ve nt i l a t i ons  s t r a t e gi e s , e t c .)  a nd a l s o, s ome  i nnova t i ve  s ol ut i ons  not  ye t  
de ve l ope d. 
By t hi s  s t udy, i t ’ s  pos s i bl e  t o c ons i de r  t he  LCC me t hod ve r y us e f ul  a nd obj e c t i ve  whe n e va -
l ua t i ng t he  e c onomi c a l  l i a bi l i t y of  s us t a i na bl e  c ons t r uc t i on s ol ut i ons  t ha t  ma de  pos s i bl e  t o 
r e a c h t he  i ni t i a l  goa l s  f or  t hi s  s t udy. 
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1 INTRODUCTION 
The main heat exchange in a building usually occurs through the transparent elements (win-
dows, skylights zenith, and other transparent elements). The exchange by conduction and con-
vection in the glazing exhibit the similar behaviour to the opaque elements with the possibility 
of controlling the exchange of air between the interior and exterior - opening or closing. How-
ever, the radiation is the main factor because the portion directly transmitted through the glass 
into the interior. 
The non-opaque envelope (glazing) can be considered a major factor in the control of radia-
tion, ventilation and natural lighting (more dynamic, easier to adapt / adjust to obtain the de-
sired interior conditions). Thus, the non-opaque envelope presents a greater degree of control 
and flexibility to adapt to climatic variations compared with the opaque envelope. It is the more 
flexible and interesting element of the building envelope.  
In addition, glass and other transparent and translucent materials are considered essential for 
the successful implementation of most passive solar heating systems (when they have a proper 
solar orientation). 
In Portugal, in the case of habitation, the needs in the winter season are easily satisfied by a 
correct orientation and scaling of the glass areas, thermal mass, thermal insulation (opaque en-
velope and thermal insulation of glazing areas at night). However in the summer season, the 
cooling needs are usually resolved with the proper design of the outer skin, night ventilation 
cooling, shading the windows and thermal mass inside.  
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ABSTRACT: This work presents the results of an experimental and numerical study of a resi-
dential building, in a temperate climate, the particularity of these buildings is the large glazing 
areas around 65% to 85% of exterior façade. The thermal performance is presented and dis-
cussed. The study was developed taking into account the implementation of monitoring during 
the summer and winter for a housing unit in an intermediate floor with only one façade in con-
tact with the exterior (south façade) without solar protection by the glass (glazing area 80% ex-
terior façade) located in Lisbon, Portugal (Latitude 40 º N); as well as detailed modeling of this 
unit using EnergyPlus for thermal simulation. The detailed model took into account the charac-
teristics of the housing unit and the conditions under which it was monitored during the sum-
mer and winter. To simulate the detailed model under the monitored conditions the climatic da-
ta was carefully introduced in the thermal simulation (climate file), the data was obtained from 
the meteorological stations of the National Laboratory for Energy and Geology (LNEG, Lis-
bon) for the same periods of the monitoring. From the detailed model different parametric vari-
ations were performed (summer and winter). Thus we obtained a set of effects that let you 
check the parameters of major and minor influence on the thermal performance of housing units 
with large glazing areas situated in temperate climates. This work intends to provide tools and 
guidance to building designers with regard to the thermal performance of buildings 
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At the same time the interest in glass materials in construction has increased in order to ver-
ify progress in the development of production of that material. The evolution of the glass pro-
duction and progressive independence between skin and supporting structure, promoted the 
process of dematerialisation of the facades and the dilution between the wall and windows of 
buildings. A increase of glazing areas on the facades of residential buildings can also be noticed 
in the Portuguese built stock mainly in the buildings constructed over the past decades (see 
Figure 1). Thus verifying residential buildings with 65% -85% of façade in glazing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The increase of glazing areas on the facades of residential buildings in last few decades (Lis-
bon). 
So, the thermal behaviour of buildings with large glazing areas will directly depend on a 
number of factors including: glazing control and protection systems, the thermal inertia within 
the environments and the degree of building insulation. 
2 METHODOLOGY 
2.1 Object of study 
For the study in question was selected a housing unit located in a building chosen among others 
buildings identified in the Portuguese building stock. These buildings present important fea-
tures to this study; in particular the glazing areas, because these are buildings with glazing areas 
over 65% of the main façade. 
This housing unit keeps the features already mentioned (about the glazing areas), and these 
features are related to the construction and architecture practiced in recent years in Portugal. 
This housing unit is located an intermediate floor (Lisbon, Latitude 40 º N) with a single fa-
çade in contact with the outside (facing to the south) and without any protection device in the 
glazing areas (80% of the façade is glazed). This housing unit has a balcony (0.85m wide) over 
the entire glazing, so this balcony provides shading on the glazing under study.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.Housing unit features. 
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2.2 Phases of the Study 
The study was developed in different phases: monitoring during the summer and winter, the 
construction of the detailed modeling using EnergyPlus for thermal simulation, the simulations 
of the detailed model under the monitored conditions (summer and winter), the calibration of 
the detailed model and different parametric variations for the detailed model (summer and win-
ter). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Study phases. 
3 ANALYSIS 
3.1 Summer and Winter Monitoring 
Beginning with the selected housing unit, and with the support of the architectural projects, a 
more detailed assessment was performed.  This made possible the site monitoring during both, 
summer and winter periods of 2007-2008. 
Temperature and relative humidity (hygrothermal behaviour - mini datalogers) sensors were 
installed in the selected housing unit (living room and bedroom). The use and occupancy pat-
tern of housing unit was also recorded during the measurements, as well as the views of resi-
dents through a survey targeting the issues of thermal comfort. Thus, we obtained a set of data 
and other important information for understanding the thermal behaviour of the compartments 
of the study unit. 
While the monitoring were performed the external conditions were obtained from the LNEG 
Meteorological Station (LNEG-National Laboratory for Energy and Geology, IP) installed in 
the Solar XXI Building, Lisbon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Summer Monitoring.. 
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Summer Monitoring Period - 30 July to 21 August 2007: 
Inside the flat were observed the mean temperature for the both compartments. In the living 
room the mean temperature was 28.5 ºC, and for the bedroom was 29 ºC. 
The mean thermal amplitude was 6.5 ºC in the living room and 6 º C in the bedroom. 
Temperatures in the living room and bedroom were above 25 °C (temperatures above the 
comfort level) in 100% of the time. Temperatures in the living room were between 27 ºC and 
31 ºC in 80% of the time and the temperatures in the bedroom were between 27 ºC and 31 ºC in 
90% of the time. Approximately 84% of the time the outside temperatures were below 25 °C.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Winter Monitoring.. 
 
Winter Monitoring Period - December 30 to 19 December 2007: 
Inside the flat the mean temperature for the living room was recorded in 23 ºC and in the 
bedroom 24 ºC. The mean thermal amplitude was 9 ºC in the living room and 11 ºC in the bed-
room. Temperatures in the living room were between 20°C and 25 °C in 90% of the time and 
73% of the time in the bedroom. Approximately 4.5% of the time temperatures in the living 
room were above 27 °C and in 6% of the time temperatures in the bedroom were above 29 ºC. 
There were no temperatures below 20 ºC in these compartments. 
The outside air temperatures were below 15 °C in 85% of the time, and in 37% of the time 
the temperatures were between 5 ºC and 10 ºC. 
3.2 Summer and Winter Simulation 
Based on information obtained from the housing unit in question, a detailed model was con-
structed in the thermal simulation software EnergyPlus (E+) The detailed model took into ac-
count the features of the housing unit and the conditions under which it was monitored during 
the summer and winter (geometry, orientation, location, construction solutions, pattern of use 
and occupation, renewal rates by time, equipment ... ). In order for the model to simulate under 
the monitored conditions special care was taken to introduce into the thermal simulation soft-
ware the climatic data (climate file) obtained from the meteorological stations of the National 
Laboratory for Energy and Geology (LNEG, Lisbon) the same periods of monitoring. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.Housing unit Detailed Model in EnergyPlus (E+). 
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The results obtained from the simulations were compared with the results obtained from the 
monitoring (Detailed Model calibration), thus allowing to confirm that the detailed model pre-
sents results and thermal performance similar to that obtained in the real model. 
 
 
              Example Summer Simulation                          Example Winter Simulation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Calibration Detailed Model, monitoring and modeling. 
 
The difference between the temperatures obtained during the monitoring and those obtained 
through simulations for the environment living room (during the seven days selected to repre-
sent the summer season) was on average 0.62 ° C, and for the bedroom was 0.44ºC. 
The difference between the temperatures obtained during the monitoring and those obtained 
through simulations for the environment living room (during the seven days selected to repre-
sent the winter season) was approximately 0.32 ° C; and for the bedroom was 0.04ºC. 
The manufacturer of the equipment uses a margin of error of + or - 0.5 ºC and that the 
weather station is not located exactly on the building site studied. Thus, the results in terms of 
calibration can be considered satisfactory, taking into account the above observations and the 
mean differences obtained in both seasons (monitoring  and simulations), which were no more 
than + or - 0.62 º C.  
3.3 Parametric Variations - Summer and Winter Simulation 
The Detailed Model (calibrated) was used to perform different parametric variations (summer 
and winter). Thus, permitting to verify the parameters of major and minor influence on thermal 
behaviour of the unit in question. 
The parametric variations were made in the detailed model as a whole (considering all zones 
in the model, which represent the different environments existing in the housing unit chosen). 
However, for this study was adopted an example room to demonstrate the influence of paramet-
ric variations performed and the thermal behaviour of the model. 
 
Summer Parametric Variations: 
The charts bellow demonstrates the importance of natural ventilation and the presence of sun 
protection devices near the windows to achieve a better thermal performance in housing units 
with characteristics similar to that adopted for this study. 
The variations in the air change per hour (ACH), showed a great potential to reduce the in-
door temperature, up to 3ºC. The changes made relative to the size of the horizontal shading 
(width) showed the possibility to reduce temperatures by up to 8ºC on average, this possibility 
with the interior wood shutters were between 1ºC and 3ºC, and with the exterior blinds were be-
tween 1.5 ºC and 4.5ºC. The variations on the degree of insulation on the outside elements (in 
this case the exterior walls, because it is an intermediate floor fraction), as well as on the type 
of cloth wall (single wall) had little influence on results. 
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 Parametric Variations - Summer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Summer parametric variations (Detailed Model). 
 
Winter Parametric Variations: 
Through the charts bellow we can see the infiltration influence, because the difference be-
tween the two situations (with 0.5ACH and 1ACH) in terms of temperature, can be of 4.5 º C 
on average, 
The solutions between 0.6 ACH and 1.2 ACH are recommended in DL/80 2006 as winter 
conditions for all glazing (closed), and the ACH rate varies consonant with the wind exposure 
and the type of frames. 
Regarding the types of protection, the solution that showed the best results for this season 
was the solution that considers the exterior blind closed between the 24h-9h (Night). The solu-
tion with blind closed 24 hours showed temperatures below the reference (Tsimulation) at 10ºC 
on average. 
The best glass type solution for this season was the clear double glass. This solution pre-
sented temperatures above the solution with coloured double glass (difference of 4ºC on aver-
age). 
As with the summer parametric variations, the degree of insulation and the type of cloth wall 
had little influence on the result. 
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 Parametric Variations - Winter 
 
Figure 9. Winter parametric variations (Detailed Model). 
4 FINAL REMARKS 
This study showed the influence of various parameters on the thermal behaviour of housing 
units with large glazing areas.  It was verified (within the range studied) that the interior tem-
peratures ranged up to 8ºC in summer and 10 ºC in winter depending on the adopted solution. 
During the summer, the natural ventilation and the type of protection contributed signifi-
cantly to a better thermal behaviour of the model in question. 
In winter the point of greatest care is the infiltration (reducing infiltration while maintaining 
levels of indoor air quality) as well as how to use the protection devices by the users (to provide 
better reception of solar radiation available). 
Thus, this study aims to help and alert the professionals to some solutions that can be 
adopted for buildings with large glazing areas in temperate climates. 
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1 INT RODUCT ION 
T he  e va l ua t i on of  t he  s us t a i na bi l i t y of  a  bui l di ng pr oj e c t  c a n be  c onduc t e d wi t h t he  he l p of  a  
numbe r  of  t ool s  t ha t  ha ve  be e n de ve l ope d ove r  t he  l a s t  f e w ye a r s . One  of  t he  mos t  c ompl e t e  a nd 
de t a i l e d a na l ys i s  me t hodol ogi e s , ba s e d on t he  c onc e pt  of  t he  l i f e  c yc l e , i s  Li f e  Cyc l e  
As s e s s me nt  ( LCA) . LCA c ons i de r s  t he  e nt i r e  l i f e  c yc l e  of  a  pr oduc t  or  s ys t e m, f r om r a w ma t e -
r i a l  e xt r a c t i on, t hr ough ma t e r i a l  pr oduc t i on a nd e ne r gy r e qui r e me nt s , t o us e  a nd e nd of  l i f e  
t r e a t me nt  ( ISO, 2006) . T hr ough s uc h a  s ys t e ma t i c  ove r vi e w, e nvi r onme nt a l  bur de ns  a r e  
i de nt i f i e d a nd pos s i bl y a voi de d. LCA c a n a s s i s t  i n i de nt i f yi ng oppor t uni t i e s  t o i mpr ove  t he  e n-
vi r onme nt a l  pe r f or ma nc e  of  bui l di ng pr oj e c t s  a t  va r i ous  poi nt s  i n t he i r  l i f e  c yc l e . 
 In or de r  t o c onduc t  a n LCA a na l ys i s , c e r t a i n s t a ge s  ha ve  t o be  e xe c ut e d, r a ngi ng f r om 
goa l / s c ope  de f i ni t i on a nd Li f e  Cyc l e  Inve nt or y ( LCI)  t o Li f e  Cyc l e  Impa c t  As s e s s me nt  ( LCIA)  
a nd r e s ul t s  i nt e r pr e t a t i on. Dur i ng t he  Li f e  Cyc l e  Inve nt or y s t a ge , a  l i s t  of  r a w ma t e r i a l  
r e qui r e me nt s  a nd e nvi r onme nt a l  e mi s s i ons  i s  dr a wn t ha t  f or ms  t he  ba s i s  on whi c h t he  f i na l  
i mpa c t  i s  c a l c ul a t e d. As  t hi s  i s  a  c r uc i a l  i s s ue  wi t h a n i mme di a t e  e f f e c t  on t he  va l i di t y of  t he  
s t udy, i t  i s  ne c e s s a r y t o e xa mi ne  t he  da t a  us e d i n de t a i l  ( Zygoma l a s  e t  a l , 2009) . In mos t  c a s e s , 
i t  i s  not  r e c omme nde d t o us e  a l r e a dy a va i l a bl e  da t a  a s  f ound i n e xi s t i ng da t a ba s e s , be c a us e  of  
Lif e C ycle In v en to ry (LC I) an alys is  o f  s tru ctu ral s teel memb ers  
f o r th e en v iro n m en tal imp act as s es s men t o f  s teel b u ild in g s  
I. Zygom al as , E. Eft hym i ou & C .C . Bani ot opoul os    
Institute of Metal Structures, Department of Civil Engineering, Aristotle University of Thessaloniki, 
Greece 
 
ABST RA CT :  Sus t a i na bl e  bui l di ng c a n be  a c hi e ve d wi t h t he  us e  of  s pe c i f i c  me t hodol ogi e s  a nd 
t ool s  t ha t  a i m  a t  opt i mi zi ng t he  de s i gn s t a ge  of  a  bui l di ng pr oj e c t  a c c or di ng t o t he  pr i nc i pl e s  of  
s us t a i na bl e  de ve l opme nt . One  of  t he  mos t  wi de l y a c knowl e dge d a nd us e d s us t a i na bi l i t y 
e va l ua t i on me t hod i s  Li f e  Cyc l e  As s e s s me nt  ( LCA) , whi c h i s  ba s e d on t he  c ol l e c t i on a nd 
ma na ge me nt  of  e nvi r onme nt a l  i mpa c t  da t a  mos t  of t e n dr a wn f r om a va i l a bl e  Li f e  Cyc l e  
Inve nt or y ( LCI)  da t a ba s e s . T he  pr e s e nt  r e s e a r c h f or ms  t he  ba s i s  of  a  ne wl y de ve l ope d LCI 
da t a ba s e  f oc us i ng on s t e e l  s t r uc t ur e s . Hot  r ol l e d s t r uc t ur a l  s t e e l  me mbe r s  a r e  us e d a s  a  
r e f e r e nc e  poi nt  i n or de r  t o c ol l e c t  t he  r e qui r e d da t a , t hr ough c ont a c t  wi t h one  of  t he  l e a di ng 
s t e e l  pr oduc i ng c ompa ni e s  i n Gr e e c e  a nd de t a i l e d l i t e r a t ur e  r e s e a r c h. Da t a  i s  a na l yze d a nd 
c a t e gor i ze d wi t h r e ga r d t o t he  s t a ge s  of  t he  ma nuf a c t ur i ng pr oc e s s  f or  hot  r ol l e d s t e e l  s e c t i ons , 
f r om r a w ma t e r i a l  a c qui s i t i on t o t he  s t or a ge  of  pr oduc t s  r e a dy f or  us e  ( c r a dl e -t o-ga t e )  a nd t he n 
t r a ns f e r r e d t o c omput e r  s of t wa r e  f or  pr oc e s s i ng a nd r e s ul t s  i nt e r pr e t a t i on. T he  out c ome  i s  
pr e s e nt e d i n t hi s  pa pe r , bot h a s  a n a va i l a bl e  t ool  wi t hi n t he  s c ope  of  LCA s t udi e s  r e ga r di ng 
s t e e l  s t r uc t ur e s  a nd a l s o a s  a  f r a me wor k whi c h c a n be  a ppl i e d wi t hi n ot he r  ge ogr a phi c  r e gi ons  
f or  s i mi l a r  pur pos e s . 
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s ubs t a nt i a l  di f f e r e nc e s  i n f a c t or s  s uc h a s  ge ogr a phi c  r a nge , t e c hnol ogy l e ve l , t i me  pe r i od e t c . 
( Bragança  e t  a l , 2007) . It  i s  t he r e f or e  ne c e s s a r y t o c r e a t e  ne w, be t t e r  s ui t e d LCI da t a ba s e s  a c -
c or di ng t o t he  pa r t i c ul a r  pr ope r t i e s  of  pr oj e c t s  or  -a s  a  mor e  t a ngi bl e  s t a r t i ng poi nt - c ount r i e s . 
 T he  c ur r e nt  r e s e a r c h c onc e r ns  t he  de ve l opme nt  of  s uc h a  LCI da t a ba s e  f or  Gr e e c e , wi t h pa r -
t i c ul a r  f oc us  on s t e e l  s t r uc t ur e s , a  wi de l y a c knowl e dge d bui l di ng t e c hnol ogy wi t h s i gni f i c a nt  
e nvi r onme nt a l  s us t a i na bi l i t y pot e nt i a l . 
1.1 Research Methodology 
Si nc e  t he r e  a r e  t wo ma j or  c a t e gor i e s  of  s t e e l  ma ki ng pr oc e s s e s , t he  f i r s t  be i ng t he  bl a s t  f ur na c e  
r out e  wi t h r e qui r e me nt s  of  r a w ma t e r i a l  qua nt i t i e s  a nd t he  s e c ond t he  e l e c t r i c  a r c  f ur na c e  r out e  
t ha t  pr oduc e s  s t e e l  f r om us e d s c r a p, t he  i ni t i a l  pa r t  of  t he  r e s e a r c h f oc us e s  on a l l oc a t i ng t he  LCI 
da t a  r e qui r e me nt s  be t we e n t he  t wo r out e s . 
Ac c or di ng t o s t a t i s t i c a l  da t a , t he  s t e e l  ma nuf a c t ur i ng c ompa ni e s  i n Gr e e c e  pr oduc e  s t e e l  wi t h 
t he  e l e c t r i c  a r c  f ur na c e  ( EAF)  r out e , ba s e d on t he  r e c yc l i ng of  i r on a nd s t e e l  s c r a p r a t he r  t ha n 
t he  e xt r a c t i on of  r a w ma t e r i a l s . For  ye a r  2006, t he  t ot a l  a nnua l  pr oduc t i on of  s t e e l  i n Gr e e c e  
wa s  a ppr oxi ma t e l y 2.416 t hous a nd me t r i c  t one s  ( W or l d St e e l  As s oc i a t i on, 2009) , wi t h a l l  of  t he  
qua nt i t y be i ng pr oduc e d wi t h t he  EAF r out e . Si nc e  t he  EAF r out e  i s  t he  onl y s t e e l  ma nuf a c t ur -
i ng me t hod us e d i n Gr e e c e , i t  c a n be  a s s ume d t ha t  a n LCI da t a ba s e  ba s e d on i t s  de t a i l e d e xa mi -
na t i on i s  r e pr e s e nt a t i ve  of  t he  c ount r y’ s  s t e e l  pr oduc i ng ma r ke t  a nd c a n be  us e d f or  LCA s t ud-
i e s  wi t hi n i t s  ge ogr a phi c  l i mi t s . 
 In or de r  t o obt a i n t he  da t a  r e qui r e d f or  t he  de ve l opme nt  of  t he  LCI da t a ba s e , t he  onl y s t r uc -
t ur a l  s t e e l  me mbe r  ma nuf a c t ur i ng c ompa ny i n Gr e e c e  wa s  c ont a c t e d a nd i nf or me d of  t he  r e -
s e a r c h pur pos e  a nd me t hodol ogy. T he  da t a  r e c e i ve d i n r e pl y c ove r e d t he  ma j or i t y of  t he  ma nu-
f a c t ur i ng pr oc e s s  f or  hot  r ol l e d s t r uc t ur a l  s t e e l  me mbe r s  i n de t a i l . W he r e  ne c e s s a r y, da t a  wa s  
a dde d a s  a  r e s ul t  of  l i t e r a t ur e  r e s e a r c h ( At he na  Sus t a i na bl e  M a t e r i a l s  Ins t i t ut e , 2002) . Af t e r  t he  
c ompl e t i on of  t he  c ol l e c t i on a nd c a t e gor i za t i on of  t he  da t a , i t  wa s  e nt e r e d i nt o t he  Si ma Pr o 
s of t wa r e  f or  ma na ge me nt  a nd a na l ys i s  pur pos e s . 
2 LIFE CYCLE INV ENT ORY OF ST RUCT URAL ST EEL M EM BERS 
2.1 Analysis goal 
Th e  goal of the analysis is to create a new Life Cycle Inventory (LCI) database, which will con-
tain the raw material requirements and environmental impact (emissions to air, water and soil) as-
sociated with the production of one (1) kg of hot-rolled structural steel members (steel quality 
Fe360, equivalent to S235J R or RSt 37-2). Based on the results, it will be possible to calculate raw 
material requirements and environmental emissions for all similar type structural steel members, 
according to their weight. 
2.2 Data collection and organization 
T he  da t a  r e c e i ve d f r om t he  Gr e e k ma nuf a c t ur i ng c ompa ny wa s  e xa mi ne d i n de t a i l  a nd or ga n-
i s e d a c c or di ng t o t he  f l ow of  t he  ma nuf a c t ur i ng pr oc e s s  f or  hot -r ol l e d s t r uc t ur a l  s t e e l  s e c t i ons , 
f r om s c r a p a s s e mbl y t o s t or a ge  of  f i ni s he d pr oduc t s  ( c r a dl e -t o-ga t e ) . T he  ma i n ma nuf a c t ur i ng 
s t a ge s  a r e  pr e s e nt e d i n Fi gur e  1. 
 
Portugal SB10: Sustainable Building Affordable to All
656
 
Figur e  1 .  M a in ma nufa c tur ing sta ge s fo r  ho t-r o lle d  str uc tur a l ste e l se c tio ns.  
 
 
Ba s e d on t hi s  a na l ys i s , e a c h ma i n ma nuf a c t ur i ng s t a ge  i s  f ur t he r  a na l ys e d i nt o pr oc e s s e s  a nd 
s ub-pr oc e s s e s , s o t ha t  t he  e nvi r onme nt a l  i nput s  a nd out put s  c a n be  doc ume nt e d i n de t a i l  ( Gul yj  
e t  a l , 1996) . As  a  r e pr e s e nt a t i ve  e xa mpl e , t he  i nput  r e qui r e me nt s  f or  t he  e l e c t r i c  a r c  f ur na c e  a r e  
pr e s e nt e d i n T a bl e  1. 
 
 
T a b le  1 .  Re q uir e d  e nvir o nme nta l inp uts fo r  the  e le c tr ic  a r c  fur na c e  sta ge .  
M a nufa c -
tur i ng 
sta ge  
P r o c e ss Re q uir e d  d a -ta  D a ta  fo r  Life  Cyc le  I nve nto r y ( LCI )  Co mme nts 
O p e r a tio n 
o f e le c tr ic  
a r c  fur -
na c e  
Sc r a p  me lt-
ing a nd  fir st 
p r o c e ss ing o f 
liq uid  me ta l.  
- M a te r ia ls 
a d d e d  to  the  
fur na c e .  
 - P o we r  
c o nsump tio n 
( kW h) .  
P e r  b ille t t:  
- 3 8 0 -4 5 0  kW h ( a ve r a ge = 4 1 5 )  
- infusio n o f 0 -5  kg ma gne sium o xid e  M gO  
( a ve r a ge = 2 , 5 )  
- 2 0 -3 0  kg gr a p hite  C ( a ve r a ge = 2 5 )  
- 2 5 -5 0  N m3  o xyge n ( a ve r a ge  
= 3 7 , 5 *1 , 4 2 9 1 = 5 3 , 6  kg)  
- 1 0  M J  na tur a l ga s fr o m the  ur b a n ne two r k.  
- Co a l.  
- 0 -1 0  kg p e tr o le um c o ke  ( a ve r a ge = 5 )  
- 3 0 -6 0  kg q uic klime  Ca O  ( a ve r a ge = 4 5 )  
E a c h o p e r a tio na l 
c ir c le  with 7 0  t o f 
sc r a p  p r o d uc e s: 
6 2 , 9  ( 8 4 , 8 %)  t 
ste e l,  0 , 5 9 3  t 
( 0 , 8 %)  sc r a p ,  3 , 1 1  
t wa ste  ( 4 , 2 %)  & 
7 , 4 9  t no n-
me ta llic  wa ste  
( 1 0 , 1 %) .  
1 .  T r a nsp o r t o f sc r a p  
2 .  Sc r a p  insp e c tio n 
3 .  P r o c e ssing & sto r a ge  o f sc r a p  
4 .  Lo a d ing o f E AF with sc r a p  b a ske ts 
5 .  E le c tr ic  Ar c  Fur na c e  o p e r a tio n 
6 .  La d le  Fur na c e  o p e r a tio n 
7 .  Co ntinuo us c a sting 
8 .  Re he a ting fur na c e  
9 .  H o t-r o lling 
1 0 .  Sto r a ge  o f finishe d  p r o d uc ts 
I nla nd  /Fo r e ign sup p lie r s 
All insp e c tio n p r o c e d ur e s a t ste e l fa c to r y ga te  
A la r ge  p e r c e nta ge  o f sc r a p  must b e  p r o c -
e sse d  b e fo r e  use d  fo r  ste e l p r o d u c tio n.  
P r o c e ss o f the  d e sir e d  ste e l se c tio n fo r ma -
tio n fr o m the  ste e l b ille ts.  
Ca sting o f the  liq uid  me ta l into  ste e l b il-
le ts.  
P a c ka ge d  str uc tur a l ste e l me mb e r s a r e  
sto r e d  b e fo r e  se nt fo r  use .  
Fina l p r o c e ssing o f the  liq uid  me ta l in the  
l a d le  f u r na c e .  
Sc r a p  me lting a nd  fir st p r o c e ssing o f the  
liq uid  me ta l.  
1  E AF o p e r a tio n r e q uir e s 7 0  t o f sc r a p  ( 3  b a s-
ke t fills  o f usua lly 3 5 ,  2 0  &  1 5  t) .  
Re he a ting o f the  ste e l b ille ts b e fo r e  ho t-
r o lling ( p r e he a ting,  he a ting a nd  so a k ing ) .  
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3 ENV IRONM ENT AL IM PACT  OF HOT -ROLLED ST RUCT URAL ST EEL M EM BERS 
Ba s e d on t he  doc ume nt a t i on of  t he  ma nuf a c t ur i ng pr oc e s s e s  f or  hot -r ol l e d s t r uc t ur a l  s t e e l  
me mbe r s , c or r e s pondi ng pr oc e s s  e nt r i e s  we r e  c r e a t e d wi t hi n t he  Si ma Pr o s of t wa r e , t hus  a l l ow-
i ng f or  t he  e va l ua t i on of  t he  a s s oc i a t e d e nvi r onme nt a l  i mpa c t . Re s ul t s  a r e  c a l c ul a t e d on t he  ba -
s i s  of  1 kg of  ma nuf a c t ur e d pr oduc t , s o t ha t  t he y c a n be  e a s i l y c ompa r e d t o s i mi l a r  s t udi e s ’  
f i ndi ngs  a nd a l s o us e d wi t hi n t he  s c ope  of  s i mi l a r  f ut ur e  s t udi e s . In or de r  t o a s s e s s  t he  e nvi -
r onme nt a l  i mpa c t , t he  Ec o-Indi c a t or  me t hod wa s  us e d ( Ec o-Indi c a t or  99 ( E) , Eur ope  EI 99 
E/ E) . 
 T he  r e s ul t s  obt a i ne d c ont a i n 766 e nt r i e s  i n t ot a l , r e f e r r i ng t o t he  e nvi r onme nt a l  i nput s  ( r a w 
ma t e r i a l  r e qui r e me nt s )  a nd out put s  ( e mi s s i ons  t o a i r , wa t e r  a nd s oi l )  a s s oc i a t e d wi t h t he  ma nu-
f a c t ur e  of  1 kg of  hot -r ol l e d s t r uc t ur a l  s t e e l  s e c t i on me mbe r s  a c c or di ng t o t he  Gr e e k c ondi t i ons . 
T a bl e  2 c ont a i ns  t he  mos t  i mpor t a nt  s ubs t a nc e s  a c c or di ng t o i nput  a nd out put  c a t e gor y, whe r e a s  
Fi gur e  2 pr e s e nt s  t he  e nvi r onme nt a l  i mpa c t  of  e a c h ma i n ma nuf a c t ur i ng s t a ge  a c c or di ng t o t he  
Ec o-Indi c a t or  i mpa c t  c a t e gor i e s . 
 
 
T a b le  2 .  L i fe  Cyc le  I nve nto r y ( LCI )  d a ta  fo r  the  p r o d uc tio n o f 1  kg o f ho t-r o lle d  str uc tur a l ste e l se c tio n 
me mb e r  in G r e e c e .  
 Sub sta nc e  Ca te go r y U nit Amo unt 
I n p u t s:  Co al  ( b r o wn ,  i n  gr o u n d )  Raw mat er i al  kg 0 , 9 3 0 2  
 Do l o mi t e ( CaCO 3 ,  i n  gr o u n d )  Raw mat er i al  kg 1 , 6 7 2 7  E - 0 4  
 I r o n  ( 4 6 % i n  o r e,  2 5 % i n  cr u d e o r e,  i n  gr o u n d )  Raw mat er i al  kg 0 , 0 7 1 3  
 M an gan ese ( M n ,  i n  gr o u n d )  Raw mat er i al  kg 5 , 1 9 3 8  E - 0 8  
 Nat u r al  gas ( i n  gr o u n d )  Raw mat er i al  m 3  0 , 1 0 1 0  
 Oi l  ( cr u d e,  i n  gr o u n d )  Raw mat er i al  kg 0 , 0 6 2 7  
 S t eel  scr ap  Raw mat er i al  kg 1 , 3 1 3 2  
 Wat er  ( u n sp eci fi ed  n at u r al  o r i gi n )  Raw mat er i al  l t  7 , 4 8 0 7  
  Z i n c ( Z n ,  i n  gr o u n d )  Raw mat er i al  kg 2 , 5 3 0 1  E - 0 9  
Ou t p u t s:  Car b o n  d i o xi d e ( CO 2 )  Ai r  emi ssi o n  kg 0 , 2 6 7 2  
 Car b o n  d i o xi d e,  fo ssi l  ( CO 2 )  Ai r  emi ssi o n  kg 1 , 0 8 9 8  
 Car b o n  mo n o xi d e ( CO)  Ai r  emi ssi o n  kg 3 , 6 5 2 9  E - 0 3  
 Di n i t r o gen  mo n o xi d e ( N 2 O)  Ai r  emi ssi o n  kg 2 , 1 9 3 5  E - 0 5  
 Hyd r o gen  Ch l o r i d e ( HCl )  Ai r  emi ssi o n  kg 2 , 2 3 6 0  E - 0 4  
 Hyd r o gen  S u l p h i d e ( H 2 S )  Ai r  emi ssi o n  kg 5 , 2 8 3 9  E - 0 6  
 Lead  ( P b )  Ai r  emi ssi o n  kg 4 , 5 1 8 7  E - 0 7  
 M er cu r y ( Hg)  Ai r  emi ssi o n  kg 5 , 3 2 4 4  E - 0 8  
 M et h an e ( CH 4 )  Ai r  emi ssi o n  kg 4 , 0 9 0 8  E - 0 4  
 Ni t r o gen  o xi d es ( NO x )  Ai r  emi ssi o n  kg 1 , 7 1 7 9  E - 0 3  
 No n - met h an e vo l at i l e o r gan i c co mp o u n d s ( NM V OC)  Ai r  emi ssi o n  kg 6 , 1 7 8 0  E - 0 4  
 P ar t i cu l at es,  < 2 . 5  u m ( P M 2, 5 )  Ai r  emi ssi o n  kg 5 , 4 2 5 9  E - 0 4  
 P ar t i cu l at es,  < 1 0  u m,  mo b i l e & st at i o n er y ( P M 10 )  Ai r  emi ssi o n  kg 4 , 1 6 9 6  E - 0 6  
 S u l fu r  d i o xi d e ( S O 2 )  Ai r  emi ssi o n  kg 4 , 0 0 5 4  E - 0 3  
 S u l fu r  o xi d es ( S O x )  Ai r  emi ssi o n  kg 9 , 8 1 4 3  E - 0 5  
 Z i n c ( Z n )  Ai r  emi ssi o n  kg 5 , 6 6 1 2  E - 0 7  
 Ammo n i a,  as N (Ν )  Wat er  emi ssi o n  kg 1 , 4 2 0 2  E - 0 7  
 Cad mi u m,  i o n  Wat er  emi ssi o n  kg 6 , 0 8 8 5  E - 0 7  
 Ch emi cal  Oxygen  Deman d  ( COD)  Wat er  emi ssi o n  kg 0 , 0 0 1 4  
 Ch r o mi u m,  i o n  Wat er  emi ssi o n  kg 6 , 5 0 5 9  E - 0 7  
 I r o n  Wat er  emi ssi o n  kg 4 , 6 9 9 0  E - 0 6  
 Lead  ( P b )  Wat er  emi ssi o n  kg 3 , 2 0 7 2  E - 0 6  
 Ni ckel ,  i o n  Wat er  emi ssi o n  kg 4 , 6 5 5 5  E - 0 5  
 S u sp en d ed  so l i d s Wat er  emi ssi o n  kg 2 , 9 0 9 4  E - 0 4  
 Z i n c,  i o n  Wat er  emi ssi o n  kg 2 , 1 2 6 8  E - 0 5  
 Cal ci u m S o i l  emi ssi o n  kg 1 , 5 2 9 1  E - 0 5  
 Heat ,  wast e S o i l  emi ssi o n  M J 0 , 0 1 0 0  
 I r o n  S o i l  emi ssi o n  kg 1 , 4 0 2 0  E - 0 5  
 Oi l s,  u n sp eci fi ed  S o i l  emi ssi o n  kg 2 , 4 0 7 1  E - 0 4  
 S t eel  wast e Wast e kg 0 , 0 6 2 0  
 Wast e,  u n sp eci fi ed  Wast e kg 0 , 1 6 4 0  
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As  s hown i n Fi gur e  2, t he  mos t  e nvi r onme nt a l l y da ma gi ng pr oc e s s e s  a r e  t he  ope r a t i on of  t he  
e l e c t r i c  a r c  f ur na c e  a nd hot -r ol l i ng. T he  r e he a t i ng f ur na c e  a nd l a dl e  f ur na c e  pr oc e s s e s  a l s o r e -
s ul t  i n not i c e a bl e  e nvi r onme nt a l  i mpa c t s , whi l e  t he  r e s t  of  t he  pr oc e s s e s  a f f e c t  t he  ove r a l l  i m-
pa c t  a t  a  l owe r  de gr e e . W i t h r e ga r d t o t he  e nvi r onme nt a l  i mpa c t  c a t e gor i e s  ( Fi gur e  3) , t he  c a t e -
gor i e s  “ f os s i l  f ue l s ”  t ha t  r e f e r s  t o na t ur a l  r e s our c e s  a nd “ r e s pi r a t or y-i nor ga ni c s ” -a s s oc i a t e d 
wi t h ne ga t i ve  e f f e c t s  on huma n he a l t h- a r e  ma i nl y bur de ne d. T he  ma nuf a c t ur i ng s t a ge s  pr i ma r -
i l y r e s pons i bl e  f or  t he s e  ne ga t i ve  e f f e c t s  a r e  a ga i n i de nt i f i e d a s  t he  ope r a t i on of  t he  e l e c t r i c  a r c  
f ur na c e  a nd hot -r ol l i ng. 
 
 
 
Figur e  2 .  E nvir o nme nta l imp a c t o f ma in ma nufa c tur ing sta ge s fo r  1  kg o f ho t-r o lle d  str uc tur a l ste e l se c tio n 
me mb e r  in G r e e c e .  
 
 
 
Figur e  3 .  E nvir o nme nta l imp a c t o f 1  kg o f ho t-r o lle d  str uc tur a l ste e l se c tio n me mb e r  in G r e e c e  a c c o r d ing 
to  imp a c t c a te go r ie s.  
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In or de r  t o i de nt i f y t he  s our c e s  of  e nvi r onme nt a l  bur de n wi t hi n t he  bounda r y of  e a c h ma nuf a c -
t ur i ng s t a ge , i t  i s  a l s o ne c e s s a r y t o e xa mi ne  t he  ne t wor k of  e nvi r onme nt a l  bur de n f l ow f or  t he  
pr oduc t i on of  1 kg of  hot -r ol l e d s t r uc t ur a l  s t e e l  me mbe r s , pr e s e nt e d i n Fi gur e  4. For  pr e s e nt a -
t i on pur pos e s , t hi s  di a gr a m doe s  not  c ont a i n a l l  of  t he  pr oc e s s e s , but  onl y t he  mos t  i nf l ue nt i a l  
one s . As  t he  t hi c kne s s  of  t he  a r r ows  i ndi c a t e s  t he  e nvi r onme nt a l  l oa ds , i t  i s  e vi de nt  t ha t  e l e c -
t r i c i t y r e qui r e me nt s  a r e  r e s pons i bl e  f or  mor e  t ha n ha l f  ( 55,6% )  of  t he  t ot a l  e nvi r onme nt a l  i m-
pa c t . 
 
 
 
Figur e  4 .  E nvir o nme nta l b ur d e n flo w fo r  the  ma nufa c tur ing o f 1  kg o f ho t-r o lle d  str uc tur a l ste e l se c tio n 
me mb e r s in G r e e c e .  
 
 
Fur t he r  down i n t he  di a gr a m, t he  l i gni t e  bur ne d a t  t he  powe r  pl a nt  f or  t he  pr oduc t i on of  t he  
e l e c t r i c  e ne r gy i s  r e ve a l e d a s  t he  ma i n s our c e  of  e nvi r onme nt a l  bur de n. T hi s  a l s o e xpl a i ns  why 
t he  “ f os s i l  f ue l s ”  i mpa c t  c a t e gor y i s  s o he a vi l y a f f e c t e d by t he  ope r a t i on of  t he  e l e c t r i c  a r c  f ur -
na c e  a nd t he  hot -r ol l i ng pr oc e s s , bot h of  whi c h r e qui r e  s i gni f i c a nt  a mount s  of  e l e c t r i c i t y. On 
t he  ot he r  ha nd, na t ur a l  ga s  i s  a l s o us e d a s  a n e ne r gy s our c e , ye t  i t s  e nvi r onme nt a l  i mpa c t  i s  
qui t e  l owe r . 4,33 M J  of  na t ur a l  ga s  e ne r gy r e qui r e d i n t ot a l  f or  t he  r e he a t i ng f ur na c e  a nd t he  
hot -r ol l i ng pr oc e s s  ( 2,45 M J  f or  t he  r e he a t i ng f ur na c e  a nd 1,88 M J  f or  hot -r ol l i ng)  a r e  r e s pon-
s i bl e  f or  20,6%  of  t he  t ot a l  e nvi r onme nt a l  bur de n, a s  oppos e d t o 55,6%  c or r e s pondi ng t o 2,73 
M J  of  e l e c t r i c  e ne r gy r e qui r e d i n t ot a l . Re ga r dl e s s  of  s our c e , e ne r gy r e qui r e me nt s  a c c ount  f or  
76,2%  of  t he  t ot a l  e nvi r onme nt a l  l oa d, a  f i gur e  whi c h l e a ve s  l i t t l e  r oom f or  doubt  t ha t  i n or de r  
f or  hot -r ol l e d s t r uc t ur a l  s t e e l  me mbe r  ma nuf a c t ur e r s  t o i mpr ove  t he i r  pr oduc t s ’  s us t a i na bi l i t y, 
t he y wi l l  ha ve  t o r e c ons i de r  t he i r  c ur r e nt  e ne r gy s t r a t e gi e s . 
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 Anot he r  pa r a me t e r  whi c h wa s  e xa mi ne d wa s  t he  c a r bon di oxi de  e mi s s i ons  t o t he  a t mos -
phe r e . In t hi s  r e s pe c t , i t  i s  bot h e l e c t r i c  e ne r gy a nd a l s o na t ur a l  ga s  e ne r gy whi c h a r e  r e s pons i -
bl e  f or  t he  l a r ge s t  pe r c e nt a ge  of  e mi s s i ons . It  i s  t he r e f or e  c l e a r  t ha t  i n or de r  t o r e duc e  t he  t ot a l  
e nvi r onme nt a l  i mpa c t , e ne r gy r e qui r e me nt s  -pa r t i c ul a r l y e l e c t r i c  e ne r gy- wi l l  ha ve  t o be  r e -
duc e d. 
4 GLOBAL W ARM ING POT ENT IAL ( GW P)  ANALYSIS 
It  i s  a l s o pos s i bl e  t o e s t i ma t e  t he  a mount  of  e qui va l e nt  c a r bon di oxi de  a i r  e mi s s i ons , by t he  c a l -
c ul a t i on of  t he  Gl oba l  W a r mi ng Pot e nt i a l  ( GW P)  i nde x ( IPCC, 2007) . T hi s  me t hodol ogy i s  
ba s e d on s pe c i f i c  f a c t or s  wi t h whi c h e ve r y s ubs t a nc e  e mi s s i on i s  mul t i pl i e d a nd t hus  t r a ns l a t e d 
i nt o e qui va l e nt  gr  of  c a r bon di oxi de , whi c h a r e  f i na l l y a dde d t o a  t ot a l . In t hi s  ma nne r , a  s i ngl e  
i nde x be c ome s  a n i mme di a t e  de pi c t i on of  t he  e nvi r onme nt a l  i mpa c t  of  a  pr oduc t  or  s ys t e m, f or  
a  t i me  hor i zon of  20, 100 or  500 ye a r s . For  1 kg of  hot -r ol l e d s t r uc t ur a l  s t e e l  me mbe r s , t he  
GW P r e s ul t s  a r e  pr e s e nt e d i n T a bl e  3. For  a  100-ye a r  t i me  hor i zon t he  e qui va l e nt  c a r bon di ox-
i de  e mi s s i on wa s  c a l c ul a t e d a t  1,405 kg CO 2  e q. 
 
T a b le  3 .  G W P  ind e x fo r  the  p r o d uc tio n o f 1  kg o f ho t-r o lle d  str uc tur a l ste e l me mb e r s,  b a se d  o n the  I P CC 
G W P  2 0 0 7  m e tho d o lo gy.  
G W P  me tho d o ly U nit T o ta l 
I P CC G W P  2 0 a  ( 2 0  έτη)  kg CO 2  e q  1 , 4 8 3 8  
I P CC G W P  1 0 0 a  ( 1 0 0  έτη)  kg CO 2  e q  1 , 4 0 5 4  
I P CC G W P  5 0 0 a  ( 5 0 0  έτη)  kg CO 2  e q  1 , 3 7 3 2  
 
T he  c ont r i but i on of  e a c h ma i n ma nuf a c t ur i ng s t a ge  i s  di s pl a ye d i n Fi gur e  5. As  wa s  s hown 
by t he  Ec o-Indi c a t or  a na l ys i s , t he  s t a ge s  whi c h a r e  ma i nl y r e s pons i bl e  f or  t he  t ot a l  e nvi r on-
me nt a l  i mpa c t  a r e  t he  e l e c t r i c  a r c  f ur na c e  ope r a t i on, t he  hot -r ol l i ng pr oc e s s  a nd t he  r e he a t i ng 
f ur na c e  ope r a t i on. 
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Figur e  5 .  P r o c e ss c o ntr ib utio n to  to ta l e nvir o nme nta l imp a c t a s e stima te d  with the  I P CC G W P  2 0 0 7  
me tho d o lo gy .  
5 CONCLUSIONS 
While the Life Cycle Assessment (LCA) methodology provides a detailed approach to calculating 
the environmental impact of steel structures, it never ceases to associate its validity with the qual-
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ity of the Life Cycle Inventory (LCI) data which is used. The research conducted provides a useful 
initial attempt at the development of a new LCI database for structural steel elements in Greece. 
The impact of the manufacturing of hot-rolled structural steel members was estimated, based on 
data provided by a Greek steel manufacturing company and secondary data found in literature and 
existing LCI databases as well. 
 It is not possible to claim that any LCI database contains data which represent environmental 
impacts with total accuracy. However, as is the case with the current newly formed database, they 
do serve as a reliable estimation which can be used for future decision-making, strategy planning, 
or in the case of steel structures, optimization of the design processes. 
 W i t h r e ga r d t o e nvi r onme nt a l  i mpa c t , t he  ma i n s our c e  of  bur de n a s s oc i a t e d wi t h t he  ma nu-
f a c t ur i ng of  hot -r ol l e d s t r uc t ur a l  s t e e l  me mbe r s  wa s  f ound t o be  t he  e ne r gy r e qui r e me nt s . W hi l e  
e l e c t r i c  e ne r gy a c c ount s  f or  mor e  t ha n ha l f  of  t he  t ot a l  e nvi r onme nt a l  i mpa c t , na t ur a l  ga s  e n-
e r gy i s  r e s pons i bl e  f or  a l mos t  60%  of  t he  t ot a l  c a r bon di oxi de  e mi s s i ons  t o t he  a t mos phe r e . En-
e r gy ha s  be e n a n i s s ue  wi t hi n t he  s c ope  of  s us t a i na bl e  de ve l opme nt  f or  qui t e  s ome  t i me  now 
a nd a s  wa s  s hown by t he  r e s e a r c h unde r t a ke n, i t  mus t  a l s o be  i nt e gr a t e d i nt o t he  ma nuf a c t ur i ng 
pr oc e s s  f or  s t e e l  me mbe r s  i n or de r  t o e ns ur e  a  s us t a i na bl e  ma nuf a c t ur i ng pr oc e dur e . 
 T he  a na l ys i s  de s c r i be d c a n a l s o be  us e d a s  a  f r a me wor k whi c h c a n be  a ppl i e d t o ot he r  ge o-
gr a phi c  r e gi ons  f or  t he  a s s e s s me nt  of  t he  e nvi r onme nt a l  i mpa c t  of  hot -r ol l e d s t r uc t ur a l  s t e e l  
me mbe r s . T he  ma i n ma nuf a c t ur i ng s t a ge s  wi l l  r e qui r e  mi nor  modi f i c a t i ons  t o f i t  t he  s pe c i f i c  
c ondi t i ons  whi c h a ppl y f or  e a c h c ount r y, wi t h t he  mos t  s i gni f i c a nt  pa r t  of  da t a  r e qui r e d r e ma i n-
i ng t he  e ne r gy r e qui r e me nt s . 
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C h ap ter  6  
 
C as e- s tu d ies  
 
1. INTROCUCTION: 
1.1. Sustainable construction 
Nowadays, the construction industry is one of the most active and dominant activities in the 
world, with a strong influence on its economy, society and environment. According to OECD 
(2003) this industry, in 2003, represented 9,7% of the GNP (gross national product) in Europe. 
In Pinheiro (2006) is mentioned that the construction sector is responsible for 7% of the 
employment in the world, which may increase up to 23% in developing countries. In what 
concerns to environment, the construction industry contributes actively to its degradation 
through the dilapidation of natural resources, since it consumes 3000 Mt/year of raw materials, 
in the world (Torgal and Jalali 2007), 55% of the wood extractions for non-fuel purposes and 
40% of stone, gravel and sand (Roodman and Lenssen 1995). It is also responsible for 40% of 
the primary energy annually consumed in the world as stated by Energy Efficiency in Buildings 
(2009) and responsible for 180 million tons per year of the waste produced in Europe (OECD 
2003). 
The main purpose of the construction sector is to provide buildings that are able to satisfy the 
owners’ functional needs, given their budget and the design aspects. Combining these aspects 
and the actual way of life, the living conditions in the world will became unbearable.  
Therefore, an improvement on the way of thinking and acting, especially in the construction 
sector, is essentially to achieve the sustainability.  
Mateus and Bragança (2006) and Pinheiro (2006) cited Charles Kibert to apply the 
sustainable concept to the construction industry, "Sustainable construction is the responsible 
development and management of a healthy built environment, based on the efficient use of the 
resources and on the ecological principles". This concept integrates the eco-efficiency 
principles with the economic and social constrains, merging therefore the three dimensions: 
environment, society and economy. 
The principles have to be applied during the entire life cycle of the building, such as: (a) 
minimizing the water consumption; (b) re-use resources when possible; (c) recycle materials; 
(d) protect the natural resources and their function in every activity related to them; (e) avoid the 
products and sub-products with high level of toxicity.  
Assessment of Solar XXI Building Sustainability by SBTool
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ABSTRACT: In this paper that focus on the building sector, it’s presented the evaluation of the 
sustainable performance of an office building in Lisbon – Solar XXI. This analysis was 
performed using the SBTool
PT
 methodology, which is a methodology initially developed by 
(Mateus and Bragança 2006) at Minho’s University, for application in residential buildings. 
This study confirmed not only the high performance of Solar XXI but also the flexibility and 
adaptability of SBTool
PT
 to different kinds of buildings, locations and cultural concepts.  
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2. BUILDING CHARACTERIZATION 
This study focus on the Solar XXI, which is an office building in Portugal headquarters to the 
Renewable Energy Department of LNEG, in Lisbon. This building, constructed between 2004 
and 2005, intends to be an example of energy efficiency and self supporting energy, as it 
integrates the solar passive concepts of the bioclimatic design with the active ones, looking 
forward to reduce its own need of heating and cooling (Gonçalves and Cabrito 2006).  
The building has about 1500 square meters along its three floors, one of them lying 
underground in the South façade. The main occupied spaces, such as office rooms, are located 
on the south part of the building while the less occupied ones, as meeting rooms and 
laboratories, are in the north side. 
The central part has a skylight that harnesses natural lighting for the three floors, as there are 
transparent elements between the central corridor and adjacent rooms (CEETA and Keep Cool). 
Moreover, it is possible to transfer heat from the southern to the northern side of the building 
due to the existing openings in the internal doors, by natural convection.  Planned to maximize 
the solar gains during winter and minimize them during summer, Solar XXI has an entire façade 
turned south, which has a high area of double glazing with external movable venetian blinds. 
The envelope of the building is external insulated with 5cm thick of EPS (expanded 
polystyrene) in a single masonry wall and has 10 cm insulation on the roof (5cm of EPS + 5cm 
XPS (extruded polystyrene)) (Gonçalves et al. 2008). These measures contribute to reduce the 
heat gains through opaque façades, helps on the heat storage in the mass of the building and its 
releasing during the night to indoor spaces. In addition, the building has a solar thermal system, 
located on the rooftop, consisting in eight collectors which fill up 15 square meters of reception 
area. Their efficiency is about 70% and they have a loose of 3.4 W/m2∙K.  In cooler days, this 
system assists the auxiliary heating system (boiler and radiators). The solar thermal system is 
also used in sanitary hot water preparation. In order to construct a building without air 
conditioning, Solar XXI has as main strategies for air cooling the prevention of solar gains, the 
night ventilation and a buried earth tubes. These last ones consist in a set of 32 concrete buried 
pipes at 4.6m depth, with 30cm of diameter each, allowing the air to flow from the inlet outside 
the building – 15m from the South façade – to the inside. The atmosphere air is cooled to the 
underground’s temperature (≈ 16ºC) entering in the basement of the building and going up to 
the next floors. There are two incomings of fresh air in each south room which can be controlled 
individually by the inhabitants. The north rooms are less problematic in what regards the solar 
heat gains, and the cooling is obtained through natural ventilation.  
At last, but not least, it is integrated in the building two Photovoltaic (PV) Systems, one in the 
South façade and the other on the car parking, to produce energy for own consumption. On the 
South envelope the PVs are located vertically reaching an area of 96 square meters (12 kWp) 
and providing around 12 MWh per year (Gonçalves et al. 2008). It’s important to refer that due 
to the way that these PVs are installed it is possible to recover some heat produced by them in 
order to be used on the building’s heating process. The PV system on the car parking has 6kWp 
and covers an area of 95 square meters. The two systems together correspond to approximately 
76% of the electric energy required by the building’s.  
3. METHODOLOGY 
Due to the significant changes needed to mitigate the environmental impact of building sector, 
progress has been made to amplify the building’s sustainability. Diverse countries tried to 
develop several assessment tools to evaluate the sustainability performance of the constructions. 
They vary to a great extent as different phases of a building life cycle, different application 
scales (global, national, local, etc.) or even different issues taken into account (Haapio and 
Viitaniemi 2008). Erlandsson and Borg (2003) refer that the majority of tools is developed 
based on a bottom up principle; this means, the sum of individual performances of the 
buildings’ compounds is equal to the global performance of the building. However, Allecker 
and DeTroyer (2006) said it is not right to consider the building as the sum of its compounds, 
because of the design influence on the global impacts. Therefore, it is possible to classify 
several methodologies by types although there are different opinions in how to do it. Mateus 
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and Bragança (2006) support the division made by the ATHENA Institute (Trusty 2000), 
dividing the methodologies into three categories: (1) whole building design or decision support 
tools, such as ATHENA
TM
, BEAT 2000; (2) product comparison tools and information sources, 
as BEES and TEAM
TM
; (3) whole building assessment frameworks or systems, as LEED, 
BREEAM and SBTool. The third group integrates systems and tools that recognize the 
sustainable construction, during the whole phases of building’s life cycle. Therefore within this 
group a better integration of the three sustainability dimensions is achieved. Although there are 
different methodologies in this group, all of them analyze the following categories:  
 Site selection and planning; 
 Energy consumption and its sources; 
 Environmental load (water, residues, exterior air quality); 
 Inside air quality; 
 Functionality (noise, comfort, lighting). 
 
This paper focuses on the study using SBTool (Sustainable Building Tool) which can be 
found in this last group of methodologies. The development of this tool involved the joint effort 
of several countries, since 1996 and it was promoted by the International Initiative for a 
Sustainable Built Environment (iiSBE) (Pinheiro 2006). This international involvement 
supported its distinction among the others methodologies, since SBTool was designed to allow 
users to reflect different priorities, technologies and building and cultural traditions in the same 
methodology. Therefore, SBTool has a global structure; it is adjustable to each country or 
region providing approximate assessments of a broad of potential environmental performance 
parameters, all of them related to the performance of benchmarks that are relevant to the region 
and building type of occupancy.  
 
The Portuguese version of SBTool was developed by the University of Minho in Portugal. 
This methodology approaches the three dimensions of the sustainable concept: environment, 
society and economy. In SBToolPT the evaluation is accomplished relatively to the most 
applied solution in a certain place. The framework of this methodology follows the five steps 
listed below as stated by Bragança et al. (2007): 
 Definition of system boundaries; 
 Definition of parameters; 
 Quantification of parameters; 
 Normalization and aggregation of parameters; 
 Sustainable score calculation and evaluation. 
3.1. Definition of system boundaries 
Although, the SBTool
PT
 was at first developed to assess residential buildings, in this study it is 
applied to office buildings. The object of the evaluation is the building, its foundations and 
external works in the building site (Bragança et al. 2007).  Issues as the urban impact in the 
surroundings, the construction of communication, energy and transport networks are excluded. 
Regarding the temporal boundary, it should be the whole life cycle (from cradle to grave) for 
new buildings. For the ones that are already constructed the temporal boundary stars from the 
moment of the intervention to the final disposal. It is also necessary to define the daily hours of 
occupation and the occupation density. 
3.2. Definition of parameters 
Being holistic, the methodology cannot assess all the parameters involved on the constructive 
solution. Thus, there is the need to select the parameters to include in the assessment, setting up 
their quantity and type. Parameters that are able to raise complexity and subjectivity to the 
evaluation should be excluded.  
The environmental parameters choice was based on the work carried out by the CEN/TC 350 
WG1. The environmental performance was assessed by the quantification of the potential 
effects connected to the materials and technologies used during the building’s construction. 
Although SBToolPT has initially included fifteen parameters distributed in five categories, this 
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assessment evaluated fourteen parameters in the following five categories: 
 C1 – Climate change and outdoor air quality (ex.: overall index of environmental 
impact categories of the building’s life cycle); 
 C2 – Biodiversity and land use (ex.: percentage of plan area with reflectance equal or 
greater than 60%); 
 C3 – Energy (ex.: consumption of non-renewable primary energy during the 
occupation phase and quantity of renewable energy produced in the building); 
 C4 – Materials and solid waste (ex.: percentage of building’s recycled content and 
building’s potential to promote waste separation); 
 C5 – Water (ex.: annual consumption per capita, and potential to re-use wastewater). 
 
In the social performance analysis there were only included parameters related to heath and 
comfort of the inhabitants, distributed in two categories: 
 C6 – Comfort and Health of occupants (ex.: thermal and visual comfort, natural 
ventilation potential and toxicity of the finishing materials); 
 C7 – Accessibility (ex.: access to public transports and amenities. 
The acoustic comfort was not included because the acoustic project was not available and 
there was no time to perform resulting tests.  
 
Lastly, the economic performance includes all the costs related to the whole building’s life-
cycle, however the presented case study only included the occupation costs, because the 
information need to evaluate the initial cost was not available; 
 C9 – Life cycle cost (occupation cost per square meter). 
3.3. Quantification of parameters  
After selecting the parameters it’s necessary to proceed with their quantification, which allows 
the comparison between the solution under study and the benchmarking solutions. As there are 
several parameters under study and each one has its own way of quantification, it is impossible 
to describe all of the procedures executed during the assessment. The environmental parameters 
quantification followed the bibliography Berge (2001), where it is possible to find data about 
potential sources of buildings’ environmental impact. For the quantification of the social 
parameters, there were used several normalized methodologies available regarding also the 
national law, in some cases. The last group of parameters, the economic ones, was quantified 
using the LCCA (life cycle cost analysis) procedures.   
3.4. Normalization and aggregation of parameters 
The normalization aims the extinction of scale effects in the aggregation phase and was 
achieved  applying  the Díaz-Balteiro and Romero (2004) equation: 
𝑃𝑖 =  
𝑃𝑖− 𝑃𝑖∗
𝑃𝑖
∗− 𝑃𝑖∗
  ∀𝑖 (1) 
Where Pi is the value of the ith parameter, Pi* is the best value of the ith parameter and Pi* is 
the standard value for the same sustainable parameters.  
This procedure make the parameters values dimensionless, within a scale 0 (worst value) to 1 
(best value), facilitating the aggregation and the comparison with benchmarks.  
The aggregation consists on a weighted merge of the parameters into categories and the 
categories into dimensions in order to obtain three single indicators. These three values are 
obtained using the equation (2) which final result gives the dimension performance. 
𝐼𝑗 =   𝑤𝑖
𝑛
𝑖=1  ×  𝑃𝑖  (2) 
Where Ij is the weighted average of all normalized parameters 𝑃𝑖  from the indicator j, wi is 
the weight of the parameter ith. 
This weighting average process may not be consensus and can suffer changes depending on 
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specific situations. The weights used on the environmental performance have international 
acceptance due to the United States Environmental Protection Agency (EPA) studies, which 
give the relative importance of each parameter according to its harmful effect on the 
environment (Bragança et al. 2007). The evaluation of social parameters is easy however there 
are some discussions, caused by disagreement on the influence of each parameter on the final 
result. As so, to avoid this subjectivity, it is left out of the assessment all parameters that are not 
directly related to health and comfort of the building’s occupants.  
3.5. Sustainable score determination and evaluation 
The assessment ends with the quantification of the sustainable score (SS). The SS is a single 
index that represents the global sustainability performance of the building, and it is achieved by 
using the equation (3). 
𝑆𝑆 =  𝑤𝐺1 ∙ 𝐼𝐴 +  𝑤𝐺2 ∙ 𝐼𝑆  + 𝑤𝐺3 ∙ 𝐼𝐸   (3) 
Where SS is the sustainability score, Ii is the indicator of the dimension i and wj is the weight 
of the indicator jth.  
The evaluation of the SS is still not consensual, since it is obtain through the use of weighting 
factors. In this study the environmental dimension had a high importance while social and 
economic dimensions shared the same weighting value, Table 1.   
 
Table 1. Weight of each sustainable dimension in the SS. ________________________________________ 
Dimension  Weight (%) ________________________________________ 
Environment  40 
Social  30 
Economic  30 ________________________________________ 
 
The assessment only finishes after the qualitatively classification (Table 2) of the SS and the 
emission of a sustainable certificate.  
 
Table 2. Levels and conditions to the assessment of the three sustainable dimensions and its indicators. ________________________________________ 
Level Condition ________________________________________ 
A
+
   𝑃𝑖  > 1.00 
A 0.90 <  𝑃𝑖  ≤ 1.00 
B 0.70 <  𝑃𝑖  ≤ 0.90 
C 0.50 <  𝑃𝑖  ≤ 0.70 ________________________________________ 
______________________________________ 
Level Condition ________________________________________ 
D 0.30 <  𝑃𝑖  ≤ 0.50 
E 0.10 <  𝑃𝑖  ≤ 0.30 
F 0.00 <  𝑃𝑖  ≤ 0.10 
G  𝑃𝑖  < 0,00 ___________________________________________________________________________ 
Where 𝑃𝑖  represents the parameter i
th
 or the SS. 
 
In spite of the need to determinate in which level fits the SS, this global index should not be 
presented alone, since the values’ aggregation may hide some significant differences between 
the indicators values. There for it is important to display also the intermediate indicators.   
4. RESULTS 
In order to facilitate the understanding, this section follows the framework of the SBTool
PT
 
methodology.  
4.1. Definition of system boundaries 
As the assessed building is an office building it was necessary to follow the Portuguese law for 
this type of building – Regulamento dos Sistemas Energéticos e Climatização de Edifícios 
(RSECE, 2006). According to RSECE, Solar XXI is similar to an office building with 14 hours 
of use per day and it’s closed during the weekend. The occupation density was established in 30 
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square meters per occupant (approx. 50 occupants). From the whole life-cycle of the building 
there were only assessed the phases of construction and occupancy.  
4.2. Performance evaluation 
4.2.1. Environmental performance 
Table 3 resumes the results of the categories assessed on the environmental dimension (D1). 
Each category has its own parameters performances.  
 
Table 3. Resume of environmental parameters evaluation. _________________________________________________________________________________ 
Category Parameter P. value  P. value P. Weighing  P. Weighted   P. Performance 
  (Normalized)  Factor (%) Value _________________________________________________________________________________ 
C1 P1    -.- 1.3 100 1.3 A
+
  
C2 P3 49.03 % 0.35 8.06 0.03 D 
 P4 100    % 1.11 9.68 0.11 A
+
  
 P5 51.73 % 0.84 38.71 0.33 B 
 P6 80.27 % 0.23 43.55 0.10 E  
C3 P7 31 kgep/m2.year 1.0 50.0 0.5 A 
 P8 6406.04 kgep/year 0.26 50.0 0.13 C  
C4 P9 2.03 % 0.14 25.0 0.03 E 
 P10 262 ton 0.6 25.0 0.25 E 
 P11 23.16 % 4.63 28 1.30 A
+
 
 P12 0.0   % 0.0 18.0 0.0 G 
 P13 40 % 0.75 40.0 0.30 B  
C5 P14 9.13 m3/occupant 0.99 64 0.637 A 
 P15 0.0 % 0 36 0.0 G __________________________________________________________________________________ 
 
The C1 accounted only the construction phase. So, there were evaluated all the materials and 
construction solutions used on Solar XXI and their areas, for all the construction elements 
(walls, floor, etc.) in the following categories: Global warming potential (GWP); Ozone 
depletion potential (ODP); Acidification potential (AP); Photochemical ozone creation potential 
(POCP); Eutrophication potential (EP) and Fossil fuel depletion potential (FFDP). 
The C2 was accomplished with the evaluation of four parameters: Land waterproofing index 
(P3); Percentage of used land previously contaminated or built (P4); Percentage of green areas 
reserved to native plants (P5); Percentage of plan area with reflectance equal or greater than 
60% (P6). Each one had a different method of quantification due to their specifications. The 
third category, C3, evaluated the consumption of non-renewable primary energy during the 
occupation phase (P7) and quantity of renewable energy produced in the building (P8). Unlike it 
was expected, this assessment did not confirm the building’s energy efficiency. It was expected 
a class A+ performance given the characteristics of Solar XXI and its known evidences of 
energy efficiency. The result was a class C performance, probably due to some undisclosed 
information at the moment. The evaluation of the C4 accounted five parameters: Cost 
percentage of re-used materials (P9); Weight percentage of building’s recycled content (P10); 
Cost percentage of certificated organic based products (P11); Mass percentage of substitute 
materials of cement in concrete (P12); Building’s potential to promote waste separation (P13). 
The water category, C5, showed that Solar XXI has a great potential in re-using wastewater as it 
has no facilities installed to execute this issue (P15). The final result also proved a small amount 
of water consumption (P14).  
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4.2.2. Social performance 
Table 4 lists the results obtained in the social performance (D2) quantification. 
 
Table 4. Resume of social parameters evaluation. _________________________________________________________________________________ 
Category Parameter P. value  P. Value P. Weighing  P.Weighted   P. Performance 
  (Normalized)  Factor (%)  Value _________________________________________________________________________________ 
C6 P16 80 credits 1.67 12.35 0.21 A
+
  
 P17 99.63 % 1.11 17.28 0.19 A
+
 
 P18 -. - 0.99 39.51 0.39 A
+
  
 P19 -. - 2.92 30.86 0.90 A
+
  
C7 P21 6.0 0.33 55.0 0.18 D 
 P22 55 2.7 45.0 1.2 A
+
 _________________________________________________________________________________ 
 
The C6 as it was said before did not evaluate the acoustic comfort. All the other parameters 
assessed a class A+ performance, as expected; the ventilation potential (P16), the weighted 
percentage of finishing materials with low amount of VOC (volatile organic compounds) (P17), 
the annual average of thermal comfort (P18) and the average of daylight factor (P19). The P18 
was not evaluated with the initial proposed values because there wasn´t enough  information 
available, however it was assessed using  the values presented on the Gonçalves et al. (2008) 
paper. The C7 assessment was carried out by the calculation of two parameters: the accessibility 
to public transports (P21) and to amenities (P22). Despite the good result of P22, the access to 
public transports obtained an unexpected result to a city as Lisbon. The C8 category – education 
to sustainability – was not included since the values needed were not available to this office 
building.  
4.2.3. Economic performance 
Table 5 shows the results from the unique parameter evaluated on the economic performance 
(D3), which obtain a good result, class A performance.  
 
Table 5. Resume of economical parameter evaluation. _________________________________________________________________________________ 
Category Parameter P. value  P. value P. Weighing  P. Weighted   P. Performance 
  (normalized)  Factor (%)  Value _________________________________________________________________________________ 
C9 P25 20.35 €/m2.year 0.99 100 0.99 A  _________________________________________________________________________________ 
4.3. Sustainability Score Determination 
The table 6 resumes the aggregation process, and shows its final results. Each dimension 
obtained a very good result: D1 – class A; D2 – class A+ and D3 – class A. The aggregation of 
this three values, gave the SS value, which showed that Solar XXI has a class A
+
 Sustainable 
Performance. Moreover, with this result it was possible to emit a Sustainability Certificate to 
Solar XXI, by the SBTool
PT
 methodology.  
 
Table 6. Category aggregation and SS determination. ___________________________________________________________________________________ 
Dimension  C. performance C. Weighing C. Weighted  D. performance SS  
   Factor (%) value ___________________________________________________________________________________ 
D1 C1 1.33 12.0 0.16 0.94  A  
 C2 0.56 0.19 0.11   
 C3 0.63 0.39 0.25   
 C4 1.69 0.22 0.37   
 C5 0.64 0.08 0.05   1.15  A+ 
D2 C6 1.69 0.69 1.16 1.59  A+  
 C7 1.38 0.31 0.43    
D3 C9 0.99 100 0.99 0.99  A ___________________________________________________________________________________ 
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5. CONCLUSIONS 
Globally, the necessity to think forward on sustainable construction is essential to improve the 
world and the life of its habitants.  
Sustainable design, construction, operation, disposal and refurnishing of buildings should be 
base on the environmental pressure, social impact and life-cycle costs, otherwise, the rupture of 
natural resources, comfort and economic systems will be unavoidable.  
This paper presents the evaluation of the sustainable performance of the office building - 
Solar XXI, using the SBToolPT methodology. Although SBToolPT has been specifically 
developed to residential buildings, in this study it was applied to an office building, testing and 
proving its flexibility and capability of adapting itself to the particular features of the studied 
building.  
During this evaluation there was a need to readjust some of the parameters and, in certain 
cases, some were completely excluded. However, the final result was positive, as it was verified 
that beyond being energetically efficient, the Solar XXI represents a good example in how to 
achieve the sustainability in the construction sector. 
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1 INTRODUCTION 
1.1 The building production chain in Brazil.  
Starting in the last decade, several new buildings erected in the principal urban centres of Brazil 
experimented with the use of semi-finished or industrialized materials in combination with 
innovative constructive technologies in their management and production processes.  These 
buildings were a response to the process of modernization within the civil construction industry, 
yet they frequently became examples of a practice where attempts to technologically innovate 
were combined with a culture of planning, creating and producing the constructed space that 
was still artisanal in nature. In other words, existing knowledge was not updated, the business 
vision was frequently distorted, there was little investment in the training of the labour force, 
and more effective systems for the codification and standardization of materials, services, as 
well as the products produced by the industry were lacking.   
A building is a complex composition of inter-related components that are dependent on the 
activity of various types of agents. In these newly-constructed urban buildings, serious 
pathologies, as well as the premature breakdown of the constructional components make an 
early appearance, compromising the performance of these buildings.   
1.2 Buildings in use and maintenance practices. 
In Brazil, concepts such as performance, service life, adequacy of operation and building 
maintenance are new, and their applicability to the civil construction production chain is still 
incipient, even though it has been noted in the market that these are economic activities with 
great growth potential.   
It must be borne in mind that, until recently as far the building industry was concerned, the 
production of building space was both economically and culturally restricted and, frequently, 
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maintenance of steel buildings employing an ergological approach and using evaluations 
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still is, to a linear process of construct → enter into use. In short the industry was directly 
focused on a continual renovation of stock. Thus, it is natural to see within this context how 
maintenance would be reduced to an activity centered on the correction of faults and only taking 
place when these occur. 
Thus, for the great majority of users of urban buildings in Brazil, the maintenance function is 
still seen primarily as a corrective process and conducted in a preventative manner for certain 
elements of the building system more related to the health and safety of its users.  Such services 
are contracted out to maintenance management groups, by means of service providers, who 
function in an isolated manner, without documenting the services performed, without 
coordination or pre-established planning, or based merely on an annual expense budget 
(Resende 2004). 
In the majority of cases, there is resistance to adopting new concepts in maintenance, given 
that better performance in building maintenance would imply a greater allocation of resources. 
A social-cultural difficulty arises, which favors an erroneous understanding that frequently 
pushes these essential maintenance activities to the side, where they can be postponed 
(Antonioli 2006).  
Gomide (2007) has observed that a building is the “child of many parents”, resulting in many 
conflicts. This author believes it to be an opportune moment to revise positions and 
methodologies, especially when one considers the new construction and managerial 
technologies employed in Brazilian civil construction, as well as the new performance 
regulations and other relevant certification now required in this sector.   
Thus, he is in agreement with Wood (2005), when he emphasizes that the maintenance and 
enhancement of the built environment, together with the quality of life and the well-being of the 
final user merits serious attention.  In this sense, according to him, research in this area, 
previously considered to be of little importance, is increasingly valued, as is the need to adopt 
new approaches or study perspectives that point to new directions for the future.   
2 RELEVANCE OF THE INVESTIGATION 
2.1 Maintenance as activity.  
In this on-going research project,  maintenance is considered to be a “set of actions which 
enable one  to maintain or re-establish an asset in a specific state, or, further, assure an 
established service”, ” (Mirshawka 1991; apud  Bezerra  2000). Therefore it can be stated that, 
under productive logic, this function requires the completion of actions that are of a 
technical/executional, operational and managerial nature, so as to insure that the evolution of the 
service life of this asset is in line with the expectations anticipated at its conception.  
Building maintenance, seen thus, presents itself as a broad   research theme that covers a wide 
diversity of perspectives that, in turn, implies the treatment of a large number of variables.  
Treated as a technical function, building maintenance analyses various constructive systems 
and subsystems and their interfaces, the technical-financial aspects of the deterioration and 
performance of these systems, their components and, in short, the building performance as a 
whole, as well as analyzing operational models and their applicability.  On the other hand, it is 
an activity that equally consists of the analysis of the activities of the various agents that could 
interfere with the durability, performance and optimization of the building lifecycle. 
In the last few decades, various academic works have focused on the investigation of 
maintenance activities. The majority of these emphasize codifying and controlling these 
activities based on rigorous analysis of operational and technological practices.   
Such research takes on a particular relevance, and is translated into attempts to adopt, in line 
with the realities of businesses and public institutions, an instrumental-technical logic which 
seeks to become universal; in other words, a logic that is capable of transcending regional 
and/or local contingencies, and placed within a rationalism that is conceived as a systematic 
method for quantifying the human experience (Canguilhem 2001).  
In another perspective, in observing the intersection with various disciplines that this 
investigation implies, it may be stated, therefore, that the treatment of the maintenance function, 
in a more explicit or indirect manner, goes beyond the mere formulation of applicable 
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techniques. It refers in essence not only to the notion of activity, but also to the management of 
this activity; in other words, it proceeds from the necessity of understanding it as a human 
endeavor.  
2.2 Justification 
The basic proposal of this research is to establish directives for the maintenance of buildings 
that incorporate systems and /or industrialized components, in particular, steel structures in their 
construction process. In light of such considerations, in presenting the theme of building 
maintenance as applied technology, and affirming that it is intrinsically linked to the notion of 
human activity or work, the principal premise of this article is that there is the fundamental need 
to contextualize it. 
In this sense, it is necessary that its treatment starts with a situated perspective, where it   is 
possible to make a relational analysis between the actions of maintenance, the physical 
performance of the buildings conceived as innovative constructed systems, and its use and 
operation, in short, made according to the specifics of the organizational culture.   
To achieve this, a slice of the universe to be investigated is made: the research proposes to 
evaluate building maintenance activities in the steel structured buildings of the Engineering 
Faculty of the Federal University of Ouro Preto, located on its main campus, that of the Morro 
do Cruzeiro.   
It is believed that this proposal, using a particular perspective, is relevant.  Granted, in the 
literature on management, with an established strong functionalist tradition, a social dimension 
is recognized as a variable with potential to affect organizational success (Silva & Vergara 
2003). Nonetheless, by gathering and recording data and publishing the results, this research 
will contribute to the application of new methodological approaches of investigation of the 
theme, as well as increase new contributions to existing studies, in rediscovering little explored 
dimensions, and increase the vision of the strategies, processes or technologies.   
3 METHODOLOGY 
3.1 The theoretical-methodological basis.  
Given the singularity of its approach, this research project is structured as a case study, in which 
an understanding of the phenomenon is emphasized, and not its measurement.  It is thus 
characterized by the use of qualitative data that is both exploratory and interpretative, and not by 
the search for clear and definitive conclusions (Yin 1984). Parallel to this, while the perspective 
is particular, it is necessary to attempt that this investigation must be inserted into a wider 
picture of academic discussion, providing the framework for the proposed questions related to 
the theme (Mazzotti & Gewandsznajder 2000). 
Sousa Santos (1988) characterizes the present as ambiguous and complex, a period difficult 
to understand and investigate. It is “a period of transition”, where, on one hand, an assumed  
dissemination of a hegemonic thinking and universal practices simultaneously coexists with  a 
social fragmentation into different types of communities existing in regional and local spheres.     
Thus, this author proposes a new approach where understanding can be treated as a whole.  
This totality, while indivisible, also includes that which is singular, and, therefore, must be 
treated as themes adopted by different communities and of an interpretative character that is  
“… concrete as the local life projects”. Therefore he believes that, if there is need of 
fragmentation, it should be along the lines of themes and not disciplines, because in increasing 
the object of the study, knowledge is also increased.  This, conceived as a process, takes shape 
as a search for new and varied interfaces: in other words, it is intrinsically characterized by 
differentiation.   
However, Sousa Santos (1988) believes that, in thinking of the present as a moment of 
transition, scientific practice should be characterized by prudence. He defines this as “assumed 
and controlled insecurity”, since, given the uncertainties of contemporary life, he believes that 
effectively visualizing concrete investigative projects using this new perspective is difficult to 
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achieve.  For Sousa Santos, scientific investigation is divided and fragmented, because of the 
nature of our societies; in other words, the path can be known, but not exactly where it is going.   
Thus, it is agreed here with Santos (2002) when he states that, in the last analysis, actions 
define objects, giving them meaning, and, therefore, the materiality and the event must be 
treated together; As well it is agreed with Martins (1998), who completes this idea when he 
warns that the researcher trying to capture social life as reality must bear in mind that the fact is 
something inseparable from the conception which he or she holds of it. In other words, the 
investigation is always impregnated with a particular world vision, defined by his or her social 
commitment and historical perspectives.   
It is in this sense that Ergology has been chosen as the theoretical-methodological basis for 
this research, because this area of knowledge, in analyzing a given work activity, believes in the 
human potential to understand and transform this singular situation that the individual is 
experiencing.  This recreates a pertinent new means in itself and in the situation, allowing for a 
synergic dialogue between different scientific disciplines and knowledge acquired in practice 
(Athayde & Brita 2007). 
3.2 The bases of the ergological perspective 
According to Schwartz (2007 a), the ergological perspective, when dealing with work, looks at 
human activity as a whole.  Therefore work is viewed differently from those concepts of action 
theories that are based on general principals that assign value to “human capital”, to 
performance which promotes the “cult of performance” and to the “physical and psychological 
over-investment”. Thus, in looking at work within the general context of human activity, this 
author recognizes that any work situation contains  within itself the potential for transformation, 
for change, because the notion of activity carries within itself the idea of “creating in another 
form”, thus making it impossible to enclose it within a single model of analysis.   
Being a singular perspective, the ergological approach also requires a vision that is 
simultaneously focused and broad, a “micro-macro pulsar” (microscopic and macroscopic levels 
of social life). This is because Ergology believes that in any work activity choices are made, 
norms and prescriptions are interpreted, and (re)configured in a particular manner as a result of 
the meeting and debate of values concerning social life (Schwartz 2007 a, Durrive 2007). 
In Ergology there is a distinction between the concepts of action and activity.  The first can 
be identified, attributed to a decision, submitted to reason, while the second, like Life, has no 
predefined limit. On the contrary, human activity links everything that the scientific disciplines 
have represented separately: “the body and the spirit; the individual and the collective; the act 
and the values; the private and the professional, the imposed and the desired …” (Durrive 
2007).  
Schwartz (2007b) characterizes human activity as having three essential aspects.  The first 
refers to transgression: no area of knowledge can monopolize the concept of activity because 
this touches on the conscious and the unconscious, the verbal and the non-verbal, the biological 
and the cultural, and the mechanical and the values. The second aspect refers to mediation: 
where the activity imposes a relativization upon all these fields of knowledge, between the 
micro and the macro levels, between the local and the global.  The last involves a contradiction 
in potential, because activity is always a place-moment of debate; results are always ambiguous, 
being divided between norms deeply-rooted in the spheres of the social life and the tendencies 
to new norms resingularized by human beings in their daily life, in short, the basis of human 
historicity.    
With this in mind, Cunha (2005) concludes that, when investigating human activity from the 
point of view of this singular totality, impregnated with meanings, values, motives and beliefs 
of a recovered subject, the ergological approach seeks to reunite the psychological, social and 
cultural dimensions that have been fragmented by scientific rationalism.  
3.3 The methodology adopted 
The methodology uses this ergological approach bearing in mind that, on the one hand,   
minimal criteria must be adopted for defining methodological procedures for qualitative 
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research (Haguette 1992); on the other hand, there must be flexibility and the possibility of 
rearranging the investigation.  
Thus the methodological process, in progress, is configured by establishing three essential 
steps and their respective requirements as follows:   
A. Contextualizing the area of investigation, consisting of the description and analysis of 
the organization and the social groups linked to it that refer directly or indirectly to 
the research theme. This is obtained through the collection and analysis of primary 
data referring to the norms and /or procedures for the current maintenance system 
adopted by the institution and as well analyzing qualitative data collected through 
semi-structured interviews with the staff members who perform the various 
maintenance activities in the buildings being investigated. 
B. Buildings Inspection is carried out by means of the following: identification, 
collection and analysis of the primary data on the existing technical documentation; 
determination of the current physical state of the buildings through exploratory visits 
for mapping and photographing occurrences resulting from poor use and operation  
and /or immediately identifiable construction pathologies; collection and analysis of 
qualitative data relative to the use and operation of buildings, by conducting semi-
structured interviews with the user population in order to identify and understand the 
level of knowledge and expectations on the issues under investigation.  
C. Analysis of the results obtained, and relating them to issues such as innovative 
constructive materials, the socio-cultural environment and new concepts, and 
strategies and techniques for maintenance.  These can be used to draw up directives 
that will contribute to the design and implementation of a building maintenance 
system for the purposes of renewing the physical performance and optimizing the 
useful life of buildings that use industrialized construction components, with 
particular emphasis on steel structures.  
4 RESULTS 
The results presented in this article refer to several of the analyses already made of the 
qualitative data obtained through interviews with the maintenance staff working in the teaching 
units under investigation.  
4.1 The socio-cultural context 
UFOP, founded in 1969, presently offers 24 undergraduate programmes, 26 specializations, 2 
professional masters programmes, 11 academic masters programmes and 5 doctoral 
programmes distributed across 3 campuses:  that of the Morro do Cruzeiro, the first and 
principal campus of the university, situated on the outskirts of the historical centre of Ouro 
Preto, another in the neighbouring city of Mariana and a third in Monlevade, a mining region 
known as the Vale do Aço, or the Steel Valley.  Aside from these three campuses, as part of the 
property of UFOP, there are various buildings of historical value in the central region of the 
City of Ouro Preto, such as the School of Mining on the Tiradentes Plaza, the School of 
Pharmacy, the Principal’s offices, student lodgings, among others.   
4.2 From results already obtained 
When interviewing one engineer of the maintenance staff, it was soon determined that there is 
an almost complete lack of formalized norms or protocols for the current maintenance system 
adopted; the prescriptions for this function are only available in the form of an organizational 
chart, provided by him.   
In analyzing this maintenance organizational chart, it can be seen that this sector is directly 
linked to the Infrastructure Department situated on the Morro do Cruzeiro Campus in Ouro 
Preto.  Only one of the activities related to maintenance, a sub-contracted service responsible for 
cleaning and conservation of the buildings and public spaces is linked to and, thus, managed by 
the Administration Department, there being no direct interrelation with the maintenance sector.   
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A first observation that can be made refers to the great hierachization of the functions, as well 
as the diversity of the employees, be it by the type of link with the institution, be it by the degree 
of responsibility and education, as may be seen from the organizational chart presented in 
Figure 1.  This large hierarchy, encompassing the various visions and interpretations favored by 
the diversity of the maintenance staff, shows the difficulty in obtaining facts that would reveal 
the system and the organization of maintenance adopted by the institution.  
The investigation was confronted by two difficulties: scanty existing standards and the 
peculiarity in how this activity functions, making it difficult to make a direct and systematic 
observation of the work. Therefore conducting interviews with the various agents who make up 
the maintenance sector became a basic instrument for understanding how this activity is 
organized, what are the relationships between these agents and their work, and how these are 
defined and redefined in this process 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Partial organizational chart of UFOP´s University Administration. Fonts: UFOP 2007 
 
Figure 1 – Partial organizational chart of UFOP´s University Administration. Fonts: UFOP 2007 
 
.     
Thus, in order to “construct” the work situation through systemizing  the experiences of the 
employees who participate in it, semi-structured interviews were conducted with 23 staff 
members in various positions of the university administration, as well as members of the 
technical group employed in maintenance activities.   
When analyzing the qualitative data obtained through the interviews, were found statements 
that the functioning of this sector was precarious, and that, according to many of participants 
interviewed, the reduction of the maintenance team and the staff members´ lack of adequate 
qualifications had equally contributed to this situation. Maintenance is a sector of the 
infrastructure that has not grown or been organized concomitant to the physical expansion 
undergone by UFOP, principally in the last ten years, with a three-fold increase in installed 
capacity.   
Added to the functional responsibilities shown on the organizational chart there are two 
additional functions in the administrative area of each teaching unit which deal with 
maintenance. The guidelines for these are contained in the general regulations of the University 
as a functional assignment.  One of these is the Unit Director who is responsible for obtaining, 
by means of a formal request, the maintenance services of the teaching unit; and the other is the 
position of Building Administrator, who is responsible for monitoring the cleaning services 
within the building, making routine inspections of the installations and those maintenance 
services that have been requested  and already executed, as well as notifying the Director of all 
requests, both those that he has verified and  those solicited by teachers and building staff.  
Noticed in the interviews is the tendency of University Administration to substitute personnel 
with sub-contracted staff, evidence of which may already be seen at the lower levels of the 
functional hierarchy of this sector, principally in the team of workmen.   
It can be stated, as well, that the majority of personnel who comprise the technical and 
administrative staff in the maintenance sector work under an intense load of requests and have 
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to operate in a confusing series of activities, dependent on the actions of others.  These range 
from the innumerable requests made by the teaching units, to cases where superiors overstep 
operational targets or people or units employ persuasion and who, in not following the 
chronological order of service for the processing of the request and evaluation of its seriousness, 
do not respect the existing service structure.  In fact the impossibility for adequate performance, 
or better, a conflicted relationship has been established.  
One of the principal concepts proposed by Ergology is that work always involves use: the use 
of the individual by himself or herself, and, simultaneously, the use of the individual by others.  
Thus, work becomes “problematic and fragile” configuring itself as a “drama”.  On the one 
hand, the use of the individual by others can be defined by ‘…the fact that the entire universe of 
work activity is a universe in which all types of norms reign: be they scientific, technical, 
organizational, of power…”. On the other, there is the use of the individual by the individual 
herself or himself “…because there permanently arises … the emptiness or deficiencies of 
norms” …that insist on choices being made according to individual life criteria, one’s own 
references, a private synthesis of values (SCHWARTZ, 2007 a). 
In analyzing how the various staff members expressed their own evaluation of the 
maintenance system adopted by the university, this particular manner of perceiving and 
understanding the work situation was evident, such as the examples from part of interviews with 
three of the staff members:  
  “... there is maintenance, it is the responsibility of  Physical Plant to perform what is essentially  
corrective maintenance... the concept of maintenance in the university is clear, both with regards to 
preventative as well as corrective...,in Physical Plant..., corrective maintenance is basically practiced., 
there is not yet a definate form of carrying out preventative maintenance in the buildings..., however in 
the public sector, I don’t believe that maintenance projects work, for this reason, budget questions. ...”; 
 “… this is here only for putting out fires..., but those activities which would be interesting to do..., 
that would be preventative, so that you could reduce the cost of maintenance..., that doesn’t exist here, ..., 
that there is something that people set up, ... In reality, the function of this planning chart is precisely to 
guide the actions of physical plant in a macro fashion..., so as to optimize the resources that the 
university makes available for maintenance…, it is a lot of things,… the priorities are always changing.., 
people have to be really flexible here in order to serve everyone…, because,…, there is a conflict of 
priorities…, but in fact, these actions here…, a large part of them are at the request of the units, and the 
rest, a good part of them, are actions ordered by the administration,… the higher administration, this is a 
way of the administration of reminding us how things are going…”;  
 “...today we are working alone, without any policy.  People hurry up, do what is possible; the 
decisions are as I said, “technical-people and there is no schedule ... many things that were done this 
year were because of personal insistence, … The structure is big…, at the beginning of the year... more 
that two hundred items to be evaluated were listed, many were carried out, but there was no plan of 
priorities set up ,  … they estimated the priorities and saw what they were … I think , the document was 
shelved .. they are going to do whatever shows up …”; 
 “…in my case, it is general maintenance of the building, from this classroom right down to garbage 
collection...it is as if I were  a building cleaner.  All problems that occur are sent to me and I pass them 
on to campus physical plant or to the maintenance sub-contractors.  First it goes by me, I look at the 
service and, if it needs the signature of the director, I have to pass it on to him, for him to authorize it… I 
am the intermediary between what is going on and the director and the head of physical plant on 
campus…” 
What can be seen from these interviews is that the individuals involved in the university’s 
maintenance sector live within a work dynamic that is under constant change and that, 
depending on their particular reasoning , be it  technical, personal, or cultural,  and on the level 
of responsibility that they occupy, of the experience acquired in the work place, of the values 
that guide their way of observing the world, etc., they become conscious or, in fact, do not even 
perceive the level of demands that this dynamic goes on to require.  As well, such reports 
demonstrate the lack of a guide, something which would provide them with a reference on how 
to act.   
Thus, it is not only working situations where the norms are clearly pre-established that 
constitute a pressure on the individual by others and by oneself.  If the parameters are lacking, 
the individual cannot succeed in reinventing or respecifying the norm or what is expected of 
him or her in a work situation.   
Faïta & Niero (apud Schwartz 2004) show that the emergence of a work situation impels a 
individual to improvise actions that, in truth, are the expression of a private attempt, normally 
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guided by the imposition of ‘keeping up appearances....”. In the situation under investigation, it 
may be stated that, more than “keeping up appearances”, such attempts take shape as forms of 
survival when confronted by circumstances and that, individually, are the private expression of 
this conflicted relationship.   
In such a situation, the individual sees himself obliged to create and regulate criteria for his 
functioning by means of his own resources that can justify or attribute value to his function and 
to himself; that is, the less an action and its requirements are anticipated and laid out, the more 
the work activity will require personal adjustment of the individual. This normally becomes 
problematic, as it requires something to be handled (the use of the individual by himself or 
herself), be it the ordering of priorities, be it in the choices that have to be made, that are, in 
truth, ways of choosing (Schwartz 2004).  
5 FINAL CONSIDERATIONS 
The results described above, prove, in a preliminary conclusion of the work in progress, the 
inadequacy of conceiving of the existence of a technical imperative in situations of human 
activity, particularly those relative to work; “...technology is only an absolute when not 
achieved...” In contextualizing technology, be it historically, be it geographically, it becomes 
necessary to understand it  in terms of its use by man, of the intermediation of its action; in 
short,  its relativization is required (Santos 2004).  
In this sense, nowadays, while the alienation of the individual confronted by a work situation 
may be generalized, Schwartz (2007) warns of the fact that, individually, suffering at work 
acquires a relevant importance. Therefore, when considered, it must be ensured that such an 
observation does not involve explanations that, instead of contributing to a transformation, 
result in paralysis, leaving one with a sense of impotence when confronted by the drama of the 
use of oneself by others.   
On the contrary, it is agreed with this author, when he states that if the activity is always a 
debate of norms between an individual and an environment “saturated with values”, the path to 
be taken is that of “debate of values”. Using an ergological approach, in order to understand and 
make human activity viable in a specific context,   it is critical to permanently place life and 
work experience in debate and confrontation with the concepts that arise from these 
experiences, always configured in a manner both imperfect and provisional, but fundamental for 
the on-going attempt for a collective construction that makes possible the coexistence of 
differences (Schwartz 2007 a). 
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1 INT RODUCT ION 
It  i s  ha s  be e n r e por t e d on ma ny oc c a s i ons  t ha t  bui l di ngs  a r e  r e s pons i bl e  f or  j us t  unde r  ha l f  of  
t he  e ne r gy us e  a nd CO 2  e mi s s i ons  i n t he  UK  ( T ur r e nt  2007) . For  t hi s  r e a s on, s us t a i na bi l i t y a nd 
e ne r gy e f f i c i e nc y a r e  ma j or  dr i ve r s  i n t he  de s i gn of  a l l  ne w bui l di ngs . In t he  UK , ne w gove r n-
me nt  l e gi s l a t i on ha s  r e c e nt l y s e t  t a r ge t s  t o r e duc e  80%  of  c a r bon e mi s s i ons  f r om bui l di ngs  by 
2050, whe n c ompa r e d wi t h 1990s  l e ve l s . M e e t i ng t he s e  a mbi t i ous  ne w t a r ge t s  a nd s t r i c t e r  
bui l di ng r e gul a t i ons  wi l l  be  c ha l l e ngi ng a nd wi l l  e nc our a ge  de s i gne r s  t o i nc or por a t e  mor e  
‘ gr e e n’  t e c hnol ogi e s  i n f ut ur e  pr oj e c t s . Howe ve r , de s i gni ng a  ‘ gr e e n’  bui l di ng i s  onl y one  a s -
pe c t  ne e di ng c ons i de r a t i on. T he y mus t  a l s o pe r f or m ‘ gr e e n’  onc e  oc c upi e d a nd i n-us e  a s  t he  
me a s ur e d pe r f or ma nc e  of  a  bui l di ng c a n of t e n be  di f f e r e nt  f r om t ha t  pr e di c t e d dur i ng de s i gn 
s t a ge  ( Pi e t t e , K i nne y e t  a l . 2001) . In t he  UK , pr oba bl y t he  be s t  know pos t -oc c upa nc y moni t or -
i ng pr oj e c t s  we r e  t hos e  i n t he  PROBE ( Pos t -oc c upa nc y Re vi e w of  Bui l di ngs  a nd t he i r  Engi -
ne e r i ng)  s e r i e s  ( Cohe n, St a nde ve n e t  a l . 2001) . T he  r e s ul t s  of  t he s e  s t udi e s  r e por t e d t ha t  t he  a c -
t ua l  e ne r gy us e d i n a  bui l di ng wa s  of t e n di f f e r e nt  t o t ha t  pr e di c t e d a nd t ha t  t he  be s t  pe r f or mi ng 
bui l di ngs  we r e  not  a l wa ys  t hos e  e xpe c t e d t o do s o ( Bor da s s , Le a ma n e t  a l . 2001) .  
BREEAM  ( BRE 2009)  i s  a n e nvi r onme nt a l  a s s e s s me nt  me t hod or i gi na t i ng i n t he  UK  whi c h 
r a t e s  a  bui l di ng’ s  pe r f or ma nc e  on i nf or ma t i on obt a i ne d dur i ng t he  de s i gn s t a ge . A r e c e nt  s t udy 
r e por t e d t ha t  a  BREEAM  ‘ Exc e l l e nt ’  r a t e d bui l di ng doe s  not  ne c e s s a r i l y me a n t ha t  i t  wi l l  de -
l i ve r  a n e xc e l l e nt  e ne r gy pe r f or ma nc e  onc e  i n us e  ( Sa wye r , W i l de  e t  a l . 2008) . A di f f e r e nt  
s t udy c a r r i e d out  i n t he  USA, s howe d t ha t  gr e e n bui l di ngs  c a n pe r f or m we l l  whe n c ompa r e d t o 
A p o s t o ccu p an cy ev alu atio n  o f  a B R EEAM ‘ex cellen t’ rated  
o f f ice b u ild in g  in  th e UK 
S .J . Bi rchal l  
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ABST RACT :  De s i gni ng a  ‘ gr e e n ’  bui l di ng by i nc or por a t i ng s us t a i na bl e , l ow - e ne r gy t e c hnol o-
gi e s  i s  one  of  t he  wa ys  i n whi c h t he i r  e ne r gy de ma nd a nd r e l a t e d CO 2  e mi s s i ons  c a n be  r e -
duc e d. In r e a l i t y  howe ve r , i t  doe s n’ t  ne c e s s a r i l y f ol l ow t ha t  a  ‘ gr e e n c onc e pt  bui l di ng’  wi l l  pe r -
f or m a s  s uc h dur i ng pos t  oc c upa nc y. 
At  pr e s e nt , t he  pe r f or ma nc e  r a t i ng of  ma ny bui l di ngs  r e l i e s  on va l ue s  obt a i ne d dur i ng de s i gn 
s t a ge  a nd i t  doe s  not  ne c e s s a r i l y f ol l ow t ha t  a  bui l di ng wi l l  pe r f or m a s  i t  wa s  de s i gne d dur i ng 
pos t -oc c upa nc y.  
Us i ng a  BREEAM  ‘ Exc e l l e nt ’  r a t e d of f i c e  bui l di ng a s  a  c a s e  s t udy, t hi s  pa pe r  pr e s e nt s  t he  i n-
us e  pe r f or ma nc e  of  s ome  of  i t s  i ns t a l l e d t e c hnol ogi e s . T he  bui l di ng i nc or por a t e s  nume r ous  
gr e e n t e c hnol ogi e s  a nd ma ny of  t he s e  a r e  be i ng moni t or e d dur i ng pos t -oc c upa nc y. In a ddi t i on 
t o t hi s , a n oc c upa nt  s a t i s f a c t i on s ur ve y ha s  be e n c a r r i e d out .  
T hi s  pa pe r  pr e s e nt s  t he  a c t ua l  pe r f or ma nc e  of  a  s e l e c t i on of  t he  i ns t a l l e d t e c hnol ogi e s  a nd 
c ompa r e s  t he m wi t h t he i r  de s i gn pe r f or ma nc e . T he  pa pe r  a l s o pr e s e nt s  t he  r e s ul t s  of  t he  oc c u-
pa nt  s a t i s f a c t i on s ur ve y. 
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t he i r  c onve nt i ona l  c ount e r pa r t s  ( Ne ws ha m, M a nc i ni  e t  a l . 2009) . T he  f e w s t udi e s  t ha t  ha ve  
be e n r e por t e d s how t he r e  i s  a  ge ne r a l  l a c k of  pos t -oc c upa nc y e va l ua t i on a nd pe r f or ma nc e  moni -
t or i ng of  bui l di ngs  be i ng unde r t a ke n ( W a y & Bor da s s  2005)  ( Pa l me r  2008)  a nd on t he  f e w oc -
c a s i ons  whe n t hi s  ha s  be e n c a r r i e d out , t he  r e s ul t s  a r e  r a r e l y publ i s he d ( Ne ws ha m, M a nc i ni  e t  
a l . 2009) . Ca r r yi ng out  s uc h r out i ne  moni t or i ng of  a  bui l di ng’ s  pe r f or ma nc e  s houl d be  t he  nor m 
s o t ha t  i t  c a n pr ovi de  va l ua bl e  f e e dba c k t o t he  de s i gn t e a m ( Andr e u & Or e s zc zyn 2004) . Addi -
t i ona l l y, by r out i ne  moni t or i ng a nd e va l ua t i on, t he  a c t ua l  e ne r gy pe r f or ma nc e  of  a  bui l di ng c a n 
be  a s s e s s e d a nd opt i mi s e d t o de l i ve r  i mpr ove d e ne r gy e f f i c i e nc y.  
T hi s  pa pe r  i nve s t i ga t e s  t he  i n-us e  pe r f or ma nc e  of  a  ‘ gr e e n’  of f i c e  bui l di ng l oc a t e d i n t he  UK  
t ha t  wa s  a wa r de d a  BREEAM  ‘ Exc e l l e nt ’  r a t i ng of  87.55% . It  r e por t s  on s ome  of  t he  i ns t a l l e d 
t e c hnol ogi e s  t ha t  ha ve  wor ke d we l l  a nd on t hos e  whi c h ha ve  not  wor ke d a s  we l l  a s  e xpe c t e d. 
T he  pa pe r  a l s o e va l ua t e s  t he  l e ve l  of  oc c upa nt  s a t i s f a c t i on pr ovi de d by t he  bui l di ng. 
2 BUILDING DESCRIPT ION 
T he  bui l di ng moni t or e d f or  pos t -oc c upa nc y pe r f or ma nc e  wa s  a  4350 m 2  of f i c e  bui l di ng l oc a t e d 
i n t he  Nor t h-Ea s t  of  Engl a nd, UK . T he  de s i gn, wi t h i t s  ‘ gr e e n’  c r e de nt i a l s  wa s  e xpe c t e d t o pr o-
duc e  a n e ne r gy e f f i c i e nt  of f i c e  bui l di ng ha vi ng l ow c a r bon e mi s s i ons  whe n i n-us e . T he  c on-
s t r uc t i on pha s e  of  t he  pr oj e c t  wa s  c a r r i e d out  i n a  s us t a i na bl e  ma nne r  by us i ng of f s i t e  pr e -
f a br i c a t i on t e c hni que s  f or  ma ny of  t he  bui l di ng e l e me nt s , s e gr e ga t i on of  c ons t r uc t i on wa s t e  on 
s i t e  t oge t he r  wi t h e ne r gy a nd wa t e r  ma na ge me nt . T he  bui l di ng ma t e r i a l s  us e d we r e , whe r e  
pos s i bl e , s our c e d l oc a l l y a nd i nc or por a t e d r e c yc l e d ma t e r i a l s  i nc l udi ng PFA, Lyt a g a ggr e ga t e  
a nd r e c yc l e d s t e e l  a s  r e i nf or c e me nt .  
T he  bui l di ng c ompr i s e s  of  t wo 54m x 13m wi ngs  ( a  t wo s t or e y e a s t  wi ng a nd a  t hr e e  s t or e y 
we s t  wi ng)  s e pa r a t e d by a  c e nt r a l  gl a ze d a t r i um. T he  bui l di ng wa s  de s i gne d t o pr ovi de  f l e xi bl e  
of f i c e  s pa c e  t o be  us e d a s  e i t he r  ope n pl a n or  a s  c e l l ul a r  of f i c e s . T he  bui l di ng i nc or por a t e s  a  
numbe r  of  gr e e n t e c hnol ogi e s  whi c h i nc l ude  a n e xpos e d t he r ma l  ma s s  i nt e r na l l y, a  good l e ve l  
of  a i r  t i ght ne s s , a  l ow-vol ume  va c uum dr a i na ge  s ys t e m us i ng l ow-f l us h W C’ s  whi c h ut i l i s e  
r a i nwa t e r  ha r ve s t e d f r om t he  r oof  of  t he  we s t  wi ng, a  ‘ gr e e n’  s e dum r oof  on t he  e a s t  wi ng, CHP 
wi t h ma t c hi ng a bs or pt i on c hi l l e r s  f or  t r i -ge ne r a t i on, a  l ow e ne r gy l i ght i ng i ns t a l l a t i on i nc or po-
r a t i ng a n a t r i um de s i gn a nd a  l ow e ne r gy he a t i ng, c ool i ng a nd ve nt i l a t i ng ‘ T e r mode c k’  s ys t e m. 
T he  bui l di ng i s  c ont r ol l e d by a  Bui l di ng M a na ge me nt  Sys t e m ( BM S)  wi t h s pe c i f i c a l l y de s i gne d 
c ont r ol  s t r a t e gi e s  t o opt i mi s e  t he  ope r a t i on of  t he  bui l di ng s o a s  t o pr ovi de  a  c omf or t a bl e  a nd 
e ne r gy e f f i c i e nt  wor k s pa c e . Hi gh l e ve l s  of  i ns ul a t i on we r e  us e d i n t he  e xt e r na l  f a br i c  t o mi ni -
mi s e  he a t  l os s  f r om t he  bui l di ng a nd t ypi c a l  U-va l ue s  a r e  s hown i n T a bl e  1. 
 
T a b le  1 .  T yp ic a l U -va lue s.  
 
 
 
 
 
 
 
 
T he  bui l di ng wa s  c ompl e t e d a nd ope ne d i n Fe br ua r y 2007 a nd s i nc e  t he n oc c upa nc y upt a ke  
ha s  be e n s l ow. Now, a f t e r  a l mos t  t hr e e  ye a r s  of  ope r a t i on, t he  oc c upa nc y i s  s t i l l  onl y a r ound 
50% .  
B uild ing c o mp o ne nt Sp e c ifie d  U -va lue  ( W /m 2 K )  
Flo o r  0 . 1 5  
W a lls 0 . 1 5  
W ind o ws 1 . 5 0  
Ro o f gla z ing 1 . 7 6  
Ro o f 0 . 1 5  
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3 POST  OCCUPANCY M ONIT ORING AND EV ALUAT ION OF T HE GREEN 
T ECHNOLOGIES 
T hr oughout  t he  pe r i od of  oc c upa nc y t o da t e , t he  i n-us e  pe r f or ma nc e s  of  t he  ‘ gr e e n’  i ns t a l l e d 
t e c hnol ogi e s  ha ve  be e n moni t or e d a nd e va l ua t e d a nd a  s e l e c t i on of  t he s e  a r e  pr e s e nt e d i n t he  
pa pe r . 
3.1 Total water use in the building – a comparison between the predicted and actual 
performance. 
T he  t ypi c a l  wa t e r  c ons umpt i on f or  a n of f i c e  bui l di ng, wi t h no c a nt e e n, i s  quot e d a s  25.0 l i -
t r e s / f ul l  t i me  e mpl oye e / da y ( Envi r owi s e  2009) . In c l os e  a gr e e me nt  wi t h t hi s  va l ue , a not he r  
s our c e  ( W AT ER UK  2008)  e s t i ma t e s  t he  a ve r a ge  wa t e r  c ons umpt i on i n a n of f i c e  bui l di ng t o be  
24.5 l i t r e s / f ul l  t i me  e mpl oye e / da y ( ba s e d on 253 wor ki ng da ys  i n a  ye a r ) .  
In a n a t t e mpt  t o mi ni mi ze  wa t e r  us e  i n t he  bui l di ng a  va c uum dr a i na ge  s ys t e m f or  t he  W Cs , 
wa t e r l e s s  ur i na l s  a nd t he  l ow vol ume  f i t t i ngs  i n t he  ha nd wa s h ba s i ns  we r e  a l l  i ns t a l l e d. T he  
l ow vol ume  W Cs  us e d r a i n wa t e r  ha r ve s t e d f r om t he  we s t  wi ng r oof  a nd us e d onl y 1.2 l i t r e s  pe r  
f l us h c ompa r e d wi t h a r ound 6 t o 9 l i t r e s  pe r  f l us h i n a  c onve nt i ona l  s ys t e m. T he  ha r ve s t e d r a i n 
wa t e r  i s  s t or e d i n a n unde r gr ound t a nk a nd t r e a t e d pr i or  t o us e .  
In t he  bui l di ng be i ng moni t or e d, t he  wa t e r  c ons umpt i on wa s  pr e di c t e d t o be  a r ound 
1.27m 3 / pe r s on/ ye a r , r e pr e s e nt i ng a  wa t e r  us a ge  of  5.0 l i t r e s / f ul l  t i me  e mpl oye e / da y. It  wa s  a l s o 
pr e di c t e d t ha t  t he  us e  of  ma i ns  wa t e r  f or  f l us hi ng woul d be  vi r t ua l l y e l i mi na t e d ( K i ng 2007) .
Ove r  t he  moni t or i ng pe r i od, t he  a ve r a ge  oc c upa nc y i n t he  bui l di ng wa s  a r ound 100 pe opl e . 
Ba s e d on c ur r e nt  oc c upa nc y, Fi gur e  1 s hows  t he  pr e di c t e d, t ypi c a l  a nd a c t ua l  wa t e r  us a ge  f r om 
M a y 2008 t o M a y 2009. In Fe br ua r y 2009, a  f a ul t  oc c ur r e d i n t he  ha r ve s t e d r a i nwa t e r  t a nk a nd 
t hi s  c a us e d a n i nc r e a s e  i n ma i ns  wa t e r  us e  ove r  a  s hor t  pe r i od of  t i me . Due  t o t he  f a ul t , t he  
ma i ns  wa t e r  da t a  f r om Fe br ua r y 2009 onwa r ds  ha s  be e n e xt r a pol a t e d ba s e d on pr e vi ous  us a ge  
( s e e  ve r t i c a l  da s he d l i ne  a t  01/ 02/ 09 on Fi gur e  1) . 
 
 
Figur e  1 .  Annua l p r e d ic te d ,  typ ic a l a nd  a c tua l wa te r  usa ge  in the  b uild ing.  
 
T he  r e s ul t s  i ndi c a t e  t ha t  t he  a nnua l  a mount  of  ma i ns  wa t e r  us e d i n t he  bui l di ng wa s  onl y 
20%  of  t he  ma i ns  wa t e r  us e d i n a n of f i c e  wi t h a  c onve nt i ona l  f l us hi ng s ys t e m a nd wa s  a r ound 
10%  l e s s  t ha n t he  pr e di c t e d va l ue . No ma i ns  wa t e r  wa s  r e qui r e d t o s uppl e me nt  t he  ha r ve s t e d 
r a i n wa t e r , t he r e f or e  t he  us e  of  ma i ns  wa t e r  f or  f l us hi ng t he  W Cs  wa s  e l i mi na t e d. T he  t ot a l  a n-
nua l  wa t e r  us a ge , f or  bot h ma i ns  wa t e r  c ons umpt i on a nd t he  ha r ve s t e d r a i n wa t e r , wa s  30%  of  
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t he  t ot a l  wa t e r  us e d i n a n of f i c e  wi t h a  c onve nt i ona l  f l us hi ng s ys t e m. T hi s  r e f l e c t s  t he  e f f e c -
t i ve ne s s  t he  l ow vol ume  s ys t e m a nd f i t t i ngs . In s umma r y, t he  wa t e r  us a ge  me t  t he  de s i gn e xpe c -
t a t i ons .  
3.2 Air tightness – comparison between the specified and actual achieved. 
One  of  t he  mos t  e f f e c t i ve  wa ys  t o r e duc e  t he  e ne r gy l os s e s  f r om a  bui l di ng i s  t o mi ni mi ze  a i r  
i nf i l t r a t i on by e ns ur i ng a  we l l  s e a l e d bui l di ng e nve l ope . An a i r  t i ght ne s s  t e s t  i s  a  c ompul s or y 
r e qui r e me nt  on a l l  ne w bui l di ng c ons t r uc t e d i n t he  UK  unde r  Pa r t  L of  i t s  Bui l di ng Re gul a t i ons  
a nd t he  ma xi mum a l l owa bl e  a i r  pe r me a bi l i t y i nde x mus t  be  l e s s  t ha n, or  e qua l  t o 10.0m 3 / h/ m 2 . 
Dur i ng t he  c ommi s s i oni ng s t a ge  of  t he  bui l di ng a n a i r  t i ght ne s s  t e s t  wa s  c a r r i e d out  a c c or di ng 
t o CIBSE T M 23: 2000 a nd BS EN 13829: 2001 whe n t he  a i r  pe r me a bi l i t y i nde x wa s  me a s ur e d 
t o be  3.3 m 3 / h/ m 2  a t  50Pa . T he  a i r  pe r me a bi l i t y of  t he  bui l di ng wa s  onl y 33%  of  i t s  pe r mi t t e d 
ma xi mum va l ue  a nd c om pa r e d we l l  a ga i ns t  i t s  pr e di c t e d a i r  pe r me a bi l i t y i nde x of  5.0 m 3 / h/ m 2 .  
3.3 The low energy lighting system – a comparison between the predicted and actual energy 
performance.  
T he  or i e nt a t i on of  t he  bui l di ng a nd t he  us e  of  a  c e nt r a l  a t r i um a l l owe d t he  bui l di ng t o t a ke  f ul l  
a dva nt a ge  of  a ny a va i l a bl e  na t ur a l  da yl i ght . A l ow e ne r gy l i ght i ng s ys t e m us i ng T 5 l umi na r i e s  
i s  c ont r ol l e d by l i ght  s e ns i t i ve  phot oe l e c t r i c  c e l l s  whi c h di m down t he i r  out put  i n r e s pons e  t o 
a ny na t ur a l  da yl i ght . T he  a r t i f i c i a l  l i ght s  a r e  a l s o c ont r ol l e d by pr e s e nc e  mot i on s e ns or s .  
In a  nor ma l  a i r -c ondi t i one d of f i c e  bui l di ng, t he  a r t i f i c i a l  l i ght i ng t ypi c a l l y a c c ount s  f or  24%  
of  t he  t ot a l  a mount  of  e l e c t r i c a l  c ons umpt i on wi t hi n a  bui l di ng ( Ac t i on Ene r gy 2003) . Dur i ng 
t he  de s i gn s t a ge  of  t he  bui l di ng be i ng moni t or e d a nd ba s e d on f ul l  oc c upa nc y, t he  t ot a l  e l e c t r i c -
a l  de ma nd f or  a l l  t he  a r t i f i c i a l  l i ght i ng wa s  pr e di c t e d t o be  75,266 kW h pe r  a nnum ( i nc l udi ng 
of f i c e , c or r i dor , a t r i um, t oi l e t  a nd a nc i l l a r y f i t t i ngs ) . T he  bui l di ng wa s  onl y pa r t i a l l y oc c upi e d 
a nd i n t he  oc c upi e d zone s , t he  a nnua l  e l e c t r i c a l  c ons umpt i on wa s  pr e di c t e d t o be  29,670 kW h.  
T a bl e  2 c ompa r e s  t he  pr e di c t e d a nd a c t ua l  a nnua l  a mount  of  e l e c t r i c a l  c ons umpt i on of  t he  a r -
t i f i c i a l  l i ght i ng s ys t e m i n t he  va r i ous  oc c upi e d of f i c e  zone s . T he  pr e di c t e d a mount s  we r e  ob-
t a i ne d f r om doc ume nt a t i on s uppl i e d by t he  de s i gn t e a m a nd t he  a c t ua l  e l e c t r i c a l  c ons umpt i on 
wa s  obt a i ne d f r om e ne r gy da t a  me a s ur e d by t he  BM S s ys t e m ove r  a  12 pe r i od. 
It  wa s  f ound t ha t  t he  e l e c t r i c i t y c ons ume d by t he  a r t i f i c i a l  l i ght i ng i n t he  oc c upi e d zone s  a c -
c ount e d f or  onl y 14%  of  t he  t ot a l  e l e c t r i c i t y c ons ume d i n t he  bui l di ng. Howe ve r , a s  pr e vi ous l y 
not e d t he  bui l di ng wa s  onl y pa r t i a l l y oc c upi e d.  
 
 
T a b le  2 .  P r e d ic te d  a nd  a c tua l a nnua l lighting e le c tr ic a l c o nsump tio n.  
Zo ne s T r e a te d  a r e a * ( m 2 )  
P r e d ic te d  a n nua l 
lighting e le c tr ic a l 
c o nsump tio n 
( kW h)  
Ac tua l a nnua l light-
ing e le c tr ic a l c o n-
sump tio n ( kW h)  
% inc r e a se  in a c -
tua l e le c tr ic a l 
c o nsump tio n 
E a st wing 
gr o und  flo o r  6 2 5 . 5 0  7 0 4 5  1 1 6 6 4  6 6  
E a st wing 
1 st  flo o r  6 8 7 . 3 6  5 3 6 9  5 4 4  U no c c up ie d  z o ne  
W e st wing 
gr o und  flo o r  5 0 6 . 1 0  6 9 9 1  1 3 5 6 3  9 4  
W e st wing 
1 st  flo o r  6 0 9 . 3 6  5 6 2 2  2 7 3 0 0  3 8 6  
W e st wing 
2 nd  flo o r  6 0 9 . 3 6  4 6 4 4  8 9 4  U no c c up ie d  z o ne  
T O T AL 3 0 3 7 . 6 8  2 9 6 7 0  5 3 9 6 5  8 2  
N o te :  * a r e a s we r e  c a lc ula te d  fr o m a r c hite c ts d r a wings sup p lie d   
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Fr om T a bl e  2 i t  i s  c l e a r  t ha t  t he  oc c upi e d zone s , whi c h i nc l ude d t he  e a s t  wi ng gr ound f l oor , 
we s t  wi ng gr ound f l oor  a nd 1 s t  f l oor ;  a l l  c ons ume d f a r  mor e  e l e c t r i c i t y t ha n wa s  pr e di c t e d. In 
t he s e  zone s , t he  pe r c e nt a ge  i nc r e a s e  i n t he  a c t ua l  e l e c t r i c a l  c ons umpt i on whe n c ompa r e d t o t he  
pr e di c t e d wa s  66% , 94%  a nd 386%  r e s pe c t i ve l y, wi t h a n ove r a l l  a ve r a ge  i nc r e a s e  of  82% . T he  
e l e c t r i c a l  c ons umpt i on wi t hi n t he  unoc c upi e d of f i c e  zone s  wa s  due  t o t he  a r t i f i c i a l  l i ght s  be i ng 
on dur i ng c l e a ni ng pe r i ods  a nd oc c a s i ona l  us e  of  t he  s pa c e .  
T he  zone  of  mos t  c onc e r n wa s  t he  we s t  wi ng 1 s t  f l oor  a s  t hi s  ha d t he  hi ghe s t  e l e c t r i c a l  c on-
s umpt i on, a nd wa s  onl y pa r t i a l l y oc c upi e d. Ana l ys i s  of  e l e c t r i c a l  c ons umpt i on da t a  r e ve a l e d 
t ha t  i n a l l  t he  oc c upi e d zone s , e xc e pt  t he  we s t  wi ng 1 s t  f l oor , t he  of f i c e  l i ght i ng a ppe a r e d t o be  
a c t i va t e d onl y dur i ng oc c upi e d pe r i ods . In t he  we s t  wi ng 1 s t  f l oor , t he  e l e c t r i c a l  c ons umpt i on 
wa s  muc h hi ghe r  t ha n e xpe c t e d a nd a f t e r  a na l ys i s  of  t he  s ys t e ms  us e  i t  be c a me  a ppa r e nt  t ha t  t he  
mot i on s e ns or s  i n t hi s  a r e a  we r e  not  wor ki ng a s  e xpe c t e d a nd on ma ny oc c a s i ons  t he  a r t i f i c i a l  
l i ght i ng woul d r e ma i ne d on ove r ni ght . Addi t i ona l l y, t he  oc c upa nt  s a t i s f a c t i on s ur ve y a nd f ur -
t he r  di s c us s i ons  r e ve a l e d t ha t  s ome  of  t he  oc c upa nt s  ha d be e n gi ve n ha nd he l d r e mot e  c ont r ol s  
wi t h whi c h t o ove r -r i de  t he  a ut oma t e d l i ght i ng c ont r ol s .  
T he  e xc e s s i ve  e l e c t r i c a l  c ons umpt i on i n t he  t wo gr ound f l oor  wi ngs  wa s  pa r t l y due  t o t he  of -
f i c e  oc c upa nt s  l owe r i ng t he i r  l ouve r e d wi ndow bl i nds  t o ge t  pr i va c y f r om pe opl e  i n t he  a dj a -
c e nt  a t r i um s pa c e . T hi s  e f f e c t i ve l y r e duc e d mos t  of  t he  na t ur a l  da yl i ght  e nt e r i ng t he  of f i c e  
s pa c e  f r om t he  a t r i um a nd ne c e s s i t a t e d t he  pe r ma ne nt  us e  of  a r t i f i c i a l  l i ght i ng. 
4 OCCUPANT  SAT ISFACT ION SURV EY 
4.1 The survey and methodology 
A s uc c e s s f ul  l ow e ne r gy bui l di ng mi ni mi ze s  i t s  e nvi r onme nt a l  i mpa c t  wi t hout  c ompr omi s i ng 
oc c upa nt  c omf or t . A ke y e l e me nt  t he r e f or e , whe n e va l ua t i ng t he  ove r a l l  pe r f or ma nc e  of  a ny 
bui l di ng i s  oc c upa nt  f e e dba c k. Ini t i a l l y i t  wa s  i nt e nde d t o de ve l op ne w que s t i onna i r e  howe ve r  
t o a l l ow c ompa r i s ons  t o be  ma de  wi t h ot he r  bui l di ngs  a nd e xi s t i ng be nc hma r ks , a  we l l  e s t a b-
l i s he d oc c upa nt  s ur ve y wa s  s e l e c t e d ( Bui l di ng Us e  St udi e s  ( BUS)  s ur ve y)  wi t h a ddi t i ona l  que s -
t i ons  be i ng a dde d t o s ui t  t he  bui l di ng be i ng moni t or e d.  
T he  BUS s ur ve y wa s  c ompl e t e d by t he  bui l di ng oc c upa nt s  i n J une  2009 a nd i nc l ude d que s -
t i ons  r e l a t e d t o t e mpe r a t ur e , c omf or t  l e ve l s , noi s e  a nd l i ght i ng s a t i s f a c t i on l e ve l s , a l ong wi t h 
que s t i ons  on he a l t h, pr oduc t i vi t y a nd t r a ve l  t o wor k. M os t  que s t i ons  r e qui r e d a  r e s pons e  on a  7 
poi nt  s c a l e  wi t h ‘ 1’  be i ng uns a t i s f a c t or y a nd ‘ 7’  be i ng s a t i s f a c t or y, wi t h ‘ 4’  be i ng ne ut r a l .  
4.2 Results from survey 
T he r e  we r e  85 oc c upa nt s  i n t he  bui l di ng on t he  da y of  t he  s ur ve y a nd 67%  r e s ponde d. 52%  
we r e  ma l e  a nd 48%  we r e  f e ma l e . 23%  we r e  unde r  30 ye a r s  of  a ge  a nd 58%  ha d wor ke d i n t he  
bui l di ng f or  one  ye a r  or  mor e . T he  r e s ul t s  of  t he  s ur ve y a r e  s hown i n Fi gur e  2. 
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Figur e  2 : B U S sur ve y r e sults,  o ve r a ll va r ia b le s ( B uild ing U se  Stud ie s ( B U S)  2 0 0 9 )  
 
T he  r e s ul t s  of  t he  s ur ve y a r e  s hown on t he  7 poi nt  s c a l e  e i t he r  by a  di a mond s ha pe  ( i ndi c a t -
i ng a  de s i gn f e a t ur e  whi c h f a i l e d t o a c hi e ve  a  c r i t i c a l  a c c e pt a nc e  l e ve l  of  pe r f or ma nc e ) , a  c i r c l e  
( i ndi c a t i ng a  de s i gn f e a t ur e  whi c h a c hi e ve d a  c r i t i c a l  a c c e pt a nc e  l e ve l  of  pe r f or ma nc e )  or  a  
s qua r e  ( i ndi c a t i ng a  r e s ul t  whi c h e xc e e de d a  c r i t i c a l  a c c e pt a nc e  l e ve l  of  pe r f or ma nc e ) .  
T he  bui l di ng i s  a ut oma t i c a l l y c ont r ol l e d by t he  BM S a nd t he  oc c upa nt s  ha ve  l i t t l e  c ont r ol  
ove r  t he  i nt e r na l  e nvi r onme nt  a pa r t  f r om be i ng a bl e  t o ope n wi ndows  a nd c ont r ol  t he  wi ndow 
bl i nds  wi t hi n t he i r  of f i c e  s pa c e .  
T he  ove r a l l  di s s a t i s f a c t i on wi t h t he  ge ne r a l  l a c k of  c ont r ol  ove r  t he  i ndoor  t e mpe r a t ur e  dur -
i ng bot h t he  s umme r  a nd wi nt e r  wa s  e vi de nt  a nd t he  oc c upa nt ’ s  r e s pons e  f e l l  be l ow t he  c r i t i c a l  
r a nge . T he  oc c upa nt s  we r e  not  onl y di s s a t i s f i e d wi t h t he  ove r a l l  t e mpe r a t ur e  c ont r ol  i n bot h t he  
wi nt e r  a nd s umme r  pe r i ods , but  a l s o wi t h t he  va r i a t i ons  a nd s t a bi l i t y of  t he s e  t e mpe r a t ur e s  
whi c h c a us e d s e ve r e  di s c omf or t  i s s ue s  wi t h t he  oc c upa nt s .  
M os t  ot he r  pa r a me t e r s  i nc l udi ng t he  a i r  qua l i t y, l i ght i ng, c omf or t  a nd he a l t h e t c  a l l  f e l l  wi t h-
i n t he  c r i t i c a l  de s i gn r a nge . T he  a r t i f i c i a l  l i ght i ng i n pa r t i c ul a r  a ppe a r e d t o be  not  we l l  r e c e i ve d 
by t he  oc c upa nt s . T he  mor e  pos i t i ve  f i ndi ngs  i nc l ude d t he  de s i gn a nd a e s t he t i c s  wi t hi n t he  
bui l di ng, t he  i ma ge  t he  bui l di ng c onve ys  t o vi s i t or s  a nd t he  l ow noi s e  i nt r us i on f r om out s i de . 
T he  oc c upa nt s  we r e  howe ve r  unha ppy a bout  i nt e r na l  noi s e  t r a ns f e r  a nd pa r t i c ul a r l y t he  poor  
noi s e  c ont r ol  t hr ough t he  of f i c e  pa r t i t i ons . 
By a ddi ng a ddi t i ona l  que s t i ons  t o t he  s ur ve y i t  wa s  pos s i bl e  f or  t he  r e s ponde nt s  t o r e c or d 
a ddi t i ona l  c omme nt s . T he s e  r e ve a l e d pos i t i ve  s uppor t  f or  t he  a mount  of  na t ur a l  da yl i ght  a dmi t -
t e d i nt o s ome  of  t he  of f i c e  s pa c e s  a nd i nt o t he  a t r i um. T he  mor e  ne ga t i ve  c omme nt s  we r e  a bout  
poor  t e mpe r a t ur e  c ont r ol  i n t he  bui l di ng, s me l l s  f r om t he  va c uum f l us h W C’ s , a nnoya nc e s  a s -
s oc i a t e d wi t h t he  a r t i f i c i a l  l i ght s  s wi t c hi ng of f  a f t e r  a  pe r i od wi t hout  move me nt , a r t i f i c i a l  l i ght -
i ng l e ve l s  be i ng t oo l ow a nd poor  c ont r ol  of  t he i r  a ut oma t i c  ‘ di mmi ng down’ . T he  ki t c he n a r e a s  
we r e  a l s o c r i t i c i s e d f or  be i ng t oo s ma l l . 
T he  BUS s umma r y i nde x c a l c ul a t e s  a  r e s ul t  f or  t he  bui l di ng’ s  ove r a l l  pe r f or ma nc e  a nd t hi s  i s  
di s pl a ye d on one  c ommon, nor ma l i ze d s c a l e  i n Fi gur e  3. T he  ove r a l l  r e s ul t  f or  t he  bui l di ng i s  
r e pr e s e nt e d by t he  s ha de d c i r c l e , a nd t he  di a mond, t r i a ngl e  a nd s qua r e  s upe r i mpos e d on t he  
f i gur e  r e pr e s e nt  r e s ul t s  f r om ot he r  s ur ve ys  done  on UK  ‘ gr e e n’  of f i c e  bui l di ngs . W i t hi n t he  e x-
i s t i ng be nc hma r k da t a  s e t  i t  c a n be  s e e n t ha t  t he  r e s ul t  f or  t he  bui l di ng i s  i n t he  57 th  pe r c e nt i l e  
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a nd t he  oc c upa nt  s a t i s f a c t i on r e s ul t  f or  t he  bui l di ng wa s  a ve r a ge  ove r a l l . W he n c ompa r e d t o t he  
ot he r  ‘ gr e e n’  of f i c e  bui l di ngs  s ur ve ye d t he  bui l di ng wa s  t he  wor s t  pe r f or mi ng. 
 
 
 
 
Figur e  3 .  B U S summa r y ind e x.  
5 CONCLUSIONS 
T hi s  pa pe r  ha s  pr e s e nt e d t he  i n-us e  pe r f or ma nc e  of  a  s e l e c t i on of  t he  ‘ gr e e n’  t e c hnol ogi e s  i n-
s t a l l e d i n a  BREEAM  ‘ Exc e l l e nt ’  r a t e d of f i c e  bui l di ng i n t he  UK .  
Some  a s pe c t s  t he  bui l di ng pe r f or me d we l l  s uc h a s  t he  a mount  of  ma i ns  wa t e r  us e d i n t he  
bui l di ng a nd i t s  a c t ua l  pe r f or ma nc e  me t  de s i gn e xpe c t a t i ons . T he  a i r  pe r me a bi l i t y i nde x of  3.3 
m 3 / h/ m 2  e xc e e de d t he  de s i gn s pe c i f i c a t i on of  5.0 m 3 / h/ m 2 a nd wa s  we l l  wi t hi n t he  r e qui r e d UK  
Bui l di ng Re gul a t i on va l ue  of  10.0 m 3 / h/ m 2 .  
Some  a s pe c t s  of  t he  bui l di ng di d not  pe r f or m a s  we l l  a s  e xpe c t e d a nd t he  r e s ul t s  we r e  di s a p-
poi nt i ng . In t he  oc c upi e d zone s , t he  e ne r gy c ons ume d by t he  a r t i f i c i a l  l i ght i ng wa s  f a r  mor e  
t ha n pr e di c t e d a nd f r om t he  oc c upa nt  s a t i s f a c t i on s ur ve y i t  wa s  a ppa r e nt  t ha t  t he  c ont r ol  of  
l i ght i ng l e ve l s  wa s  of t e n uns a t i s f a c t or y. T he  ma j or  f i ndi ng f r om t he  oc c upa nt  s a t i s f a c t i on s ur -
ve y wa s  t ha t  t he  he a t i ng a nd c ool i ng c ont r ol  i n t he  bui l di ng wa s  f a i l i ng t o pr ovi de  c omf or t a bl e  
c ondi t i ons .  
W he n c ompa r e d t o ot he r  bui l di ngs  wi t hi n t he  BUS da t a s e t , t he  ove r a l l  pe r f or ma nc e  of  t he  
bui l di ng wa s  a ve r a ge  a nd t hi s  wa s  a  f ur t he r  di s a ppoi nt me nt  c ons i de r i ng t ha t  t he  bui l di ng wa s  a  
gr e e n bui l di ng wi t h a n Exc e l l e nt  BREEAM  r a t i ng. Addi t i ona l l y, whe n t he  pe r f or ma nc e  of  t he  
bui l di ng wa s  c ompa r e d wi t h t hr e e  ot he r  ‘ gr e e n’  of f i c e  bui l di ngs  i n t he  UK , i t s  pe r f or ma nc e  wa s  
t he  wor s t .  
T he  f i ndi ngs  i n t hi s  wor k s uppor t e d t he  f i ndi ng r e por t e d by ot he r s  i n t ha t  a  BREEAM  ‘ Ex-
c e l l e nt ’  r a t e d bui l di ng doe s n’ t  ne c e s s a r i l y me a n a  gr e e n bui l di ng i n us e . 
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1 INTRODUCTION 
1.1 The Xrobb il- Għaġin Site. 
The Xrobb il-Għaġin Nature Park & Sustainable Development Centre, is located on the Xrobb l-
Għaġin peninsula, situated to the southeast of the island of Malta. The Park covers an area of 
15ha. and is surrounded by agricultural land and the Mediterranean Sea, with the nearest village 
being Marsaxlokk, circa 2.5km to the west. Between 1974 and 1996, the Site was the location of 
a Relay Station of Deutsche Welle–Radio (DW-R), which covered the Near Middle East and 
North African Region for transmissions in different languages. Initially, the station was also 
used by Radio Canada International, and later by Voice of the Mediterranean. The station con-
sisted of a complex of buildings which housed the main activities of the operation and three 
small outbuildings. Following the DW-R’s departure from Malta, the station buildings and the 
surrounding grounds were made available for the Fish Farming Industry, and a company used to 
operate blue-fin tuna farming until 2006.  The site was also used for limited agricultural activi-
ties, hunting and trapping. The existing buildings were left in a state of disrepair (Gauci, 2008). 
1.2 The Nature Park  & Sustainable Development Centre 
The Ministry for Resources and Rural Affairs, with the collaboration of Nature Trust Malta 
(NTM), is transforming the Site into a Nature Park, through a rehabilitation project involving 
the afforestation of the part of the peninsula and the protection of an area of high ecological 
value. The buildings making up the ex-relay station complex are considered to be important ex-
amples of 1960 -70s architecture in Malta, and are being restored, to be used as a Sustainable 
Development Centre. The centre includes offices to be used by NTM who is responsible for the 
implementation of the afforestation project and the overall management of the Site, and the De-
partment of Electrical Power and Control Engineering, Faculty of Engineering, University of 
Malta, who will be conducting research on renewable energy technologies. The complex also 
includes a hostel and will host an education facility in environmental management, including 
ecological rehabilitation, afforestation, and energy conservation.  
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ABSTRACT: The Sustainable Development Centre is located within the Xrobb il-Għaġin Na-
ture Park at Xrobb il-Għaġin in Malta. The scope of the project is to rehabilitate an existing 
complex of buildings used for other functions over the years, and to transform the buildings into 
a Sustainable Development Centre, within the Nature Park to accommodate a new scientific and 
educational facility. The sustainable rehabilitation of the buildings is based on a comprehensive 
approach, addressing the architectural value of the buildings, the functional requirements, struc-
tural interventions and repair of the structures, the conservation of resources, water conserva-
tion, waste water recycling and waste management, services, the inclusion of energy efficiency 
measures and the use of alternative and renewable energy sources. 
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2 THE EXISTING BUILDINGS 
2.1 General 
The station complex was designed by Deutsche Welle Architect Willi Schalenbach. It includes fea-
tures typical of 1960-70s architecture and is considered to be of Architectural value.  Furthermore 
the station buildings represent the regional development in international communications during 
the second half of the 20th century. The objective of the rehabilitation strategy is to restore the 
buildings in the complex, provide for flexibility of the spaces and adapt them to a new function 
through a structured intervention, whilst retaining the architectural integrity.  
 
 
Figure 1. Representation of The Sustainable Development Centre after Rehabilitation. 
2.2 The Existing Structure 
The buildings consist of load-bearing masonry construction. In general, the buildings rest on re-
inforced concrete foundations with reinforced concrete ground slabs. Walls consist of globig-
erina limestone blocks. Various structural roofing systems were identified, and include mainly 
two typologies; reinforced concrete cast in situ slabs; and composite slabs consisting of  precast 
pre-stressed concrete inverted T beams, with concrete blocks supported between them, and with 
overlying cast in place structural concrete. Different varieties of roof slabs were identified in the 
existing structures, namely slabs with a single or with a double beam system. Other reinforced 
concrete elements include the cantilever slabs and shading devices, the cornice and architectural 
features including the roof water drain details. 
 
 
 
Figure 2. Existing deteriorated structure & reinforced concrete elements on façade prior to repair. 
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3 REHABILITATION STRATEGY 
3.1 General 
The Sustainable Rehabilitation strategy is based on a comprehensive approach, addressing the 
architectural integrity of the buildings, new functional requirements, structural interventions & 
repair, resource conservation, waste management, services, energy efficiency and renewable en-
ergy sources. The strategy also required the consideration of planning issues, accessibility and 
landscaping schemes. The project can be considered to be one of the first conservation interven-
tions on the 20th century architectural heritage in Malta. The rehabilitation of an existing build-
ing rather than reconstruction resulted in a larger challenge, in the adaptation of existing spaces 
for the new uses. In addition the project requires longer timeframes for completion, and particu-
lar skills in specific operations including dismantling and repair. The rehabilitation strategy also 
allowed for conservation of resources and reduction in waste generated. The investigation & de-
sign were carried out during 2006 & 2007, and rehabilitation works started in 2008. 
3.2 Structural Assessment Methodology 
The scope of the assessment was to investigate the buildings, and structural elements, and to as-
sess the state of the structure and defects. The investigation was based on a detailed inspection 
of the buildings and elements, following a structured survey, including detailed visual investiga-
tion records; photographic survey records, records and assessment of the structural systems and 
structural element typologies, and records and assessment of defects. All the data was mapped 
out on detailed drawings and re-verified. The defects were classified with respect to type, loca-
tion, extent and materials. A testing plan for materials and structure was prepared on the basis of 
the investigation carried out. The data of the investigation was used in order to identify and un-
derstand the actions on the structures, the failure mechanisms, and causes of deterioration (Borg, 
2008). 
3.3 Structural Defects & Material Properties. 
Various defects were recorded in the existing buildings. All the services were non-functional 
and a new services network was required for the new functional requirements of the buildings. The 
finishes were in a bad state of repair, and most apertures were missing or damaged.  
A number of defects were also noted in the structural elements, with the partial collapse of 
roof structural elements recorded. The main defects in reinforced concrete elements were 
cracked concrete, reinforcement corrosion and concrete spalling. In various instances, this re-
sulted in detached concrete and exposed excessively corroded reinforcement and loss of ele-
ments and architectural features including the cornice and cantilevers on the façade. Specific 
roof structures were excessively deflected, in view of past actions on the roofs.  Defects in the 
roof system included longitudinal cracks along the beam elements of the slabs, and defects and 
cracks in the concrete blockwork supported between beams in the roof slabs. Various defects 
were also noted in masonry wall structures namely hairline cracks and local defects in stone, 
due to impact and misuse, and defects as a result of inadequate interventions during past altera-
tions to the buildings. Loss of finish and mortar on exposed surfaces was also recorded.  
The investigation carried out included the testing of concrete. Concrete cores were extracted 
from various parts of the structure & different structural elements including beams and slab 
elements, following a plan. The concrete core strength, the concrete density, and the depth of 
carbonation were determined in the experimental investigation. Furthermore the investigation 
provided information on the roof structure and finishes. The compressive strength of cores ex-
tracted from the slab at ground floor varied between 23.5N/mm2 and 28.5N/mm2. The compres-
sive strength of beam elements at roof level, varied from 20.5N/mm2 to 24.5N/mm2. However 
values of 15.5N/mm2  (reinforced concrete element), and 10N/mm2 (structural cast in place con-
crete over precast beams slab roof system) were also recorded. The depth of carbonation of the 
concrete in the cores varied between 25mm and 50mm. The cover to reinforcement was noted to 
vary, and in some case was less than 25mm. 
Chapter 6: Case-studies
693
3.4 Repair & Rehabilitation 
In the appraisal of the existing structure, various aspects were taken into account including; the 
age of the structure, exposure of the building to an aggressive environment and proximity to the 
sea, deficiencies in materials used, defects in detailing, defects associated with workmanship, 
lack of maintenance of the structure and previous inadequate uses of the building, and actions 
which were not in line with the intended use. Therefore the scope of rehabilitation was to ad-
dress the structural performance and structural integrity and also the durability of materials. 
In specific cases, the intervention required the re-introduction of elements which were miss-
ing due to deterioration or past interventions. In various instances, it was required to replace 
elements which were excessively damaged and beyond repair particularly where repair was not 
possible due to the inferior quality of materials, inadequate details, or where repair was not fea-
sible. The latter case refers also to the cantilever elements, various architectural reinforced con-
crete features on the facades and on the external envelope, and roof structures. Precast 
Prestressed hollow concrete slabs, together with cast in place reinforced concrete slabs in spe-
cific areas, were adopted to replace the deteriorated roof structure. Specific reinforced concrete 
elements required repair using appropriate materials and techniques, in particular patch repair. 
The extent of such repair depended on the state of these elements. 
In the case of masonry elements, various parts of walls have been reconstructed and/or re-
paired. Stone masonry blockwork was used in all external areas to ensure the architectural integ-
rity of the buildings. Concrete masonry blockwork was used in specific internal partitions and 
walls. Adequate pointing and rendering of walls is implemented through the application and use 
of the adequate materials, taking into consideration also the site exposure.  
Various measures were proposed to ensure quality in the rehabilitation of the buildings, dur-
ing the Design Phase, the Construction Phase, and also the Service Phase. A grade C35/45 con-
crete was adopted for the reconstructed reinforced concrete elements. An exposure class of XS-
1 (EN 206-1, 2000) was considered in structural engineering design, referring to corrosion in-
duced by chlorides from sea water; concrete exposure to airborne salts but not in direct contact 
with sea water. Particular attention was given to details including adequate concrete cover and 
waterproofing. A quality assessment plan was implemented and a site management team was re-
sponsible for operations, execution of works, and for ensuring good workmanship including 
adequate compaction of concrete and concrete curing.  The buildings shall be used within the 
limitations set in the design brief, including design loads and other set criteria. A maintenance 
plan and inspection strategy have been proposed, and will be implemented. 
4 WASTE MANAGEMENT & RESOURCE CONSERVATION 
4.1 General 
The repair of the existing buildings through a sustainable rehabilitation strategy, was consid-
ered, as against demolition and reconstruction. The objective was to adapt an existing building, 
to accommodate a new function. Rehabilitation as against reconstruction, addresses both the 
conservation of resources, and the reduction of Construction & Demolition waste.   
4.2 Construction & Demolition Waste 
The rehabilitation of the buildings required the replacement of various structural elements. 
However the minimum possible elements from the existing structure where replaced, whilst it 
was ensured that the repaired and rehabilitated buildings could reach the required functional and 
performance levels. This approach led to a reduction in the waste generated during rehabilita-
tion. The waste generated during the repair and rehabilitation, was also considered for reuse and 
recycling. During rehabilitation it was necessary to dismantle the elements and part of the struc-
ture to be replaced, rather than demolition, particularly in order to safeguard the existing struc-
ture and elements which were retained. This methodology based on a different approach from 
demolition, supported further the reuse and recycling of waste generated from the rehabilitation 
of the buildings.  
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Figure 3. Dismantling and waste classification: RC roof elements and wall masonry elements. 
 
The reuse and recycling required the separation and classification of the waste materials.  The 
waste materials generated were identified and quantified and the methodology adopted followed 
the Waste Management Plan.  The stone masonry blockwork was dismantled and stacked in a 
storage area on site. They were classified into two main groups; those suitable for reuse in sec-
ondary construction, and waste blockwork to be recycled for production of crushed stone for 
screed and other uses. The reinforced concrete elements were classified on site into two groups; 
concrete elements and reinforced concrete beams and slabs. These were transported for recy-
cling. The reinforced concrete elements required the separation of the steel from the concrete for 
recycling, and concrete was crushed for the production of recycled concrete aggregate. 
4.3 Water Management and Waste Water Recycling 
The rain water and surface water runoff in the site will be collected in the existing water cul-
verts and, and stored in the large water reservoir which will be repaired. The water will also be 
collected from all the roofs of the buildings. The rain water will be used as secondary water in 
the buildings and for irrigation purposes in the afforestation scheme. The new buildings will in-
corporate water saving features and accessories in the bathrooms. 
The waste water generated in the complex, will be treated in a biological sewage treatment 
plant, built within the site. The expected daily maximum flow amounts to 10m3/day. The sew-
age treatment plant will be installed below ground, and consists of different zones made up of 
glass reinforced polyester tanks. The treated effluent will be of the recommended quality for ir-
rigation in the landscaping scheme and afforestation project.  
5 ENERGY EFFICIENCY 
5.1 General 
The scope of the energy efficiency measures in the project, is to reduce the energy consumption 
within the buildings, to minimize internal cooling and heating loads and to maintain thermal 
comfort. The aim of the rehabilitation strategy is to exploit the features already existing on site 
and in the buildings, and introduce additional measures for improved energy efficiency.  The 
various measures adopted can lead to satisfactory indoor comfort levels which can be achieved 
without the use of power consuming equipment. 
5.2 Thermal Efficiency 
The Thermal efficiency of the buildings depends largely on the building envelope i.e. the walls 
and roof elements. The external walls of the buildings are approximately 510mm thick and con-
sist of two skin masonry construction each having a thickness of 230mm with a 50mm air space.  
The U-value of the walls is lower than that recommended for Malta.  
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Insulation will be introduced in roofs to reduce thermal losses; the expanded polystyrene in-
sulation has low heat transfer characteristics and is lightweight.  The use of reflective coating on 
the roof is also considered. A weather resistive barrier will be installed to maintain the R value, 
and to prevent air and moisture movement into and out of the conditioned space.  
5.3 Shading Devices, Apertures & Natural Lighting. 
The reinforced concrete cantilever structures, particularly along the south east and south west 
facades of the main building, are an important characteristic of the building. These elements 
provide effective external shading to windows, eliminating direct solar radiation particularly 
during the summer season. The building’s roof shall also benefit from the shading provided by 
the photovoltaic and solar water heater roof installations thus reducing the roof’s thermal gain. 
Windows provide less resistance to heat flow than walls, roofs and floors. Double glazing 
will be used for all apertures in the buildings, to reduce the transmission of heat. The frame 
aluminium profile is specified to be sealed and air-tight. In addition, the use of louvers on the 
external face of the apertures allows for air movement and ventilation. The shutters are also de-
signed to provide visual privacy and security.  
Large openings provide for adequate natural day lighting in the main spaces & reduce the 
need of artificial lighting in buildings. Sun-pipes will be installed in specific spaces, to improve 
on the natural light from windows, and in the corridors & spaces were no windows are present. 
Light coloured finishes are to be used on roofs and external walls to reflect radiation. The inter-
nal spaces are to be finished in light colours to reflect maximum natural light in interiors.   
5.4 Ventilation, Site Conditions, and Buildings Configuration 
Cooling in summer is to be promoted through adequate cross ventilation within the buildings, 
achieved through the large openings, and the high level apertures in specific spaces. Sea breezes 
can be exploited in view of the disposition of the buildings on the promontory and their loca-
tion.  Furthermore the main building is elevated above ground level by c. 850mm. This im-
proves further natural ventilation. Ventilated ground slabs will be installed in specific areas.  
The trees and shrubs surrounding the buildings also act as windbreakers. The landform and 
vegetative cover influence the amount of reflected solar radiation. The discomfort caused by  
glare is reduced. Soil, trees and shrubs have the lowest reflection values and trees provide shade 
and shaded ground area around the buildings.   
6 INTELLIGENT USE OF ENERGY AND RENEWABLE ENERGY SOURCES (RES) 
6.1 General 
At the design stage of the electrical and energy systems of this project, three types of com-
mercially available RES technologies were considered.  These were: photovoltaic (p.v.) electric-
ity generation, wind electricity generation and solar water heating.  Furthermore, the electrical 
system was designed to keep the use of electrical energy at a minimum.   
6.2 PV and Wind Energy 
An electrical set-up was designed to cater for the grid connection of both p.v. and wind energy 
sources.  For the p.v. systems, the dc current produced by the photovoltaic panels shall be trans-
formed via inverters into a single phase a.c. voltage to allow power to flow from the panel’s d.c. 
voltage into the electricity supply.  In the case of the micro-wind turbines, wind generator’s out-
put initially undergoes rectification and then conversion to a.c. voltage by means of an inverter 
similar to that used by p.v. systems.   
A data-logging system shall be used to monitor and log various related environmental pa-
rameters & the performance of the p.v. & wind systems. The p.v. system was designed to have 
three types of p.v. technologies, mono-crystalline, poly-crystalline and thin-film.   
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The aim of having three different p.v. technologies installed under identical conditions was to 
be able to log the ‘actual’ generation performance of each technology over a number of years.  
Like this a ‘practical’ study of which technology is most suited to the Maltese Islands can be 
done.  As concerns the micro-wind turbines, two technologies shall be installed: a vertical axis 
turbine and a horizontal axis turbine.  It is well know that the latter technology is the more effi-
cient, however it was decided to have a mix of turbine designs so as to expose the general public 
to both types of technologies and their suitability to the natural and the built environment.  In 
this case the wind turbines will be installed in the same area and will be exposed to the same 
conditions and wind resource.  Direct comparison between the performance of each turbine will 
thus be possible.  
The p.v. and wind system of inverters is shown in Figure 4 and was designed to allow electri-
cal energy generation in grid connection mode and in ‘controlled’ stand-alone mode.  In the 
case of electrical grid failure, this systems makes it possible to power the building to a limited 
extent as long as the p.v. and wind are still generating electricity.  Once installed the stand-alone 
inverter shall be programmed with a load shedding program so as to provide electricity only to 
the building’s high priority loads (e.g. fridges and selected lighting).  The building shall also 
host a system of solar water heaters (SWH) designed to provide the hot water supply of the 
showers/toilets with little demand on the electricity supply. 
6.3 Efficient Use of Electrical Energy 
The most responsible attitude towards the usage of energy is to reduce inefficiencies as much 
as possible and take corrective action in situations where there is energy wastage.  Since the 
project of Xrobb l-Għaġin allowed for the redesign of some of the electrical and mechanical 
systems, this gave the opportunity to design for the most efficient use of energy.  Electrical en-
ergy is mainly used for heating/cooling, lighting and power.  It is planned that the building shall 
not make use of electrical air-conditioning but shall rely solely on natural ventilation and proper 
insulation.  Further, energy saving lighting technologies shall be used wherever possible, and 
motion sensors shall be installed in common areas to turn on the lighting only when necessary.  
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Figure 4. The Connected Grid and Standby RES System. 
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6.4 CO2 Reductions from RES Systems 
The annual energy generation by the photovoltaic (p.v.) sources (SMA) and the wind sources 
(Gipe, 2004) was estimated.  Furthermore the energy saved by using solar water heating rather 
than electrical heating is shown in Table 1.  Apart from reducing the electrical energy consump-
tion, the Renewable Energy Sources shall also contribute to the reduction of CO2 emissions as 
indicated in Table 1. (During 2006, it was reported that 0.8782kg of CO2 were emitted for every 
kWh generated (Enemalta)). 
 
Table 1. Annual kWh savings and reductions of CO2 emissions. _______________________________________________________________________ 
RES Technology Annual Savings    Annual Reduction of CO2        ________________    _________________________  
       kWh        Tonnes _______________________________________________________________________ 
PV System    23500       20.5 
Wind System   16000       14.0 
SWH System   20075       17.5 _______________________________________________________________________ 
7 CONCLUSIONS 
The Sustainable Development Centre, within the Xrobb il-Għaġin Nature Park in Malta, is the 
first centre of its kind in the Maltese Islands, with the scope of addressing environmental man-
agement, ecological rehabilitation, afforestation, and energy conservation.  
The Sustainable Rehabilitation strategy adopted is based on a comprehensive approach, ad-
dressed various fundamental principles, including the architectural heritage, functional require-
ments, structural interventions and repair of the structures, conservation of resources, water con-
servation and waste water recycling,  waste management, services, energy efficiency in 
buildings, and alternative and renewable energy sources.   
The strategy that is implemented is required to transform the existing buildings, into a func-
tional and energy efficient Sustainable Development Centre, promoting environment and sci-
ence education. 
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1 INT RODUCT ION 
De c ons t r uc t i on i s  a n e nd-of -l i f e  bui l di ng pr oc e s s  t ha t  i s  gr a dua l l y ga i ni ng we i ght  i n t he  de mol i -
t i on ma r ke t , not  onl y f or  e nvi r onme nt a l  r e a s ons  ( ma t e r i a l  r e c ove r y, r e us e , r e c yc l i ng) , but  a l s o 
( a nd f r om a  pur e  ma r ke t  s t a ndpoi nt , e s s e nt i a l l y)  f or  e c onomi c a l  one s . In Por t uga l , t he  mos t  r e -
c e nt  l e ga l  s t a nda r d r e l a t i ve  t o Cons t r uc t i on a nd De mol i t i on W a s t e  ( CDW ) , La w-De c r e e  
46/ 2008 ( 2008) , r e f e r s  t o t he  c ompul s or y s i t e  wa s t e  s e pa r a t i on or , whe n t hi s  i s  not  pos s i bl e , t he  
wa s t e  r out e  t o a  l i c e ns e d wa s t e  ope r a t or , e qui ppe d t o c onduc t  t he  s e pa r a t i on a c t i vi t y. Si nc e  t he  
wa s t e  ope r a t or s  s e r vi c e  ma r ke t  pr i c e s  a r e  wi de l y de pe nde nt  on i nput  a ggr e ga t e  pur i t y, i t  be -
c ome s  a t t r a c t i ve  t o de l i ve r  pr e vi ous l y s e pa r a t e d CDW  t o t he  c e nt r a l  wa s t e  ope r a t or  ( wi t h a s  f e w 
c ont a mi na nt s  a s  pos s i bl e ) , whi c h a c t s  a s  a n i nc e nt i ve  f or  s e l e c t i ve  de mol i t i on. In Por t uga l  ( e x-
c l udi ng i s l a nds ) , wa s t e  ope r a t or  c e nt r a l  t i ppi ng f e e s  va r y be t we e n 5.5 a nd 129 €/ t on ( da t a  f r om 
s ome  ope r a t i ng c e nt r a l s ) , f or  c l e a n/ pur e  a ggr e ga t e s  ( unc ont a mi na t e d c e r a mi c s )  a nd mi xe d 
CDW  ( not  ne c e s s a r i l y wi t h ha za r dous  s ubs t a nc e s )  wi t h gl oba l  de ns i t i e s  be l ow 200 kg/ m 3 . 
Some  r e s e a r c h wor k ha s  be e n c onduc t e d i n t he  pa s t  f e w ye a r s  i n Por t uga l  ( Lour e nç o 2007, 
Sous a  e t  a l . 2004, Sa nt os  & Br i t o 2007) , f oc us e d on t he  ge ne r a l  s e l e c t i ve  de mol i t i on a r e a , a s  
we l l  a s  t he  ma r ke t  e s t a bl i s hme nt  of  s ome  c ompa ni e s  whi c h a ppl y de c ons t r uc t i ve  t e c hni que s  up 
t o s ome  de gr e e . T hi s  l a s t  r e a l i t y s hows  t ha t  t he r e  a r e  e c onomi c a l  c ondi t i ons  i n Por t uga l  t o i m-
pl e me nt  s e l e c t i ve  de mol i t i on, whi c h doe s  not  ne c e s s a r i l y me a n f ul l  ma t e r i a l  r e c yc l i ng or  i t s  r e -
us e , wi t hi n ne w c ons t r uc t i on pr oj e c t s  i n t he  s a me  s i t e  or  i n di f f e r e nt  one s . Int e r na t i ona l l y, a  
wi de  r a nge  of  r e s e a r c h s t udi e s  ha ve  be e n c onduc t e d on de c ons t r uc t i on a nd i t s  t e c hni c a l , e c o-
nomi c a l  a nd e nvi r onme nt a l  i mpl i c a t i ons  ( Da nt a na  e t  a l . 2005, Guy 2003, Guy 2005, Cons t r uc -
t i on T e c hnol ogy Ins t i t ut e  of  Ca t a l oni a  a nd Gove r nme nt  of  Ca t a l oni a  1995, Envi r onme nt a l  Pr o-
t e c t i on Age nc y 2008, Al a me da  Count y W a s t e  M a na ge me nt  Aut hor i t y 2009, Rous s a t  e t  a l . 
2009) , a l t hough i t  i s  qui t e  c l e a r  t ha t , ge ne r a l l y, i t  i s  s t i l l  a n unc ons ol i da t e d i de a  i n t he  de mol i -
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ABST RACT :  Se l e c t i ve  de mol i t i on ( s ome t i me s  c a l l e d de c ons t r uc t i on)  ha s  be e n s t udi e d i n t he  
pa s t  f e w ye a r s , l e a di ng t o r e l i a bl e  e c onomi c , ma t e r i a l  a nd e nvi r onme nt a l  i nf or ma t i on. Howe ve r , 
e s pe c i a l l y i n e c onomi c  t e r ms , c onc l us i ons  va r y wi de l y be t we e n r e gi ons , s i nc e  e c onomi c  
c ondi t i ons  r e l a t e d t o ma n l a bour , t i ppi ng f e e s  a nd/ or  ma r ke t  pr i c e s  f or  r e c ove r e d ma t e r i a l s  a r e  
s t r ongl y de pe nde nt  on t he  l oc a t i on. In a  f r e e  ma r ke t  s i t ua t i on, t he  opt i on be t we e n t r a di c i ona l  
a nd s e l e c t i ve  de mol i t i on wi l l  e s s e nt i a l l y be  a n e c onomi c  one , c ons i de r i ng t he  f i na nc i a l  a nd 
r e gul a t or y c ons t r a i nt s  a pl l i c a bl e  i n a  c e r t a i n r e gi on. T he r e f or e , t he  pr e s e nt  s t udy i s  f oc us e d on 
t he  e c onomi c  e va l ua t i on of  bot h de mol i t i on t ype s , wi t hi n t he  f r a me wor k of  a  pa r t i c ul a r  c a s e  
s t udy l oc a t e d i n Por t uga l . Se ve r a l  s c e na r i os  a r e  e va l ua t e d, ba s e d on pos s i bl e  wa s t e  ma na ge me nt  
opt i ons  f or  t ha t  pa r t i c ul a r  c a s e  s t udy, s ome  of  whi c h r e s ul t  i n l owe r  gl oba l  c os t s  f or  s e l e c t i ve  
de mol i t i on, whe n c ompa r e d wi t h t r a di c i ona l  de mol i t i on. 
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t i on ma r ke t , wi t h que s t i ona bl e  e c onomi c a l  a t t r a c t i ve ne s s  ( i n ma ny c a s e s )  a nd, a bove  a l l , f e w 
pr a c t i c a l  de mons t r a t i ons . 
If , f r om a n e c onomi c a l  s t a ndpoi nt , s e l e c t i ve  de mol i t i on vi a bi l i t y ( wi t h i t s  de c r e a s e  i n ma t e -
r i a l  qua nt i t y s e nt  t o l a ndf i l l )  va r i e s  c ons i de r a bl y wi t h l oc a l  c ondi t i ons , r e s ul t i ng i n vi a bl e  or  
non-vi a bl e  pr oj e c t s  ( Lour e nç o 2007, Da nt a na  e t  a l . 2005, Guy 2005, Envi r onme nt a l  Pr ot e c t i on 
Age nc y 2008, CIB Re por t  2005, Ne w Yor k W a s t e  M a t c h 2004) , e nvi r onme nt a l l y s pe a ki ng 
t he r e  s e e m t o be  c l e a r  be ne f i t s  i n us i ng t hi s  ki nd of  a ppr oa c h t o de mol i t i on ( Al am eda C ount y 
W as t e M anagem ent  Aut hori t y 2009, R ous s at  et  al . 2009 ) , ma i nl y due  t o t he  r e l a t i ve l y 
s t r a i ght f or wa r d r e duc t i on i n ma t e r i a l  ma s s  s e nt  t o l a ndf i l l . Ge ne r a l l y, t he  l oc a l  c ondi t i ons  t ha t  
mos t  a f f e c t  t he  de c ons t r uc t i on e c onomi c a l  vi a bi l i t y a r e  l a bour  c os t , t i ppi ng f e e  va l ue  a nd ma r -
ke t  pr i c e s  f or  s e l l i ng r e c ove r e d ma t e r i a l s . 
Fr om a  t e c hni c a l  s t a ndpoi nt , on t he  ot he r  ha nd, t he r e  a r e  ma ny a va i l a bl e  de c ons t r uc t i on op-
t i ons , de pe ndi ng, f or  i ns t a nc e , on t he  c ons t r uc t i on t ype  ( whi c h i s  c l os e l y r e l a t e d t o bui l di ng 
a ge ) , a va i l a bl e  wor k f or c e , us e d me c ha ni c a l  e qui pme nt  or  t ool s  a nd t i me  c ons t r a i nt s  a ppl i c a bl e  
t o e a c h c a s e  ( Guy 2003, C ons t ruct i on Technol ogy Ins t i t ut e of C at al oni a and Governm ent  
of C at al oni a 1995, C IB R eport  2005 ) . T he s e  t e c hni c a l  opt i ons  a f f e c t , c ons e que nt l y, t he  
qua nt i t y of  r e c ov e r e d ma t e r i a l s  r e c yc l e d/ r e us e d/ i nc i ne r a t e d, a s  we l l  a s  t he  e c onomi c a l  pe r f or m-
a nc e  of  t he  whol e  ope r a t i on. Apa r t  f r om ot he r  i mpor t a nt  a s pe c t s  r e l a t e d wi t h de c ons t r uc t i on a c -
t i vi t i e s , a s  s e c ur i t y c onc e r ns , t i me  c ons t r a i nt s  a r e  us ua l l y a  ma i n i s s ue  t o owne r s  a nd c ont r a c -
t or s , be i ng ma ny t i me s  vi e we d a s  a  ba r r i e r  t o t he  i mpl e me nt a t i on of  t he  de c ons t r uc t i on 
a ppr oa c h. 
2 CASE ST UDY DESCRIPT ION 
 
T he  c a s e  s t udy r e f e r s  t o a n ur ba n r e ne wa l  pr oj e c t  na me d Ca c é m Pol i s  ( Pha s e  2) , l oc a t e d wi t hi n 
Li s bon out s ki r t s . It  ha s  i nvol ve d t he  r e mova l  of  s e ve r a l  t ownhous e s  bui l t  be t we e n 1900 a nd 
1945, of  l ow t o a ve r a ge  bui l di ng qua l i t y, i n a n a ve r a ge  of  a bout  100 m 2  pe r  hous e , wi t hi n a  t ot a l  
of  13.430 m 2  of  r e move d gr os s  f l oor  a r e a . T he  de mol i t i on/ de c ons t r uc t i on a c t i vi t i e s  we r e  c on-
duc t e d by a  s pe c i a l i ze d c ompa ny, we l l  f a mi l i a r  wi t h s uc h ope r a t i ons . Howe ve r , t o opt i mi ze  
c os t s , t he  c hos e n r e mova l  me t hod wa s  a  mi xe d one , i nc l udi ng a n i ni t i a l  s of t  s t r i ppi ng a c t i vi t y, 
f ol l owe d by a  t r a di t i ona l  de mol i t i on of  t he  r e ma i ni ng ma t e r i a l s , ove r  whi c h ( a l r e a dy a t  gr ound 
l e ve l , wor ki ng a r ound t he  r e s ul t i ng mi xe d pi l e )  s ome  va l ua bl e  i t e ms  we r e  r e c ove r e d, ma i nl y 
wood a nd me t a l l i c  ( i r on a nd s t e e l )  e l e me nt s . Sof t  s t r i ppi ng r e f e r s  t o t he  s e l e c t i ve  r e c ove r i ng of  
r e mova bl e  e l e me nt s  a nd s ur f a c e  ma t e r i a l s  s uc h a s  f l oor  c ove r i ngs , c e i l i ng pl a s t e r , wood s ur -
f a c e s , door s , wi ndows , f ur ni t ur e , ba t hr oom f i xt ur e s  a nd woode n s t a i r s . 
T he  r e s ul t i ng ma s s , c ompos e d mos t l y by s t one , c e r a mi c  a nd c onc r e t e  bl oc ks , s hi ngl e s , mi xe d 
wi t h s ma l l  a nd pi e c e s  of  ot he r  ma t e r i a l s  ( e l e me nt s  l i ke  pl umbi ng ( mos t l y c e r a mi c  a nd l e a d)  a nd 
e l e c t r i c a l  wi r i ng ( mos t l y pl a s t i c  a nd c oppe r ) ) , wa s  t he n t r a ns por t e d t o a  de di c a t e d l a ndf i l l , 
whe r e  a  s i mpl e  c r us hi ng a c t i vi t y wa s  pe r f or me d. Al l  ot he r  ma t e r i a l s  ( r e c ove r e d f r om t he  s of t  
s t r i ppi ng a nd pi l e  s c a ve ngi ng a c t i vi t i e s )  we r e  s e pa r a t e d a nd s e nt  t o r e c yc l i ng ope r a t or s . T he  
wor k wa s  c onduc t e d i n a  t r a di t i ona l  de mol i t i on l a bour  hi e r a r c hy, wi t h r e gul a r  non-s pe c i a l i ze d 
wor ke r s  t o pe r f or m t he  s t r i ppi ng a nd t he  s c a ve ngi ng, e qui pme nt  ope r a t or s  t o ma noe uvr e  t he  e x-
c a va t or  a nd t he  l oa de r s  a nd s upe r vi s or s  t o a ddr e s s  t he  t e c hni c a l  a nd s e c ur i t y ove r vi e w of  t he  
wor ks . As  f a r  a s  t hi s  pa pe r  i s  c onc e r ne d, t he  t e r ms  s e l e c t i ve  de mol i t i on a nd de c ons t r uc t i on wi l l  
be  us e d a l t e r na t i ve l y, a s  e qui va l e nt  de nomi na t i ons . 
3 DECONST RUCT ION T IM E FRAM E CALCULAT ION 
 
T he  t i me  f r a me  of  t he  c a s e  s t udy ope r a t i ons  wa s  c a l c ul a t e d f or  a  100 m 2  hous e  s ur f a c e  uni t , 
ba s e d on t he  a va i l a bl e  wor k f or c e  a nd t he  wor k pr oduc t i vi t y da t a  s uppl i e d by t he  c ont r a c t or . 
T he  c a l c ul a t i on wa s  c onduc t e d us i ng a  s t a nda r d ope r a t i on s c he dul i ng c omput e r  pr ogr a m, us i ng 
t he  s uppl i e d da t a  ( t ot a l  ope r a t i ona l  c os t s  we r e  a l s o c a l c ul a t e d us i ng t hi s  s of t wa r e  t ool ) . Fi gur e  1 
s hows  a  s a mpl e  i ma ge  of  t he  s c he dul e d a c t i vi t i e s  t ha t  r e s ul t e d i n a  t ot a l  dur a t i on of  6.5 da ys . T o 
de mol i s h ( i n t he  t r a di t i ona l  wa y)  t he  s a me  bui l t  a r e a , onl y one  da y woul d be  ne c e s s a r y, whi c h 
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ma t c he s  t he  dur a t i on s uppl i e d by t he  c ont r a c t or , whe n que s t i one d a bout  a n e qui va l e nt  t r a di -
t i ona l  de mol i t i on f or  t hi s  c a s e . 
Ta bl e s  1 a nd 2 s how t he  c a l c ul a t i ons  a nd i nput  da t a  us e d f or  t he  e s t i ma t i on, f or  whi c h t he  
f ol l owi ng not e s  appl y. 
 
D e c ons t r uc t i on 
− Ca r pe t  r e mova l  a ppl i e s  onl y t o f l oor s  a nd a s s ume s  a  40%  s ur f a c e  c ove r a ge ;  
− Pl a s t e r  r e mova l  r e f e r s  onl y t o c e i l i ng a r e a , a s s umi ng a  100%  s ur f a c e  c ove r a ge ;  
− Cor k r e mova l  r e f e r s  onl y t o f l oor  a r e a  a nd a s s ume s  a  15%  s ur f a c e  c ove r a ge ;  
− W i ndow r e mova l  i mpl i e s  s e pa r a t i on of  gl a s s ;  
− Ce i l i ng r e mova l  c ons i s t s  i n c ut t i ng woode n j oi s t s ;  
− T r a di t i ona l  de mol i t i on r e f e r s  t o t he  f ol l owi ng e l e me nt s :  
− W oode n a nd ma s onr y wa l l s ;  
− Conc r e t e , s t one  ( c ove r i ng)  or  woode n f l oor s ;  
− Roof s  ( wood e l e me nt s  a nd s hi ngl e s ) ;  
− W a t e r  s uppl y/ dr a i na ge  s ys t e m ( c e r a mi c  a nd l e a d) . 
− T r a di t i ona l  de mol i t i on pha s e  i n de c ons t r uc t i on i s  s e t  by:  
− Ave r a ge  de mol i t i on t i me  ( one  s t a nda r d 100m 2  hous e )  - 1 h;  
− W or ke r s  i nvol v e d - 5 ( 1 e xc a va t or  ope r a t or , 1 l oa de r  ope r a t or  ( t o s we e p t he  r e c ove r a bl e  
wood a nd me t a l ) , 1 hos e  ope r a t or  ( t o humi di f y t he  de mol i t i on l oc a t i on, l owe r i ng dus t  e mi s -
s i ons )  a nd 2 wor ke r s  f or  r e c ove r i ng wood a nd me t a l  pi e c e s  f r om t he  l a r ge  pi l e . 
− Pos t  s e pa r a t i on of  e l e me nt s :  i mpl i e s  t he  s a me  ma n l a bour  a s  i n s t e p 7. 
− Cl e a ni ng a nd t r a ns por t :  wor ke r s  i nvol ve d - 5 ( 1 e xc a va t or  ope r a t or  ( t o f ur t he r  br e a k de mol -
i s he d pi e c e s  a nd t o l oa d mi xe d ma t e r i a l s  i n t r uc ks ) , 1 l oa de r  ope r a t or  ( t o de pos i t  s e pa r a t e d 
a nd mi xe d ma t e r i a l s  i n t he  c or r e s pondi ng t r uc ks ) , 1 t r uc k dr i ve r  ( a s s umi ng s uc c e s s i ve  t r uc k 
j our ne ys )  a nd 2 wor ke r s  f or  r e c ove r i ng wood a nd me t a l  pi e c e s  f r om t he  l a r ge  pi l e . 
 
De mol i t i on 
− De mol i t i on pha s e  i s  s e t  by:  
− Ave r a ge  de mol i t i on t i me  ( one  s t a nda r d 100 m 2  hous e )  - 1 h;  
− W or ke r s  i nvol ve d -  2 ( 1 e xc a va t or  ope r a t or , 1 hos e  ope r a t or ) ;  
− Cl e a ni ng a nd t r a ns por t :  W or ke r s  i nvol ve d - 2 ( 1 e xc a va t or  ope r a t or  ( t o f ur t he r  br e a k de mol -
i s he d pi e c e s  a nd t o l oa d mi xe d ma t e r i a l s  i n t r uc ks ) , 1 t r uc k dr i ve r  ( a s s umi ng s uc c e s s i ve  t r uc k 
j our ne ys ) . W i t hout  wood a nd me t a l  s e pa r a t i on, i t  i s  a s s ume d t ha t  t hi s  t a s k l a s t s  ha l f  a s  l ong 
a s  t he  e qui va l e nt  t a s k i n de c ons t r uc t i on. 
Ave r a ge  s pa c e  a r e a , e l e me nt s  a r e a  a nd t ot a l  ma t e r i a l  we i ght  pe r  hous e  uni t  m 2  wa s  c a l c ul a t e d 
on t he  ba s i s  of  s e ve r a l  me a s ur e d bui l di ngs , whi c h r e s ul t  f r om a  pr e vi ous  s t udy ( Coe l ho, 2008) , 
pr e s e nt e d i n T a bl e  3. 
4 COST  CALCULAT ION 
 
T ot a l  c os t  f or  de c ons t r uc t i on a nd t r a di t i ona l  de mol i t i on wa s  di vi de d i nt o f i ve  ma i n c a t e gor i e s :  
− Ya r d i ns t a l l a t i on;  
− Di r e c t  l a bour ;  
− Indi r e c t  l a bour ;  
− Equi pme nt  ope r a t i on;  
− T r a ns por t  ( of  CDW ) ;  
− Fi na l  di s pos a l  ( of  CDW ) .
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Figure 1. Extract from the deconstruction/demolition project (based on Cacém Polis) schedule program.
 
 
 
Table 1. Input data and calculations for estimating the case study deconstruction cost and duration.
 
Activity 
Man labour 
element area
 
Units
 
Productivity
 
Operation order 
Calculated
 
Contractor d
ata
 
U
nskilled 
worker
 
Hours
 
Equipment operator
 
Hours
 
Supervisor
 
Hours
 
m
2 
un. 
Man.h/m
2 
Man.h/un
 
Man.h
 
Man.h/m
2 
Hh/un
 
carpet removal
 
2 
3 
1 
0.4
 
1 
0.1
 
40
 
  
0.16
 
  
6.5
 
0.16
 
  
1 
plaster removal
 
4 
7 
1 
1 
1 
1 
100
 
  
0.30
 
  
30
 
0.30
 
  
2 
covering wood removal
 
2 
5.5
 
1 
0.65
 
1 
0.6
 
76.6
 
  
0.16
 
  
12.3
 
0.16
 
  
3 
cork removal
 
2 
1.5
 
1 
0.1
 
1 
0.1
 
15.0
 
  
0.21
 
  
3.2
 
0.20
 
  
1 
door removal
 
2 
5 
1 
0.5
 
1 
0.5
 
22.6
 
  
0.49
 
  
11
 
0.50
 
  
1 
window removal
 
3 
4 
1 
0.5
 
1 
0.5
 
19.3
 
  
0.67
 
  
13
 
0.66
 
  
1 
ceiling removal
 
4 
4.5
 
1 
1 
1 
1 
100
 
  
0.
20
 
  
20
 
0.20
 
  
2 
toilet fixtures removal
 
1 
1 
1 
0.3
 
  
  
  
12.
6 
  
0.103
 
1.3
 
  
0.1
 
1 
taps removal
 
1 
1 
  
  
  
  
  
9.73
 
  
0.103
 
1.0
 
  
0.1
 
1 
traditional demolition
 
3 
1 
1 
1 
1 
1 
100
 
  
0.05
 
  
5.0
 
  
  
4 
post separation of el
ements
 
3 
7 
1 
7 
1 
2 
100
 
  
0.30
 
  
30
 
  
  
5 
cleaning and transport
 
2 
8 
2 
8 
1 
2 
100
 
  
0.34
 
  
34
 
  
  
6 
aggregate crushing
 
  
  
1 
3.27
 
  
  
100
 
  
0.033
 
  
3.3
 
  
  
7 
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Table 2. Input data and calculations for estimating the case study (equivalent) traditional demolition cost and duration. Activity 
Man labour 
Element area
 
Units
 
Productivity
 
Operation order 
Calculated
 
unskilled worker
 
hours
 
equipment operato
r 
hours
 
supervisor
 
hours 
m
2  
un. 
Hh/m
2  
Hh/un 
Hh 
Tradicional demolition
 
1 
1 
1 
1 
1 
1 
100
 
  
0.03
 
  
3 
1 
cleaning and transport
 
2 
4 
2 
4 
1 
1 
100
 
  
0.17
 
  
17
 
2 
aggregate crushing
 
  
  
1 
3.27
 
  
  
100
 
  
0.033
 
  
3.3
 
3 
  Table 3. Average zone and element area and total material weight per house unit m
2 . 
Kitchen + toilets average area /m
2  
0.
23
 
m
2 /m
2  
Door average area /m
2  
0.
23
 
m
2 /m
2  
Window average area
 /m
2  
0.
19
 
m
2 /m
2  
Toilet fixtures average units
 /m
2  
0.
13
 
un/m
2  
Tap average units /m
2  
0.
097
 
un/m
2  
Average total material weight /m
2  
1.
96
 
ton/m
2  
Average weight of the elements to be demolished
 
196
 
ton
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Se ve r a l  de s t i na t i ons  we r e  c ons i de r e d f or  t he  l a s t  t wo ope r a t i on pha s e s , t r a ns por t  a nd f i na l  
di s pos a l , not  onl y be c a us e  de c ons t r uc t i on i mpl i e s  r e c ove r i ng s e pa r a t e d ma t e r i a l  f l uxe s  whi c h 
ha ve  t o be  s e nt  t o di f f e r e nt  l oc a t i ons  ( a f f e c t i ng t r a ns por t a t i on c os t s ) , but  a l s o be c a us e  pr i c e s  
c ha r ge d f or  c ol l e c t i ng ma t e r i a l s  va r i e d wi de l y a mong wa s t e  ope r a t or s  a nd ma t e r i a l  c ol l e c t or s  
( a f f e c t i ng f i na l  di s pos a l  c os t s ) . Howe ve r , ya r d i ns t a l l a t i on, di r e c t  a nd i ndi r e c t  ma n l a bour  a nd 
e qui pme nt  ope r a t i on we r e  a s s ume d t o r e ma i n c ons t a nt  be t we e n s c e na r i os  ( di f f e r e nt  t r a ns por t  
a nd di s pos a l  de s t i na t i ons ) , s i nc e  t hos e  c os t s  de pe nd ma i nl y on t he  c ont r a c t or . 
T he  pr e s e nt e d s c e na r i os  ( Fi gur e  2) , or  di f f e r e nt  t r a ns por t a t i on/ f i na l  di s pos a l  l oc a t i ons , r e f e r  
onl y t o wa s t e  ope r a t or s  whe r e  t he  bul k a ggr e ga t e  ma s s  wa s  dr i ve n t o, s e pa r a t e d f r om mos t  ot he r  
ma t e r i a l s  ( de c ons t r uc t i on)  or  mi xe d ( t r a di t i ona l  de mol i t i on) . T he s e  ope r a t or s  di f f e r  f r om e a c h 
ot he r , i n wha t  r e s pe c t s  t hi s  s t udy, onl y i n di s t a nc e  ( l oc a t i on)  a nd ga t e  c os t  ( t i ppi ng f e e ) , a s  c a n 
be  obs e r ve d i n T a bl e  4. 
De c ons t r uc t i on 
Ya r d i ns t a l l a t i on c os t  wa s  s i mpl y t a ke n f r om r e a l  c os t s  gi ve n by t he  c ont r a c t or . T he s e  c os t s , 
pr opor t i one d down t o a  100 m 2  hous e  uni t  ( t he  c os t  a na l ys i s , a s  t he  s c he dul e  a na l ys i s , wa s  a l s o 
c onduc t e d on a  100 m 2  hous e  uni t  ba s i s ) , r e s ul t e d i n 154.9 €. 
 
T a b le  4  - D ista nc e  a nd  tip p ing fe e s fo r  d iffe r e nt wa ste  o p e r a to r s c o nsid e r e d  in the  a na lysis.  
Wast e Op er at o r  Di st an ce fr o m t h e si t e ( Cacém P o l i s) ,  km  
Ti p p i n g fee fo r  d i ffer en t  mat er i al s,  € / t o n  
"Cl ean " aggr egat es  M i xed  CDW  
Was t e Op er at o r  1  2  6 . 0  2 0 . 0  
Wast e Op er at o r  2  6 1  1 5 . 0  5 9 . 0  
Wast e Op er at o r  3  6 4  5 . 5  2 0 . 5  
Wast e Op er at o r  4  2 1 . 5  1 2 . 5  3 0 . 0  
Wast e Op er at o r  5  3 0  0  7 5 . 0  
Wast e Op er at o r  6  2 1 9      
Wast e Op er at o r  7  3 0      
Wast e Op er at o r  8  2 5 3      
Wast e Op er at o r  9  8      
 
Figur e  2 - G l o b a l c o st fo r  d iffe r e nt sc e na r io s ( wa ste  o p e r a to r s)  
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As  for di r e c t  ( t a s k/ c hor e  hour s )  a nd i ndi r e c t  ( s upe r vi s i on)  l a bour , t ot a l  c os t  wa s  de r i ve d 
f r om t he  s a me  s c he dul e  a na l ys i s  r e f e r r e d i n §3, a ppl yi ng t he  f ol l owi ng l a bour  c os t s :  ge ne r a l  un-
s ki l l e d wor ke r s  - 6.0 €/ h;  e qui pme nt  ope r a t or  - 10 €/ h;  s upe r vi s or  - 12.8 €/ h ( t he s e  l a bour  c os t s  
a r e  va l i d f or  t he  ( l a r ge  me t r opol i t a n)  Li s bon a r e a , wi t h pos s i bl e  va r i a t i ons  f or  ot he r  pa r t s  of  t he  
c ount r y) . T hi s  r e s ul t e d i n a  t ot a l  c os t  of  1212 €. As  f or  e qui pme nt  c os t s , t he  c ont r a c t or  gi ve n 
c os t s  we r e  a ppl i e d, whi c h t r a ns l a t e s  i nt o 65 €/ h f or  t he  e xc a va t or  ope r a t i on, 30 €/ h f or  t he  l oa d-
e r  a nd a r ound 20 €/ h f or  t he  mobi l e  c r us he r  ( l oc a t e d a t  t he  l a ndf i l l  s i t e ) . T he s e  c os t s  i nc l ude  
f ue l , ma i nt e na nc e  a nd r e pa i r s . T a bl e  5 de pi c t s  t he  t ot a l  i nc ur r e d c os t s  i n e qui pme nt  ope r a t i on 
( 1100 €) , f r om whi c h a  r a t i o of  0.52 i s  c a l c ul a t e d, be t we e n e qui pme nt  us i ng hour s  a nd t he  t ot a l  
wor ki ng hour s , a  me a s ur e  of  t he  l e ve l  of  me c ha ni za t i on us e d  i n t hi s  part i cul ar decons t ruct i on 
cas e. 
 
T a b le  5  - O p e r a tio n e q uip me nt c o st fo r  d e c o nstr uc tio n a nd  tr a d itio na l d e mo litio n 
 D e c o nstr uc tio n  T r a d ic io na l d e mo litio n  
E q uip me nt  O p e r a tio n ho ur s  Co st,  €  O p e r a tio n ho ur s  Co st,  €  
E xc a va to r  9  5 8 5  5  3 2 5  
Lo a d e r  1 5  4 5 0      
M o b ile  c r ushe r  3 . 3  6 4 . 8  3 . 3  6 4 . 8  
T o ta l  2 7 . 3  1 1 0 0  8 . 3  3 9 0   
 
T r a ns por t a t i on c os t s  we r e  de t e r mi ne d t a ki ng i nt o a c c ount  t he  a c t ua l  de s t i na t i ons  t o whi c h 
ma t e r i a l s  we r e  s e nt , a c c or di ng t o T a bl e  6. T he  numbe r  of  t r uc k t r i ps  wa s  c a l c ul a t e d us i ng a  
s i mpl i f i e d c a r r yi ng vol ume  of  19.3 m 3  pe r  t r uc k, a ppl i e d t o a l l  t r a ns por t a t i on ne e ds . T r a ns -
por t e d vol ume s  we r e  de f i ne d us i ng a ve r a ge  vol ume  we i ght  f or  di f f e r e nt  “ pi l e d”  ma t e r i a l s , t a ke n 
f r om onl i ne  publ i s he d r e f e r e nc e s  ( Cons t r uc t i on M a t e r i a l s  Re c yc l e r  a nd Aus t r a l i a n V i c t or i a n 
Gove r nme nt  s us t a i na bi l i t y r e s our c e s ) . As  f or  t he  uni t  t r a ns por t a t i on c os t  ( €/ km) , t wo s our c e s  of  
i nf or ma t i on we r e  c ons i de r e d:  t he  c ont r a c t or  c os t s  f or  t r a ns por t i ng c e r t a i n ma t e r i a l  c a t e gor i e s  
a nd publ i c a t i on da t a  ( Lour e nç o, 2007) , whi c h c a n be  obs e r ve d i n T a bl e  7. 
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Table 6 - Transportation costs for the deconstruction operation  
 
 
 
 
 
 
 
 
 
Cost
 
Average material comp
osition
 
%
 
kg
 
m
3 
Destinations
 
Distance, km
 
Truck trips
 
€/km
 
€ (/100m
2) 
Uncontaminated soils and rocks
 
51
.1 
13463531
 
  
used locally
 
  
  
  
  
Concrete, masonry, tiles, shingles 
and other ceramics (clean aggre-
gates) 
37.2 
9810840 
6701 
Waste Operator 5
 
30
 
347 
2.76 
213
.9 
Waste Operator 1
 
2 
14
.26
 
Waste Operator 2
 
61
 
434
.8 
Waste Operator 3
 
64
 
456
.2 
Waste Operator 4
 
21
.5 
153
.3 
Uncontaminated gypsum mat
erials
 
4.47
 
1178883
 
1179
 
Waste Operator 2
 
61
 
62
 
2.95
 
83
.10
 
Wood
 
3.33
 
878228
 
2927
 
Waste Operator 6
 
219
 
152
 
4.00
 
991
.5 
Potencially hazardous mat
erials
 
2.57
 
677792
 
484
 
Waste Operator 2
 
61
 
26
 
2.95
 
34
.8 
Municipal Solid Waste
 
0.71
 
187250
 
1248
 
Waste Operator 2
 
61
 
65
 
2.95
 
87
.1 
Metals (except lead)
 
0.49
 
129229
 
144
 
Waste Operator 7
 
30
 
8 
2.19
 
3.91
 
Glass
 
0.1 
26373
 
76
 
Waste Operator 8
 
253
 
4 
2.19
 
16
.5 
Plant wastes
 
0.05
 
13187
 
88
 
Waste Operator 9
 
8 
5 
2.19
 
0.65
 
Plastic
 
0.02
 
5275
 
406
 
Waste Operator 2
 
61
 
22
 
2.19
 
21
.9 
Total 
100 
26370588
 
13253 
clean aggregates: Waste Oper
ator 5
 
691 
  
1453
 
clean aggregates: Waste Oper
ator 1
 
1254
 
clean aggregates: Waste Oper
ator 2
 
1674
 
clean aggregates: Waste Oper
ator 3
 
1696
 
clean aggregates: Waste Oper
ator 4
 
13
93
 
  Table 7 - Transportation costs for the deconstruction operation Materials
 
Contractor
 
Lourenço (2007)
 
Clean aggregates (ceramics)
 
2,76
 
1,83
 
Mixed waste
 
2,95
 
 - 
Hazardous waste
 
2,95
 
7,1
 
Non contaminated gypsum mat
e-
rials
 
2,95 
- 
Wood
 
4,00
 
- 
Tires
 
4,00
 
- 
Other wastes
 
 - 
2,19
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As  f or  di s pos a l  c os t s , a l l  va l ue s  us e d i n t he  c a l c ul a t i ons  we r e  de r i ve d f r om t he  wa s t e  ope r a -
t or s  a nd ma r ke t  va l ue s  f or  s ome  ma t e r i a l s  ( gi ve n by a  bi g e s t a bl i s he d ( ge ne r a l )  c ont r a c t or  i n 
Por t uga l ) , whi c h a r e  pr e s e nt e d i n T a bl e  8. T he  va l ue s  us e d a r e  r e a l  ma r ke t  va l ue s  a t  t he  mo-
me nt , whi c h doe s  not  me a n va r i a t i ons  ma y not  be  f ound i n ot he r  s i t ua t i ons . Fr om t he s e  va l ue s , 
T a bl e  9 wa s  c ompos e d, whi c h gi ve s  t ot a l  c os t  va l ue s  f or  t he  di s pos a l  ope r a t i ons  c onduc t e d by 
s e ve r a l  wa s t e  ope r a t or s , s i mi l a r l y t o t he  t r a ns por t a t i on c os t s  pr e s e nt e d i n T a bl e  6. 
 
T a b le  8  - W a ste  d isp o sa l c o sts,  p e r  ma te r ia l flux 
Ave r a ge  ma te r ia l c o mp o sitio n U nit d isp o sa l c o sts  € /to n  
U nc o nta mina te d  so ils a nd  r o c ks  use d  lo c a lly  
Co nc r e te ,  ma so nr y,  
tile s,  shingle s a nd  
o the r  c e r a mic s ( c le a n 
a ggr e ga te s)  
W a ste  O p e r a to r  1  6  
W a ste  O p e r a to r  2  1 5  
W a ste  O p e r a to r  3  5 . 5  
W a ste  O p e r a to r  4  1 2 . 5  
W a ste  O p e r a to r  5  0  
U nc o nta mina te d  gyp sum  ma te r ia ls  5 5  
W o o d  0  
P o te nc ia lly ha z a r d o us ma te r ia ls  1 0 0 , 5  
M unic ip a l So lid  W a ste  6 0 , 5  
M e ta ls ( e xc e p t le a d )  - 1 5 0  ( r e ve nue )  
G la ss  0  
P la nt wa ste s  3 , 5  
P la stic  - 5 0  ( r e ve nue )  
M ixe d  CD W  
W a ste  O p e r a to r  1  2 0  
W a ste  O p e r a to r  2  5 9  
W a ste  O p e r a to r  3  2 0 . 5  
W a ste  O p e r a to r  4  3 0  
W a ste  O p e r a to r  5  7 5   
 
 
T r a di t i ona l  de mol i t i on 
It  wa s  a s s ume d t ha t  ya r d i ns t a l l a t i on c os t  i s  a ppr oxi ma t e l y t he  s a me  f or  de c ons t r uc t i on a nd 
de mol i t i on wor ks . Di r e c t  a nd i ndi r e c t  l a bour  c os t s  we r e  di r e c t l y de t e r mi ne d f r om T a bl e  2, mul -
t i pl yi ng t he  numbe r  of  wor ke r s  f or  a  c e r t a i n t a s k by t ha t  t a s k dur a t i on, a ppl yi ng t he n t he  c or r e -
s pondi ng l a bour  wa ge . T he  s um of  t he s e  l a bour  c os t s  r e s ul t s  i n 202.3 €. Equi pme nt  c os t s  f or  
t r a di t i ona l  de mol i t i on c a n a l s o be  obs e r ve d i n T a bl e  4 ( 390 €) , f r om whi c h a  r a t i o of  1 i s  ob-
t a i ne d f or  t he  r e l a t i on be t we e n e qui pme nt  ope r a t i on hour s  a nd t ot a l  hour s , de r i ve d di r e c t l y f r om 
t he  f a c t  t ha t  t hi s  i s  a  c ompl e t e  me c ha ni ze d s t a nda r d pr oc e dur e , not  r e qui r i ng ( a l mos t )  a ny ma n-
ua l  wor k. T r a ns por t a t i on c os t s  a r e  de t e r mi ne d i n a  s i mi l a r  wa y a s  t he  de c ons t r uc t i on c a s e , onl y 
c ons i de r i ng a l l  ma t e r i a l s  mi xe d, e xc e pt  f or  unc ont a mi na t e d s oi l s  a nd r oc ks , whi c h a r e  gi ve n t he  
s a me  wa s t e  ma na ge me nt  opt i on, s i nc e  us i ng t he s e  ma t e r i a l s  l oc a l l y i s  a  ge ne r a l l y wi de s pr e a d 
pr a c t i c e  a mong ( t r a di t i ona l )  de mol i t i on wor ks , mos t l y t o c ut  t r a ns por t a t i on a nd vi r gi n ma t e r i a l  
c os t s  ( T a bl e  10) . Fi na l l y di s pos a l  c os t s , us i ng t he  c or r e s pondi ng uni t  di s pos a l  va l ue s  pr e s e nt e d 
i n T a bl e  8, we r e  s umma r i ze d f or  t he  di f f e r e nt  wa s t e  ope r a t or s  i n T a bl e  11. In t hi s  c a s e  a l l  ma t e -
r i a l s  we r e  c ons i de r e d l a ndf i l l e d, di s pos e d of  a s  mi xe d CDW . 
5 COST  COM PARISON 
 
A gl oba l  c os t  pr e s e nt a t i on t a bl e  i s  pr e s e nt e d ( T a bl e  12) , f r om whi c h Fi gur e  2 i s  e xt r a c t e d a nd 
a ve r a ge  gl oba l  c os t s  c a n be  c a l c ul a t e d f or  t hi s  c a s e  s t udy:  4955 € f or  t r a di t i ona l  de mol i t i on a nd 
5519 € f or  de c ons t r uc t i on ( a ve r a ge s  a s s oc i a t e d wi t h t he  f ol l owi ng s t a nda r d de vi a t i ons :  2179 € 
a nd 394 € f or  t he  t r a di t i ona l  de mol i t i on a nd de c ons t r uc t i on, r e s pe c t i ve l y) . Al t hough t he  gl oba l  
c os t  a ve r a ge  f a vour s  t r a di t i ona l  de mol i t i ons , i t  i s  c l e a r  f r om Fi gur e  2 t ha t  i n s ome  c i r c um-
s t a nc e s  i t  i s  pos s i bl e  t o c onduc t  s e l e c t i ve  de mol i t i ons  f or  a  l owe r  gl oba l  c os t . Not  c oi nc i de n-
t a l l y, t he  t wo wa s t e  ope r a t or s  wi t h whi c h i t  i s  e c onomi c a l l y vi a bl e  t o pe r f or m de c ons t r uc t i on 
a r e  t he  one s  whi c h a r e  a s s oc i a t e d wi t h hi ghe r  mi xe d CDW  di s pos a l  f e e s , e ve n t hough t he s e  r e p-
r e s e nt  t he  l owe s t  ( 0 €/ t on f or  wa s t e  ope r a t or  5)  a nd hi ghe s t  ( 15 €/ t on f or  wa s t e  ope r a t or  2)  
c l e a n a ggr e ga t e s  di s pos a l  f e e .
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Table 9 - Waste disposal costs, per material flux  
 
 
 
 
 
 
 
Cost
 
 
 
 
 
 
 
 
 
 
 
Other entities (waste operators and contractor)
 
Deconstruction Contractor 
Revenue 
Average material composition
 
%
 
kg
 
Waste management option
 
€/kg
 
€ 
€/kg
 
€ 
€/kg
 
€ 
Uncontaminated soils and rocks
 
51.05
 
100250
 
Reuse
 
  
  
  
  
  
  
Concrete, masonry, tiles, shingles and other 
ceramics (clean aggregates) 
37.2 
73052 
Recycling
 
Waste Operator 1
 
0.006
 
438.3
 
0 
0 
  
  
Waste Operator 2
 
0.015
 
1096
 
  
  
Waste Operator 3
 
0.0055
 
401.8
 
  
  
Waste Operator 4
 
0.0125
 
913.1
 
  
  
Uncontaminated gypsum materials
 
4.47
 
8778
 
Landfill
 
0.055
 
482.8
 
0.09
 
790.0
 
  
  
Wood
 
3.33
 
65
39
 
Recycling
 
0.00
 
0.00
 
0.015
 
98.1
 
  
  
Potencially hazardous materials
 
2.57
 
5047
 
Landfill
 
0.101
 
507.2
 
0.075
 
378.5
 
  
  
Municipal Solid Waste
 
0.71
 
1394
 
Landfill
 
0.061
 
84.4
 
0.075
 
104.6
 
  
  
Metals (except lead)
 
0.49
 
962.2
 
Recycling
 
  
  
  
  
-0.15
 
-144.3
 
Glas
s 
0.1
 
196.4
 
Recycling
 
0 
0.00
 
0 
0.0
 
  
  
Plant wastes
 
0.05
 
98.19
 
Landfill
 
0.0035
 
0.34
 
0.0035
 
0.3
 
  
  
Plastic
 
0.02
 
39.28
 
Landfill
 
  
  
0 
0.0
 
-0.05
 
-2.0
 
Total
 
100
 
196356
 
  
  
  
  
0.26
 
1372
 
-0.20
 
-146.3
 
 
 
 
 
 
 
 
 
Global cost. 
€ 
 
 
 
 
 
 
 
 
 
 
Waste Operator 1
 
1367
 
 
 
 
 
 
 
 
 
 
 
Waste Operator 2
 
2024
 
 
 
 
 
 
 
 
 
 
 
Waste Operator 3
 
1330
 
 
 
 
 
 
 
 
 
 
 
Waste Operator 4
 
1842
 
 
 
 
 
 
 
 
 
 
 
Waste Operator 5
 
1227
 
 
 
 Table 10 - Transportation costs for the traditional demolition operation 
 
 
 
 
 
 
 
 
 
 
Cost
 
Average material composition
 
%
 
kg
 
m
3 
Destinations
 
Distance, km
 
Truck trips
 
€/km
 
€ (100/m
2) 
Uncontaminated soils and rocks
 
51.1
 
13463531
 
  
used locally
 
  
  
  
  
Mixed CDW 
48.9 
12907056
 
9219 
Waste Operator 5
 
30
 
478 
2.19 
233.9
 
Waste Operator 1
 
2 
15.
6 
Waste Operator 2
 
61
 
475.6
 
Waste Operator 3
 
64
 
499
 
Waste 
Operator 4
 
21.5
 
167.6
 
Total 
100 
26370588
 
9219 
clean aggregates: Waste Op
erator 5
 
478 
  
233.9
 
clean aggregates: Waste Op
erator 1
 
15.6
 
clean aggregates: Waste Op
erator 2
 
475.6
 
clean aggregates: Waste Op
erator 3
 
499.0
 
clean aggreg
ates: Waste Op
erator 4
 
167.6
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Table 11 - Disposal costs for the traditional demolition operation Average material composition 
% 
kg 
Waste management option 
Cost
 
Revenue
 
€/kg
 
€ 
€/kg
 
€ 
Uncontaminated soils and rocks
 
51.1
 
100250
 
Reuse
 
  
  
  
  
Mixed CDW 
48.9 
96106 
Landfilling
 
Waste Operator 5
 
0.075
 
7208
 
  
  
Waste Operator 1
 
0.02
 
1920
 
  
  
Waste Operator 2
 
0.05
 
5670
 
  
  
Waste Operator 3
 
0.021
 
1969
 
  
  
Wast
e Operator 4
 
0.00
 
2883
 
  
  
Total
 
100
 
196356
 
  
0.041*
 
3930*
 
0 
0.0
 
 * Average values 
  
Table 12 - Global cost for different scenarios (waste operators) Cost category 
Clean aggregates (selective demolition) and mixed CDW (traditional demolition) sent to was
te operator 
 
Waste operator 1
 
Waste operator 2
 
Waste operator 3
 
Waste operator 4
 
Waste operator 5
 
Traditional demolition
 
Selective demolition
 
Traditional demolition
 
Selective demolition
 
Traditional demolition
 
Selective dem
olition
 
Traditional demolition
 
Selective demolition
 
Traditional dem
olition
 
Selective demolition
 
Yard installation
 
155
 
155
 
155
 
155
 
155
 
155
 
155
 
155
 
155
 
155
 
Man labour
 
202
 
1212
 
202
 
1212
 
202
 
1212
 
202
 
1212
 
202
 
1212
 
Equipment
 
390
 
1100
 
390
 
1100
 
390
 
1100
 
390
 
1100
 
390
 
1100
 
Trans
portation
 
15,6
 
1254
 
476
 
1674
 
499
 
1696
 
168
 
1393
 
234
 
1453
 
Disposal
 
1920
 
1367
 
5670
 
2024
 
1969
 
1330
 
2883
 
1842
 
7208
 
1227
 
Total
 
2682
 
5087
 
6893
 
6165
 
3215
 
5493
 
3798
 
5701
 
8189
 
5147
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Fr om t he  c os t  s t r uc t ur e s  ( T a bl e  13)  i t  c a n be  s e e n t ha t  t r a di t i ona l  de mol i t i on c os t s  a r e  mor e  
s e ns i t i ve  t o t he  f i na l  di s pos a l  s i t e  ( wa s t e  ope r a t or ) , t ha n s e l e c t i ve  de mol i t i on. T hi s  i s  ma i nl y 
due  t o t he  f a c t  t ha t , i n a n ove r a l l  i mpa c t , di s pos a l  ha s  a  muc h hi ghe r  r e l a t i ve  we i ght  i n t r a di -
t i ona l  de mol i t i on ( 76% )  t ha n s e l e c t i ve  de mol i t i on ( 28% ) . On t he  ot he r  ha nd, l a bour  c os t s  a r e  
a l mos t  6 t i me s  hi ghe r  i n t he  l a t t e r , whi c h i s  a  di r e c t  c ons e que nc e  of  t he  e xt r a  t i me  ne e de d t o 
c ompl e t e  t he  wor k a nd t he  r e duc e d me c ha ni c a l  e qui pme nt  ut i l i za t i on, whe n c ompa r e d t o t r a di -
t i ona l  de mol i t i on. Fur t he r mor e , t r a di t i ona l  de mol i t i on t r a ns por t a t i on c os t  i s  mor e  s e ns i t i ve  t o 
t r a ns por t a t i on di s t a nc e  t ha n s e l e c t i ve  de mol i t i on ( of  t he  bul k mi xe d CDW  a nd c l e a n a ggr e ga t e , 
r e s pe c t i ve l y) , s i nc e  t he  pr i me r  de pe nds  s ol e l y on one  de s t i na t i on/ wa s t e  ope r a t or , e ve n t hough 
t r a ns por t a t i on c os t s  a r e  a l wa ys  hi ghe r  i n t he  s e l e c t i ve  de mol i t i on s c e na r i os , i n whi c h a l l  ma t e r i -
a l s  s e pa r a t e d f r om t he  c e r a mi c  a ggr e ga t e s  we r e  t r a ns por t e d t o s e ve r a l  ot he r  l oc a t i ons , ha vi ng 
r e ma i ne d t he  s a me  f or  a l l  s c e na r i os . 
 
T a b le  1 3  - Ave r a ge  c o st c a te go r y imp a c t o n to ta l c o st,  % 
Co st c a te go r y  T r a d itio na l d e mo l i tio n  S e le c tive  d e mo litio n  
Y a r d  insta lla tio n  3 . 1 3  2 . 8 1  
M a n la b o ur  4 . 9 1  2 2 . 1  
E q uip me nt  9 . 4 7  2 0 . 0  
T r a nsp o r ta tio n  6 . 0 5  2 7 . 1  
D isp o sa l  7 5 . 8  2 8 . 0  
 
 
Fi na l l y, i t  i s  i mpor t a nt  t o a c knowl e dge  t ha t  t r a di t i ona l  de mol i t i on c os t  di s t r i but i on i s  ve r y 
muc h de pe nde nt  on di s pos a l  c os t s , a s  s t a t e d a bove  ( 76% ) , whi l e  s e l e c t i ve  de mol i t i on c os t  s t r uc -
t ur e  i s  muc h mor e  l e ve l l e d i n t hi s  r e s pe c t , wi t h 22%  of  c os t  i n l a bour , 20%  i n e qui pme nt  ope r a -
t i on, 27%  i n t r a ns por t  a nd 28%  i n ma t e r i a l  di s pos a l . T hi s  l e ve l l i ng i s  e s s e nt i a l l y c a us e d by t he  
l owe r  di s pos a l  a nd hi ghe r  t r a ns por t a t i on c os t s . 
6 CONCLUSIONS 
 
Fr om t he  pr e s e nt  c a s e  s t udy a na l ys i s , i t  i s  pos s i bl e  t o dr a w t he  f ol l owi ng c onc l us i ons :  
− Al t hough a n a ve r a ge  ba s e d s c e na r i o gi ve s  e c onomi c a l  pr e f e r e nc e  t o t r a di t i ona l  de mol i t i on 
ove r  de c ons t r uc t i on ( a s  de f i ne d a bove ) , i t  i s  pos s i bl e  t o a c hi e ve  l owe r  gl oba l  c os t s  f or  t he  l a t -
t e r , e s pe c i a l l y whe n mi xe d CDW  di s pos a l  c os t s  a r e  pa r t i c ul a r l y hi gh ( whe n c ompa r e d t o 
ot he r  s c e na r i os ) ;  
− T he  t r a di t i ona l  de mol i t i on c os t s  a r e  ve r y muc h de pe nde nt  on t he  f i na l  di s pos a l  c os t  ( of  
mi xe d CDW ) , whi l e  s e l e c t i ve  de mol i t i on c os t  s t r uc t ur e  i s  mor e  l e ve l l e d be t we e n l a bour , 
e qui pme nt , t r a ns por t  a nd f i na l  di s pos a l  c os t s ;  
− T o be  a bl e  t o s e l l  out  ( or  a t  l e a s t  r e us e  on t he  s pot  or  i n ot he r  wor ks ) , e ve n a t  a  l ow pr i c e , t he  
t ot a l  or  pa r t i a l  bul k ma s s  of  “ c l e a n”  a ggr e ga t e s , wi l l  c e r t a i nl y t ur n ma ny pr e s e nt l y une c o-
nomi c a l  s e l e c t i ve  de mol i t i on pr oj e c t s  i nt o vi a bl e  one s ;  
− T o e nha nc e  t he  me c ha ni za t i on ( e qui pme nt  ope r a t i on)  of  de c ons t r uc t i on a c t i vi t i e s , s hor t e n-
i ng s c he dul e s  a nd c ut t i ng l a bour  c os t s , ma i nt a i ni ng hi gh r e c ove r y r a t e s  i s  pos s i bl e  ( Guy, 
2003)  a nd de s i r a bl e , a l t hough i t  ne e ds  t o be  a da pt e d t o e a c h t ype  of  bui l di ng;  
− W he ne ve r  pos s i bl e , ma t e r i a l s  s ha l l  be  r e c ove r e d i n a  good e nough c ondi t i on t o be  r e us e d, 
put t i ng e f f or t s  i nt o t he  c omme r c i a l  a c t i vi t y of  s e l l i ng t hos e  ma t e r i a l s  i n or de r  t o gua r a nt e e  a  
c os t / r e ve nue  r a t i o a s  l ow a s  pos s i bl e  f or  e a c h r e c ove r e d ma t e r i a l . Re c yc l i ng, a l t hough pos i -
t i ve  i n e nvi r onme nt a l  t e r ms  a nd e f f e c t i ve l y di ve r t i ng ma t e r i a l s  f r om l a ndf i l l , ma y not  be  
e nough t o ga i n a n e c onomi c a l  e dge  ove r  t r a di t i ona l  de mol i t i on:  i t  ma y be  ne c e s s a r y ( a nd, 
mos t  of  t he  t i me , pr e f e r a bl e )  t o s e a r c h f or  a c t ua l  r e ve nue  f r om s e l l i ng ma t e r i a l s  a nd not  onl y 
c ut t i ng c os t s  i n f i na l  di s pos a l ;  
− T he  t ot a l  l a bour  c os t s  a r e  c ons i de r a bl y hi ghe r  i n de c ons t r uc t i on a c t i vi t i e s  t ha n i n t r a di t i ona l  
de mol i t i on ( a bout  6 t i me s  mor e , i n t hi s  c a s e ) , a s  we l l  a s  t i me  ne e de d t o c ompl e t e  t he  wor k. 
Fur t he r  me c ha ni za t i on, pl a nni ng a nd opt i mi ze d pr oc e dur e s  wi l l  l owe r  bot h t he s e  qua nt i t i e s . 
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1 INT RODUCT ION 
In r e c e nt  de c a de s , t he  r e s pons e  t o t he  ur ba n popul a t i ons ’  gr owt h ha s  be e n t he  t a l l  bui l di ngs  
c ons t r uc t i ons , s us t a i ne d by e c onomi c  r e a s ons , ur ba n, de mogr a phi c , e t c . Howe ve r , mos t  of  t he s e  
s t r uc t ur e s  we r e  bui l t  be f or e  t he  oi l  c r i s e s  a nd dur i ng a  pe r i od whe r e  t he  c onc e pt i on of  e nvi r on-
me nt a l  i mpa c t  wa s  not  e ve n c ons i de r e d, c ons e que nt l y i t  wa s  not  t a ke n i nt o a c c ount  t he  e ne r gy 
c ons umpt i on of  bui l di ngs . Ac c or di ng t o T omme r up a nd Sve nds e n ( 2006) , 75%  of  t he  e ne r gy 
s a vi ngs  pot e nt i a l  i s  i n bui l di ngs  bui l t  be f or e  t he  80's . T he y a r e  wa s t i ng mor e  e ne r gy, but , i f  t he  
e ne r gy e f f i c i e nc y i s  t a ki ng i n a c c ount  i n t he i r  r e ha bi l i t a t i on, i t  i s  pos s i bl e  t o r e duc e  80%  of  
e ne r gy ne e ds . How t he  of f i c e  t owe r s , hous i ng, hot e l  or  ot he r  bui l di ngs  a r e  ne c e s s a r y t o t he  
mode r n c i t i e s  a nd i t  i s  not  s i mpl y t o e r a di c a t e , t he  de s i gne r  ne e ds  t o s e e k s ol ut i ons  t o ma xi mi ze  
t he i r  e ne r gy e f f i c i e nc y, f i ndi ng a  ba l a nc e  be t we e n ne e ds  of  ur ba n pl a nni ng a nd e nvi r onme nt a l  
c ons t r a i nt s . Howe ve r , mor e  i mpor t a nt  t ha n i mpl e me nt i ng ne w bui l di ngs  i n a c c or di ng t o s us t a i -
na bi l i t y c r i t e r i a  i s  t o r e ha bi l i t a t e  t he  t a l l  bui l di ngs  t ha t  pr e s e nt  l ow e ne r ge t i c  e f f i c i e nc y. Ac c or d-
i ng t o Ye a ng ( 2002) , t he  s kys c r a pe r s  a r e  a n e f f e c t i ve  gr e e n a l t e r na t i ve  t o t he  f a mi l i a r  s ubur ba n 
de c e nt r a l i ze d s t r uc t ur e  a nd or de r i ng of  l ow de ns i t y. Roma no ( 2004)  c ons i de r s  t ha t  l ooki ng f or -
wa r d, t he  ut opi a s  of  one  mi l e  hi gh t owe r  c oul d pr opos e  a  ve r t i c a l  ur ba ni s m mor e  c onc e nt r a t e d 
a nd l e s s  pol l ut i ng. T he  be s t  mode l s  of  r e ha bi l i t a t i on a r e  not  t hos e  whe r e  a r e  ma i nt a i ne d onl y 
t he  bui l di ngs  s t r uc t ur e . In t he s e  c a s e s  t he r e  we r e  a  hi gh pr oduc t i on of  c ons t r uc t i on ma t e r i a l s  
wa s t e s , de br i s  a nd pol l ut a nt s  r e l e a s e d i nt o t he  a t mos phe r e . Good pr a c t i c e  of  bui l di ng r e ha bi l i t a -
t i on s houl d t a ke  i nt o a c c ount  pa s s i ve  s t r a t e gi e s  c ombi ne d, i f  ne c e s s a r y, wi t h t he  a c t i ve  s t r a t e -
gi e s . In t hi s  wa y t he  s e r vi c e  l i f e  of  t he  bui l di ng i s  e xt e nde d a nd t he  e ne r gy c ons umpt i on i s  r e -
duc e d, by c ons e que nc e  t he  e nvi r onme nt  i s  pr ot e c t e d of  de br i s  t ha t  woul d be  l a unc he d dur i ng 
t he  de mol i t i on a nd t he  CO 2  e mi s s i ons  f r om t he  pr oduc t i on of  ne w bui l di ng ma t e r i a l s  a r e  r e -
duc e d. In t hi s  c ont e xt , t hi s  pa pe r  pr e s e nt s  t he  out l i ne  of  a  s t udy a nd a  pr oj e c t  t o pe r f or m t he  
e ne r ge t i c  r e ha bi l i t a t i on of  a n e mbl e ma t i c  t a l l  bui l di ng i n M a dr i d. 
B u ild in g  reh ab ilitatio n  to ward s  p rimary en erg y s av in g : cas e s tu d y 
Ant oni o A. G. C oel ho  
University of Beira Interior, Covilhã, Portugal 
Lui z  A. P erei ra de Ol i vei ra 
Centre of Materials and Building Technologies C-MADE 
University of Beira Interior, Covilhã, Portugal 
ABST RACT :  T hi s  a r t i c l e  de a l  of  t he  r e ha bi l i t a t i on of  t he  BBV A bui l di ng i n M a dr i d, Spa i n, 
wi t h t he  i nt e nt i on t o r e duc e  t he  pr i ma r y e ne r gy c ons umpt i on. T he  pr opos e d i nt e r ve nt i on a i ms  
t o be  t he  l e a s t  i nva s i ve  f or  s e ve r a l  r e a s ons :  t he  bui l di ng i s  a n i c oni c  i ma ge  t ha t  mus t  be  ma i n-
t a i ne d;  i t  i s  not  s us t a i na bl e  t o c ha nge  t he i r  ope r a t i ng pa r a me t e r s , s i nc e  i t  r e s ponds  e f f e c t i ve l y t o 
t he  ne e ds ;  t he  t ype  of  c ons t r uc t i on a l l ows  ma ki ng c ha nge s  t o s ome  c ompone nt s  wi t hout  a f f e c t -
i ng t he  i ndoor  a nd out door  e nvi r onme nt a l . T he  i nt e r ve nt i on i s  ba s e d on t he  i nt r oduc t i on of  pa s -
s i ve  a nd a c t i ve  s t r a t e gi e s  t ha t  i mpr ove  t he  bui l di ng c omf or t , whi l e  de c r e a s i ng t he  e ne r gy e x-
pe ndi t ur e . W i t h t he  pr opos e d r e ha bi l i t a t i on pr oj e c t , t he  t ot a l  e ne r gy r e qui r e me nt s  of  t he  
bui l di ng a r e  r e duc e d by 70% . T hi s  va l ue  r e f l e c t e d a  de c r e a s e  of  201.4 kW h/ m 2  ye a r . Fr om t he  
e nvi r onme nt a l  poi nt  of  vi e w, t hi s  r e duc t i on of  e ne r gy i s  e qui va l e nt  t o r e movi ng 2578 t ons / ye a r  
of  CO 2  e mi t t e d i nt o t he  a t mos phe r e . 
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2 T HE BBV A BUILDING CASE ST UDY  
BBV A bui l di ng, de s i gne d by Fr a nc i s c o Oí za , wa s  bui l t  i n t he  80's , whe n e ne r gy wa s  pl e nt i f ul  
a nd e nvi r onme nt a l  pr obl e ms  we r e  not  ye t  c onc e r ne d. T hus , i t  i s  a  bui l di ng wi t h hi gh e ne r gy 
c ons umpt i on. T he  s t udy of  BBV A bui l di ng wa s  s uppor t e d pr i ma r i l y on s e ve r a l  vi s i t s , doc u-
me nt s  c ons ul t a t i on, ma nua l s  a nd s ur ve ys  i n de t a i l . T he  BBV A bui l di ng i s  l oc a t e d i n Pa s e o de  l a  
Ca s t e l l a na , i n t he  AZCA Ce nt r e  ( Fi gur e  1)  a nd ha s  c oor di na t e s  40° 3' N, 3° 4' W . Pa s e o de  l a  
Ca s t e l l a na  i s  one  of  t he  ma i n a nd wi de r  a ve nue s  of  M a dr i d. T he  bui l di ng i s  a n of f i c e  t owe r  of  
107.8 me t e r s  hi gh, s e t  on 30 f l oor s  wi t h a n a r e a  of  39.60 x 29.04 me t e r s  pe r  f l oor ;  f our  unde r -
gr ound f l oor s  oc c upy t he  e nt i r e  l a nd s ur f a c e  of  64.84 x 48.00 me t e r s . 
 
 
Figur e  1 .  AZCA Ce ntr e  ( le ft) ; vie w o f Ca ste lha na  Ave nue ,  B B V A in b la c k ( r igth) .  
 
BBV A's  f a c i l i t i e s  a r e  di vi de d i nt o t hr e e  t e c hni c a l  f l oor s  ( Fi gur e  2) , whe r e  t he  a i r  c ondi t i on-
i ng e qui pme nt , whi c h c ons i s t  of  a n a i r  c ondi t i oni ng c ol d-hot  powe r e d by f our  l a r ge  c ool i ng 
t owe r s , pl a c e d on t he  r oof  of  t he  bui l di ng. T he  di s t r i but i on of  f a c i l i t i e s  i s  done  t hr ough t he  ve r -
t i c a l  c or e , f r om t he  t e c hni c a l  f l oor  t o t he  a dj a c e nt  f l oor s . 
 
 
Figur e  2 .  Fa c ilitie s d istr ib utio n 
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3 T HE BBV A REHABILIT AT ION 
T he  pr opos a l  f or  t he  BBV A bui l di ng e ne r gy r e ha bi l i t a t i on a i ms  t o be  t he  l e a s t  i nva s i ve  a s  pos s -
i bl e , i n vi e w of  t he  i mpor t a nc e  of  ma i nt a i ni ng t he  bui l di ng i ma ge  i n t he  c i t y. It  i s  not  s us t a i na -
bl e  t o c ha nge  t he i r  ope r a t i ng pa r a me t e r s , s i nc e  i t  r e s ponds  e f f e c t i ve l y t o t he  ne e ds  of  oc c upa -
t i on. T he  i nt e r ve nt i on i s  ba s e d on t he  i nt r oduc t i on of  pa s s i ve  a nd a c t i ve  s t r a t e gi e s  t ha t  i mpr ove  
t he  c omf or t  i ns i de  t he  bui l di ng, whi l e  de c r e a s i ng t he  e ne r gy e xpe ndi t ur e . 
3.1 Passive strategies 
T he  or i gi na l  BBV A bui l di ng ma ke s  l i t t l e  us e  of  pa s s i ve  c ool i ng s t r a t e gi e s . It s  us e  c ome s  down 
t o t he  i ns ul a t i on, doubl e  gl a zi ng a nd t he  us e  of  br i s e  s ol e i l  on t he  f a c a de s  Ea s t , Sout h a nd W e s t . 
T he  a i r  i s  de l i ve r e d ma i nl y by a r t i f i c i a l  a i r -c ondi t i oni ng e qui pme nt . 
a) External conditions: climate data  
T he  a na l ys i s  of  e xt e r na l  c ondi t i ons , ma de  f r om we a t he r  da t a  a nd ge ogr a phi c  a r e a  of  M a dr i d, 
we r e  pe r f or me d us i ng t he  s of t wa r e  ECOT ECT  ( 2009) . It  wa s  pos s i bl e  t o obs e r ve  s ome  pa r a me -
t e r s  s uc h a s  l a t i t ude , r a i nf a l l , t he  wi nd pa t t e r ns , s ol a r  r a di a t i on, a ve r a ge  a nnua l  t e mpe r a t ur e s , 
r e l a t i ve  humi di t y ( RH)  a nd t he  t opogr a phy of  t he  c i t y. M a dr i d i s  a n e xa mpl e  of  Cont i ne nt a l  
M e di t e r r a ne a n c l i ma t e , c ha r a c t e r i ze d by e xt r e me  t e mpe r a t ur e s , a  mi ni mum of  -5º C dur i ng t he  
wi nt e r  a nd a  ma xi mum of  40º C dur i ng t he  s umme r . In a ddi t i on, t he  dur a t i on of  wa r m pe r i ods  
( s pr i ng a nd a ut umn)  wa s  ve r y l ow or  e ve n ne gl i gi bl e , a nd i t  i s  c ons i de r e d, us ua l l y onl y t he  s e a -
s ons  of  s umme r  a nd wi nt e r . RH i s  hi gh dur i ng wi nt e r , be t we e n 65%  a nd 85% , a nd l ow i n s um-
me r , be t we e n 20%  a nd 45% . T he  s ol a r  r a di a t i on di r e c t l y a nd i ndi r e c t l y i s  c ons t a nt  t hr oughout  
t he  ye a r  a nd i s  mor e  i nt e ns e  i n t he  s umme r . T he  f i r s t  i s  be t we e n 400 a nd 800 W / m 2  a nd t he  
s e c ond i s  be t we e n 100 a nd 300 W / m 2 . T hus , t he  bui l di ngs  wi l l  ha ve  a l wa ys  a n i mpor t a nt  de -
pe nde nc e  of  t he  a i r  c ondi t i oni ng s ys t e m, whe t he r  f or  he a t i ng or  c ool i ng. It  i s  t he r e f or e  i mpor -
t a nt  t o us e  s t r a t e gi e s  t o opt i mi ze  t he  e ne r gy c ons umpt i on r e qui r e d f or  t he s e  t wo a c t i ons . 
b) Indoor Conditions 
As  a n of f i c e  bui l di ng, t he  c omf or t  t e mpe r a t ur e  wa s  c a l c ul a t e d f or  t he  pa r a me t e r s  of  s e de nt a r y 
a c t i vi t i e s . Fr om t he  a na l ys i s  of  t he  c omf or t  zone  de f i ne d by t he  ps yc home t r i c  c ha r t  of  M a dr i d, 
t he  s e ns a t i on of  t he r ma l  c omf or t  i s  obt a i ne d f or  RH be t we e n 20%  a nd 80%  a nd t e mpe r a t ur e  be -
t we e n 20º  C a nd 25° C. 
c) Control of solar radiation 
T he  s ol a r  pa t hs , t he  he a t  ga i ns  by s ol a r  r a di a t i on a nd t he  pe r c e nt a ge  of  s ha di ng on t he  gl a zi ng 
c a us e d by hor i zont a l  br i s e  s ol e i l  of  t he  bui l di ng we r e  obs e r ve d by t he  s ol a r  c ha r t s  a na l ys e s  
( Fi gur e  3) . 
 
Figur a  3 .  B B V A so la r  c ha r te r  
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It  wa s  c onc l ude d by t he  s ol a r  or i e nt a t i on s t udi e s  t ha t  t he  bui l di ng ha ve  a  pr ope r  s ol a r  or i e nt a -
t i on, pr e s e nt i ng i t s  ma i n f a ç a de  or i e nt e d t o t he  s out h. But , r e ga r di ng t he  br i s e  s ol e i l  f unc t i on, i t  
a ppe a r s  t ha t  dur i ng t he  s umme r  onl y t he  s out h f a c a de  i s  pr ot e c t e d of  t he  r a di a t i on he a t  ga i ns . 
How t he  bui l di ng i s  c ompos e d of  32 f l oor s , s o on t he  whol e  t he r e  i s  a  hi gh r a di a t i on he a t  ga i n 
t ha t  i s  ba l a nc e d t hr ough t he  us e  of  a i r  c ondi t i oni ng. T hi s  i s  c onf i r me d by t he  s ha di ng pe r c e n-
t a ge  on t he  f a c a de s . Dur i ng t he  s umme r  t he  Ea s t  f a c a de  ha s  onl y 43.6%  of  s ha de d gl a zi ng a r e a  
a nd t he  f a c a de  W e s t  ha s  44.9% . T o a voi d he a t  ga i ns  by di r e c t l y r a di a t i on, i n s umme r , t he s e  s i t -
ua t i on ne e ds  t o be  c or r e c t e d. He nc e , t he  mos t  a ppr opr i a t e  s t r a t e gy i s  t o c r e a t e  a  ve ge t a l  ba r r i e r  
i ns i de  Ea s t  f a c a de  a nd a  s ys t e m of  a dj us t a bl e  br i s e  s ol e i l  ( a l s o i ns i de )  i n t he  W e s t  f a c a de . 
 
Figur e  4 .  W e st-E a st fa c a d e .  Re p r e se nta tio n o f summe r  sunlight.  
 
Figur e  5 .  W e st-E a st fa c a d e .  Re p r e se nta tio n o f summe r  sunlight with the  ve ge ta l b a r r ie r  in E a st a nd  a d j ust-
a b le  b la d e s in the  W e st.  
 
Figur e  1 .  W e st-E a st fa c a d e .  Re p r e se nta tio n o f winte r  sunlight with the  ve ge ta l b a r r ie r  in E a st fr o nt a nd  a d -
j usta b le  b la d e s in the  W e st.  
 
T hi s  s t r a t e gy  c ont r ol s  t he  s unl i ght  dur i ng t he  s umme r  a nd e nc our a ge s  i t  dur i ng t he  wi nt e r  
wi t hout  a f f e c t  t he  f unc t i ona l  a nd s pa t i a l  f l oor s  or ga ni za t i on. 
d) Vegetal and solar chimney chambers 
T wo i nne r  c ha mbe r s  we r e  i nt r oduc e d:  one  i n t he  W e s t  f a c a de  wi t h s ol a r  c hi mne y f unc t i on a nd 
s ol a r  ba r r i e r  a nd ot he r  on t he  Ea s t  f a c a de  a s  a i r  f i l t e r  a nd s ol a r  ba r r i e r . T he s e  c ha mbe r s  a r e  e s -
s e nt i a l  f or  t he  bui l di ng i n t e r ms  of  pa s s i ve  c ool i ng a nd a  gr e a t  a l l y f or  a c t i ve  c ool i ng. M or e o-
ve r , t he s e  t wo c ha mbe r s  c ompl e me nt  i t  t o c r e a t e  t he  s umme r  ni ght  ve nt i l a t i on a nd na t ur a l  ve nt i -
l a t i on whe n out s i de  c ondi t i ons  c a n pe r mi t . T he  ve ge t a l  c ha mbe r , hi ghl i ght  t he  f a c t  t ha t  t he  
pl a nt s  a r e  gr e a t  humi di f i e r s , a i r  pur i f i e r s  a nd a bs or bs  s ome  c he mi c a l s  ma t e r i a l s  t oxi c  t o hu-
ma ns . T he  i mpor t a nc e  of  ve ge t a l  c ha mbe r s  i s  t ha t  t he  pl a nt s  not  onl y pr oc e s s  t he  c a r bon di o-
xi de  a nd r e l e a s e  oxyge n, but  a l s o e l i mi na t e  e l e me nt s  s uc h a s  f or ma l de hyde , be nze ne , dus t  a nd 
ge r ms  f r om t he  a i r . ( W ol ve r t on, 1996) . T he  a bi l i t y of  pl a nt  t r a ns pi r a t i on a f f e c t s  t he  f a c a de  mi -
c r oc l i ma t e  by pr oduc i ng oxyge n a nd a bs or bi ng c a r bon di oxi de , whi c h c a n s i mul t a ne ous l y t a ke  
a dva nt a ge  of  t he  na t ur a l  e nvi r onme nt  a s  a n e f f e c t i ve  c ool i ng."  ( Ye a ng, 2001) . T he  Engl i s h i vy 
( Hedera helix )  wa s  c hoos e  a s  i de a l  f or  gr owi ng i n pot s  a nd i n t he  of f i c e  e nvi r onme nt , due  t o t he  
hi gh c a pa c i t y of  t hi s  pl a nt  t o f i l t e r  be nze ne  a nd T CE, t he  c he mi c a l  c ompounds  pr e s e nt  i n 
e qui pme nt  s uc h a s  c omput e r s , f a xe s  a nd t e l e phone s . T he  ve ge t a l  c ha mbe r  c ont r i but e s  t o i m-
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pr ove  t he  a c ous t i c  pr ope r t i e s  of  t he  f a c a de ;  s i nc e  t he  pl a nt s  a nd t he  a i r  c a n c ont r ol  a s  we l l  t he  
s ound wa ve s  pr opa ga t i on. It  i s  t he  c a s e  of  Ea s t  s i de  or i e nt e d f or  t he  Pa s e o Ca s t e l l a na , whe r e  
ve hi c l e  t r a f f i c  i s  c ons t a nt . T he  s ol a r  c hi mne y c ha mbe r  t a ke s  s e ve r a l  f unc t i ons , one  of  t he m i s  t o 
c ont r ol  t he  s ol a r  r a di a t i on, t he  ot he r  i s  t o c r e a t e  s ol a r  c hi mne y f or  ve nt i l a t i on i n s umme r  a nd 
ni ght  na t ur a l  ve nt i l a t i on whe n pos s i bl e , dur i ng t he  s pr i ng a nd a ut umn.  
In or de r  t o be  a bl e  t o r e c onc i l e  t he  be ne f i t s  a nd t he  pos s i bi l i t i e s  of f e r e d by t he  c ha mbe r s , but  
wi t hout  c ompr omi s i ng t he  bui l di ng a e s t he t i c s  a nd f unc t i ona l i t y, i t  ha s  be e n t a ke  c a r e  t ha t  t he s e  
a ddi t i ona l  e l e me nt s  c oul d i nt e gr a t e d wi t h t he  bui l di ng e nve l op, e nr i c hi ng t he  s pa c e , r a t he r  t ha n 
s t a nd out  a s  a n i ndi vi dua l  e l e me nt s  ( Fi gur e  7) . 
 
   
Figur e  7 .  Cha mb e r s d e ta ils: so la r  c himne y ( le ft) ,  ve ge ta l c ha mb e r  ( r ight)  
 
e) Daylighting 
In t he  BBV A bui l di ng, t he  da yl i ght i ng of  t he  i nt e r i or  s pa c e  i s  ve r y e f f e c t i ve  i n ope n s pa c e  of -
f i c e  s e t t i ngs . T hi s  i s  due  t o t he  f a c t  t ha t  i t s  e nt i r e  out e r  pe r i me t e r  i s  gl a s s . In t he  s e t t i ngs  mor e  
c ompa r t me nt a l i ze d, t he  wa y of  da yl i ght i ng i s  mor e  di f f i c ul t . T he  pe r c e nt a ge  of  l i ght  i s  s t r onge r  
on t he  W e s t  s i de  be c a us e  of  t he  pos s i bi l i t y of  br i s e  s ol e i l  r e gul a t i on, a nd we a ke r  on t he  Ea s t  
s i de  due  t o t he  pl a nt  c ha mbe r . T he  nor t he r n a nd s out he r n s i de s  ha ve  r e l a t i ve l y t he  s a me  va l ue s . 
T he  l owe r  l e ve l s  of  da yl i ght i ng a r e  r e por t e d i n a r e a s  s ur r oundi ng t he  s t r uc t ur a l  c or e . T he  onl y 
s t r a t e gy a dopt e d t o pr omot e  t he  us e  of  da yl i ght i ng i s  t o c ha nge  t he  opa que  pa r t i t i ons  by t r a ns l u-
c e nt  pa r t i t i ons  ( f r os t e d gl a s s )  a s  s hown i n Fi gur e  8. 
 
f) Gray water and rainwater recycling 
T he  r a i nwa t e r  t ha t  f a l l s  on t he  c ove r  a nd t he  wa t e r  f r om t he  s i nks , t oi l e t s , wi l l  be  us e d t o s uppl y 
wa t e r  r e s e r voi r  t o t oi l e t s . T o f ul f i l l  t hi s  obj e c t i ve , t he  s t r a t e gi e s  a dopt e d wi l l  be :  t he  r a i nwa t e r  
c ol l e c t e d on t he  r oof  i s  l e d t o s ome  de pos i t s  s i t ua t e d i n t he  t e c hni c a l  f i r s t  f l oor  e xi s t e nt  unde r  
t he  r oof i ng. A wa t e r  l i ne  wa s  c r e a t e d f r om t he  r e c yc l e d wa t e r  de pos i t s  t ha t  wi l l  s uppl y by gr a vi -
t y, t he  t oi l e t s  r e s e r voi r  a t  t he  unde r l yi ng f l oor s . For  be s t  vi e wi ng of  t he s e  pr oc e s s e s , s e e  t he  
Fi gur e  9. 
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Figur e  8 .  I nte r io r  p a r titio ns.  Cur r e nt situa tio n ( le ft) .  P r o p o sitio n,  vir tua l ima ge  ( r ight) .  
 
 
Figur e  9 .  Sc he ma  o f the  gr a y wa te r  a nd  r a inwa te r  r e use  
3.2 Active strategies  
T he  BBV A bui l di ng hot / c ol d a i r  c ondi t i oni ng e qui pme nt  wa s  f a br i c a t e d i n 1977, a nd t he r e f or e , 
t he  e qui pme nt  ha ve  a  hi gh e ne r gy ne e ds . T hi s  s ys t e m i s  powe r e d by a  l a r ge  ga s  boi l e r , whi c h 
pr oduc e s  hot  wa t e r , a nd f our  l a r ge  c ool i ng t owe r s  pl a c e d on t he  bui l di ng r oof , whi c h pr oduc e  
c ol d wa t e r . A ne w s ys t e m i s  pr opos e d i n t hi s  pr oj e c t :  t he  c ool i ng t owe r s  a r e  e l i mi na t e d a nd t he  
boi l e r  i s  r e pl a c e d by ne w boi l e r  wi t h e ne r gy e f f i c i e nc y A + . A s ol a r  c ool i ng s ys t e m, wi t h e f f i -
c i e nc y c l a s s e d a s  A +  + , wi l l  i ns t a l l e d t o c ol d, e nha nc i ng i t s  e f f i c i e nc y. T he  c ool i ng s ys t e m i s  a  
s ol a r  t e c hnol ogy de ve l ope d by CLIM AT EW ELL, a  Swe di s h c ompa ny l e a de r  i n r e s e a r c h 
e qui pme nt  dr i ve n by a i r  s ol a r  t he r ma l . T he  uni t s  of  a i r  ha ndl i ng wi l l  not  be  r e pl a c e d, s i nc e  t he i r  
e ne r gy c ons umpt i on not  j us t i f i e s  t he  a me ndme nt .  
a) Mechanical air conditioning  
T he  me c ha ni c a l  s ys t e ms  of  t he  c ool i ng wi l l  be  c ha nge d t o be  c ombi ne d wi t h t he  pa s s i ve  c ool -
i ng s t r a t e gi e s . T he  f i r s t  ma j or  c ha nge  i s  t he  e l i mi na t i on of  t he  a i r  ha ndl i ng i n t he  i nne r  Ea s t  s i de  
a nd W e s t  s i de , wi t h a  vi e w t o i nc or por a t e  t he  c ha mbe r s  a nd t he  e l i mi na t i on of  t wo f a ns  t ha t  
c onduc t e d t he  pr i ma r y a i r , f or  e a c h t e c hni c a l  f l oor . T he n i t  wi l l  be  ne c e s s a r y t o c onduc t  t he  a i r  
he a t e d or  c ool e d i n t he  l a r ge  a i r  ha ndl i ng t o t he  ve ge t a l  c ha mbe r . Fa ns  wi l l  be  us e d f or  a i r  a s pi -
r a t i on f r om t he  ve ge t a l  c ha mbe r , t hr ough pi pe s  i ns t a l l e d i n t he  c e i l i ng, t o di s t r i but e  i ns i de  t he  
f l oor . Fi na l l y, s t ove s  wi l l  be  i ns t a l l e d a t  t he  r e t ur n e xt r a c t or s  s i t ua t e d i n t e c hni c a l  f l oor . T he  a i r  
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he a t e d or  c ool e d whe n pa s s e s  by t he  ve ge t a bl e  c ha mbe r  i s  c onve r t e d i nt o c l e a ne r  a i r  e nr i c he d i n 
oxyge n a nd be i ng r e move d dus t , ge r ms  a nd t oxi c  ga s e s . A s e mi -c l os e d c i r c ui t  r e duc e s  t he  ne e d 
of  f r e que nt  a i r  r e ne wa l . 
b) Production of energy (photovoltaic panels)  
T he  pr oj e c t  i nc l ude s  t he  i ns t a l l a t i on of  phot ovol t a i c  pa ne l s , SunPowe r  mode l  220, on t he  Sout h 
f a c a de . T hi s  i s  one  of  t he  hi ghe s t  e f f i c i e nt  wi t h a  mor e  a t t r a c t i ve  a nd uni f or m a s pe c t  t ha n c on-
ve nt i ona l  phot ovol t a i c  pa ne l s . As  t he  i ma ge  of  t he  bui l di ng s houl d ne ve r  be  di s t ur be d by t hi s  
e qui pme nt  i t  me a ns  t ha t  t he  pa ne l s  c oul d not  be  vi s i bl e  t o pa s s e r s -by, t he y s houl d be  pl a c e d i n 
t he  s pa c e  c r e a t e d by t he  bounda r y of  t he  gl a zi ng a nd t he  hor i zont a l  s t r i pe s  ( Fi gur e  10) . T he  
a r e a s  whe r e  t he  pa ne l s  wi l l  be  pl a c e d ha ve  a  l a r ge  numbe r  of  s ol a r  i nc i de nc e  hour s . T he  pa ne l ’ s  
powe r  i s  180 W / m 2  wi t h a  t ot a l  powe r  pe a k of  4.4 kW  pe r  25 m 2 . Gl oba l l y, t he  bui l di ng c on-
t a i ns  960 m 2  of  phot ovol t a i c  pa ne l s  t ha t  ma t c h t he  pr oduc t i on of  169kW . Sol a r  r a di a t i on i n M a -
dr i d r e pr e s e nt s  by ye a r , a bout  2200 kW h/ m 2 . T hus , t he  960 m 2  of  s ol a r  pa ne l s  c or r e s ponds  t o a n 
a nnua l  pr oduc t i on of  238 M W h. Fr om t he  e nvi r onme nt a l  poi nt  of  vi e w, t he  us e  of  s ol a r  e ne r gy 
i n t hi s  e xa mpl e  c or r e s ponds  t o a  r e duc t i on of  95 t ons / ye a r  of  CO 2  e mi s s i ons .  
 
 
Figur e  1 0 .  P ho to vo lta ic  p a ne ls inte gr a te d  o n fa c a d e  
c) LED Lighting  
T he  r e pl a c e me nt  of  f l uor e s c e nt  l i ght  bul bs  by LED ma r ke dl y r e duc e  t he  e ne r gy c ons umpt i on, 
be c a us e  e a c h f l oor  ha s  392 f l uor e s c e nt  l a mps  i n t ot a l , a c c ount i ng f or  a l l  f l oor s  wi l l  be  a bout  12 
544 l i ght  bul bs .  
4 REHABILIT AT ION RESULT S  
T he  e s t i ma t i ve  of  t ot a l  e ne r gy c ons ume d wa s  ba s e d on da t a  f r om Ene r gy Cons umpt i on Gui de  
19 ( BRECSU 2000)  t a ki ng i nt o a c c ount  t he  t ype  of  bui l di ng. T a bl e  1 s hows  t he  e s t i ma t i ve  of  
e ne r gy c ons umpt i on va l ue s  of  BBV A a nd t he  va l ue s  c a l c ul a t e d a f t e r  t he  bui l di ng e ne r gy r e ha -
bi l i t a t i on.  
 
T a b le  1 .  E ne r gy c o nsump tio n o f B B V A b e fo r e  a nd  a fte r  r e ha b ilita tio n ( kW h/m 2  tr e a te d  flo o r  a r e a )  
 E ne r gy Co n-
s u mp tio n b e -
fo r e  
( kW h/m 2 b y 
ye a r )  
Re d uc ti o n  
( %)  
E ne r gy Co n-
sump tio n a f-
te r  
( kW h/m 2  b y 
ye a r )  
Co o ling a nd  he a ting  1 9 0   - 8 0 %  3 8   
Lighting  6 0   - 7 0 %  1 8   
Fa ns,  p ump s,  c o ntr o ls  2 5    2 5   
O ffic e  e q uip me nts  7    7   
P r o d uc tio n o f e ne r gy ( p ho to vo lta ic  p a ne ls)   0    - 7 . 4   
T o ta l  2 8 2    8 0 . 6   
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T he  r e ha bi l i t a t i on wi l l  f a l l  by 71%  t he  t ot a l  e ne r gy r e qui r e me nt s  of  t he  BBV A bui l di ng. T hi s  
va l ue  i s  r e f l e c t e d i n t he  de c r e a s e  of  201.4 kW h/ m 2  ye a r , whi c h me a ns  f or  a n a r e a  of  a ppr ox-
i ma t e l y 32 000 m 2 , l e a ds  t o a  de c r e a s e  c or r e s ponds  t o 6445 M W / ye a r . T o ge t  a  be t t e r  i de a  of  
t hi s  va l ue , 4.4 M W / ye a r  i s  t he  a ve r a ge  c ons umpt i on of  a  dwe l l i ng. Fr om t he  e nvi r onme nt a l  
poi nt  of  vi e w, t hi s  r e duc t i on of  e ne r gy c ons umpt i on i s  e qui va l e nt  t o r e movi ng 2578 t ons / ye a r  of  
CO 2  e mi s s i ons . In t e r ms  of  t he  e f f i c i e nc y l e ve l , t hi s  bui l di ng, onc e  r e ha bi l i t a t e d, woul d be  A+  
be c a us e  t he  ma xi mum c ons umpt i on va l ue  f or  t hi s  c a t e gor y i s  81.9 kW h/ m 2  by ye a r  a nd t he  
bui l di ng a f t e r  r e ha bi l i t a t i on wi l l  ha ve  80.6 kW h/ m 2 .  
5 CONCLUSION 
T he  pr opos e d r e ha bi l i t a t i on pr ovi de d, wi t hout  ma j or  a e s t he t i c  a nd f unc t i ona l  bui l di ng c ha nge s , 
a  s i gni f i c a nt  r e duc t i on i n e ne r gy c ons umpt i on. T he  e ne r ge t i c  r e ha bi l i t a t i on of  t a l l  bui l di ngs , 
due  t he i r  vol ume  a nd di me ns i ons  r e l e va nc e  a t  ur ba n s c a l e , i s  a  ma j or  c ont r i but i on t o i mpr ovi ng 
t he  s us t a i na bi l i t y of  t he  c i t i e s . T he  pr opos e d r e ha bi l i t a t i on e ne r gy, pr e s e nt e d he r e , gi ve s  t o 
BBV A bui l di ng a  r a t i ng of  e c o-e f f i c i e nt  bui l di ng. 
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 1 INTRODUCTION 
The term sustainable development can be described as enhancing quality of life and thus allow-
ing people to live in a healthy environment and improve social, economic and environmental 
conditions for present and future generations. 
The emergence of the Life Cycle Assessment (LCA) in construction is, therefore, the effect 
of the growing awareness that environmental problems can no longer be addressed in individual 
compartments, but they require a comprehensive assessment and intervention. 
Objective of LCA is to guide the choices of the project through a full assessment ("from 
cradle to grave") of the materials performance, construction techniques and service that, in gen-
eral and not as a single component, enables reduced consumption of resources, reduced emis-
sions and waste. The LCA is not only a means to environmental protection, it can become an 
important tool for strengthening the competitive dynamics and to reduce and control costs. 
An Integrated Approach for Sustainability (IAS): Life Cycle 
Assessment (LCA) as a supporting tool for Life Cycle Costing 
(LCC) and social issues. 
 
C. A. Dattilo  
University of Naples Federico II, Naples, Italy 
P. Negro 
ELSA Laboratory, Joint Research Centre, European Commission, Ispra, Italy 
R. Landolfo  
University of Naples Federico II, Naples, Italy 
ABSTRACT: SPEAR is the acronym for the European research project Seismic Performance 
Assessment and Rehabilitation of existing buildings, and the SPEAR building is the three-storey 
replica of an existing non-seismic building, full-scale tested at the ELSA Laboratory.  
In previous studies, a practical cost-benefits analysis was used to compare the performance of 
the specimen in the two different rehabilitated configurations: GFRP-retrofitted specimen and 
RC-jacketed structure. 
This paper presents a method to assess the best solution between alternative interventions in-
cluding sustainability issues in the economic evaluation. The main aim of this study, in fact, is 
to create an integrated approach as the key to make choices in terms of life cycle cost benefits 
analysis. 
Normally, Life Cycle Assessment (LCA) is a process to evaluate the environmental burdens as-
sociated with a product, process, or activity by identifying and quantifying energy and materials 
used and wastes released to the environment (from the cradle to grave). 
In the present study LCA methodology is calibrated as a decision support tool for economic 
analysis. At this regard, the first step was the environmental impacts analysis derived from the 
production (pre-use phase), installation (use phase) and waste treatment (end of life phase) of 
the two retrofitting measures. SimaPro software (version 7.1.8) was used to implement LCA 
model and to carry out the assessment in terms of tons CO2 emissions. 
It is clear that environmental results are not compatible with cost analysis (expressed in Euro) 
for the two configurations; therefore, to define a global result, CO2 emissions are converted in 
Euro unit, considering both the costs of the expected damages and the benefits derived from 
global climate change.
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In such a context, the paper presents an integrated approach to make choices based on eco-
nomic and environmental factors.  
2 LIFE CYCLE ASSESSMENT 
2.1 Conceptual basis of Life Cycle Assessment (LCA) 
The Life Cycle Assessment (LCA) methodology used in this study follows the stages outlined 
by International Organization for Standards (ISO) 14040.  
The four major stages of the LCA applied contain: 
1.Goal and scope definition, including the analysis of system boundaries; 
2.Life cycle inventory; 
3.Life cycle impact analysis; 
4.Life cycle interpretation and suggestions for improvement. 
 
1.The Goal and Scope Definition phase describes the overall objectives, the boundaries of the 
system under study, the sources of data and the functional unit to which the achieved results re-
fer. 
2. The Life Cycle Inventory (LCI), defined by ISO14041, consists of a detailed compilation of 
all the environmental inputs (material and energy) and outputs (air, water and solid  emissions) 
at each stage of the life cycle. 
3. The Life Cycle Impact Assessment (LCIA) phase aims at quantifying the relative impor-
tance of all environmental burdens obtained in the LCI by analysing the relative influence on 
the selected environmental effects. According to ISO14042, the general frame work of an LCIA 
method is composed of mandatory elements (classification and characterisation) that convert 
LCI results into an indicator for each impact category, and optional elements (normalisation and 
weighting) that lead to a unique indicator across impact categories using numerical factors based 
on value-choices. 
4. According to the ISO14043 standard, in the Life Cycle Interpretation phase, results of the 
LCI and LCIA stages must be interpreted in order to compare alternative scenarios. 
SimaPro v. 7.1.8 software application was used as supporting tool in order to implement the 
LCA model and carry out the assessment. In particular IPCC 2007 GWP 500a methods was 
used here to compare the results (Lavagna, 2008). 
2.2 Stage 1: Goal and Scope Definition 
The Life Cycle Assessment methodology has been used to obtain a comparative and compre-
hensive environmental picture relevant to two different retrofitting strategies (GFRP-wrapping 
and RC-jacketing) applied to the realistic SPEAR building, located in Campedei (BL) Italy 
(Figure 1). In particular, this study was carried out by evaluating CO2 emissions in the atmos-
phere, crucial to global warming.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location and render of the building under study 
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The functional unit is formed by all technological units by which the two retrofitting inter-
ventions are characterized. 
Three distinct phases, pre-use, use and end-of-life, were included in the system boundaries 
(Figure 2). 
The Pre-Use phase consists of the manufacturing, the transportation and production of retro-
fitting materials. The quantities were estimated from building drawings. 
The Use phase encompasses all activities related to the site construction. In particular it in-
cludes the transportation from plant to installation site and the installation of GFRP wrapping 
and RC-jacketing. 
As the last step, the End-of-life phase includes the transportation from site construction to 
waste treatment plant and all activities related to recycling, landfill and incineration examined in 
this specific case study.  
 
Transport to plant 
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Raw Material mining/ quarrying
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Figure 2. System boundaries 
2.3 Stage 2: Life Cycle Inventory (LCI) 
The input and output processes described into system boundaries must be quantified into the 
inventory. As a matter of fact, processes represent all activities, procedures and processes that 
lead to the implementation of each activity in the all stages of the life cycle, in terms of mate-
rials or energy. In this case the inventory data includes all the processes necessary to production, 
installation and waste treatment phases of GFRP wrapping and RC-jacketing. 
Data for LCA were modeled from databases included in the SimaPro software package. In 
particular, the Idemat 2001 and ETH-ESU and Ecoinvent databases was the source for retrofit-
ting materials, the BUWAL 250 database for transport operations, electricity and diesel use. Al-
so inventory data for steel recycling were made available by Ecoinvent system processes used in 
SimaPro. 
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An example of inventory is described in Figure 3, in which network diagram shows the 
processes and materials to install GFRPs: 
1. Sealing of the cracks; 
2. Cleaning of the substrate;  
3. Application of primer; 
4. Application of the 1st epoxy resin layer;  
5. Installation of the 1st GFRP ply; 
6. Application of the 2nd epoxy resin layer;  
7. Installation of the 2nd GFRP ply; 
8. Application of the last epoxy resin layer.  
The flow chart defines also the interaction and score (in Pt or in percentage) of each reported 
phases. 
As far as production and transportation of concrete and cement are concerned, it was assumed 
that such products were manufactured in existing plants by local producers. Steel reinforcing 
bars were assumed to be produced according to the average processes that characterise the Eu-
ropean steel industry. 
About the transportation of retrofitting materials from production plant to construction site, 
distances to Campedei were calculated assuming that: 
• GFRP wrapping and all material used for its installation were produced by MAPEI 
S.P.A. located in Milan, Italy; 
• The materials to install RC-jacketing were produced by different plant; in particular 
concrete was transported from Vittorio Veneto (Treviso, Italy), steel reinforcing bars 
from Suzzara (Mantova, Italy). 
 
 
Cracks checking Seal the cracks 
 
Application of epoxy resin layer Installation of GFRP ply 
 
 
Figure 3. GFRP wrapping installation: example of SimaPro output in which the processes network are 
showed 
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For the waste scenario it was supposed that: 
• the glass fiber and plastics were incinerated;  
• the reinforced steel was recycled and the concrete was land filled.  
Concerning the transportation, it was assumed that recycling station, land filing and incineration 
plant were situated in average at 200 km from the site; i.e. for each ton recycled, 200 km of 
transportation are accounted for. Track 16 B250 from database BUWAL 250 has been used in 
SimaPro.  
2.4 Stage 3: Life Cycle Impact Assessment (LCIA) 
Life Cycle Assessment is a process to evaluate the environmental burdens associated with a 
product, process, or activity by identifying and quantifying energy and materials used and 
wastes released to the environment (SETAC, 1993). The life-cycle or cradle-to-graves impacts 
include the extraction of raw materials; the processing, manufacturing, fabrication of the prod-
uct; the transportation or distribution of the product to the consumer; the use of the product by 
the consumer; the disposal or recovery of the product after its useful life. 
In the present study, the analysis of environmental impacts, derived from the production (pre-
use phase), installation (use phase) and waste treatment (end of life phase) of the two retrofitting 
measures, was carried out using IPCC 2007 GWP 500 method, included in SimaPro v.7.1.8 
software.  
This method, developed by the Intergovernmental Panel on Climate Change (IPCC), was cha-
racterized by a system of equivalence factors to weigh the various substances as a function of 
their efficiency as greenhouse gases. In this way it is possible to calculate the so called Global 
Warming Potential" (GWP), considering the total effect given by the investigated substances in 
terms of CO2 emissions. The conversion factors are calculated for three different time horizons: 
20, 100 and 500 years.  
For example, Table 1 includes conversion factors for 100 and 500 years; we can observe that 
when time horizon is higher the impact factor is lower, because it was assumed that they have a 
reaction in the atmosphere with the other components causing degradation and a lower effect. 
In this case, environmental impacts are calculated for a climate change factor with a time-
frame of 500 years. 
 
 
Table 1. Characterization factors for greenhouse gases. GWP Potential _______________________________________________________________________ 
Chemical compound     Formula   Conversion factor                                                                   ______________________ 
                 100 years  500 years _______________________________________________________________________ 
Fossil carbon dioxide       CO2     1     1 
Carbon monoxide        CO     2     2 
Nitrous Oxide          N2O     320    180 
Methane           CH4       25     8 
Non-methane volatile organic  NM-COV       25     8 _______________________________________________________________________ 
 
 
The results of LCA analysis, reported in  
Figure 4, show that CO2 emission produced by GFRP wrapping (1,35 tons CO2) are higher 
than those formed by RC jacketing (0,817 tons CO2): the incineration of glass fiber has an im-
portant environmental impact (97,8%). 
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Figure 4. SimaPro output: results of impact assessment using the IPCC 2007 GWP 500a method 
2.5 Stage 4: Life Cycle Interpretation 
The interpretation of an LCA results is not simple: the conclusions and improvement sugges-
tions are often subjective, and this makes it difficult to find and choose the best environmental 
solution among alternatives in comparison. 
For this reason, the present study implements the LCA methodology as a decision support 
tool for the economic analysis, carried out in previous studies.  
As a matter of fact, cost-benefit evaluation showed that none of the rehabilitation measures 
proved to be economically justifiable (Table 2). In terms of reduction of total expected losses, 
the GFRP-wrapped solution turned out to be by far the most effective, since the total expected 
loss was reduced to one fourth of the one of the original structure.  
In terms of return of investment, it had to be noticed that none of the rehabilitation strategies 
had economic justification. However, it had to be recalled that neither possible casualties were 
accounted for in the analysis, nor the risk of loss of the contents was considered (Negro, Lan-
dolfo et al. 2008).  
 
Table 2. Total expected losses and investments in 20 years for the two configurations ______________________________________________________________________________________ 
               GFRP Wrapped       RC Jacketed ______________________________________________________________________________________  
Total Loss  (Euro)          9,990          34,211 
Investment (Euro)         107,500           39,500 ______________________________________________________________________________________ 
 
It is clear that environmental results (Paragraph 2.4) are not compatible with cost analysis 
(expressed in Euro) for the two configurations; therefore, to define a global result, CO2 emis-
sions are converted in Euro unit, considering the costs of damages and benefits derived from 
global climate change, the social cost of carbon expressed in terms of future net benefits.  
Concern over the impact of anthropogenic carbon emissions on global climate has increased 
in recent years. The development of environmental themes linked to CO2 emissions took hold 
especially when the Kyoto Protocol came into force (16 February 2005) and the European Un-
ion Emission Trading System (EU ETS) had become operational. 
The EU ETS is the largest multi-national, emissions trading scheme in the world, and is a major 
pillar of EU climate policy. Under the EU ETS, the governments of the EU Member States 
agree on national emission caps which have to be approved by the EU commission, allocate al-
lowances to their industrial operators, track and validate the actual emissions in accordance 
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against the relevant assigned amount, and require the allowances to be retired after the end of 
each year.  
Like the Kyoto trading scheme, the EU scheme allows a regulated operator to use carbon cre-
dits in the form of Emission Reduction Units (ERU) to comply with its obligations. Thus one 
EU Allowance Unit of one ton of CO2, or "EUA", was designed to be identical ("fungible") with 
the equivalent "Assigned Amount Unit" (AAU) of CO2 defined under Kyoto. Of course, the 
Member State's plan can, and should, also take account of emission levels in other sectors not 
covered by the EU ETS, and address these within its own domestic policies. Unfortunately the 
approval process of National Allocation Plans (NAP) is long and tortuous.  
In 2008, despite an explosion of transactions in June and a record share price at 32,25 Euro 
per ton of CO2, the EU ETS showed signs of breathlessness after August. In particular, at the 
end of 2008 the EUA fell down to around 15 Euro, while in February 2009 the cost of a ton of 
CO2 was about 9 Euro (Cretí 2009). Therefore, starting from LCA results (CO2 emissions pro-
duced by GFRP wrapping and RC jacketing) and considering the cost of one ton CO2, we can 
combine both values in terms of Euro (Table 3). 
 
Table 3. Cost analysis in terms of CO2 emissions __________________________________________________________________ 
Hypothesis of cost  Retrofitting strategies  CO2    CO2                                                             _____    _____ 
                 ton   Euro __________________________________________________________________ 
        GFRP wrapping    1,350  12,15 
1 ton CO2 ≅ 9 Euro  RC jacketing      0,817    7,35 
        Differences     0,533    5,15 __________________________________________________________________ 
 
In this way, summing the economic costs and ecological costs (Table 4), it is possible to obtain 
a global result and to justify that the GFRP wrapping is the best rehabilitation strategy. 
 
 
Table 4. Global result of life cycle cost benefit analysis _________________________________________________________ 
        GFRP Wrapped  RC Jacketed _________________________________________________________ 
Investment (Euro)     107,50    39,50 
CO2 costs (Euro)        12,50      7,35 
Total (Euro)       120,00    46,85 _________________________________________________________ 
3 CONCLUSIONS  
A combined approach able to include both monetary terms (costs and associated expected 
losses) and environmental effects was presented in this paper.  
This process was based on LCA methodology used as a decision support tool for cost benefits 
analysis and was tested in order to compare the two alternative structural solutions (GFRP-
wrapping and RC-jacketing) in terms of CO2 emissions impacts for SPEAR Building.  
Starting from previous economic studies and considering the unitary cost of the ton of  CO2 
emission, it was possible to identify the best solution between the two retrofitting alternatives  
by considering both economic and environmental aspects. 
It can be concluded that an integrated design is a collaborative process for designing build-
ings which emphasizes the development of a holistic, multidisciplinary and sustainable design. 
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1 INT RODUCT ION 
Dur i ng t he  l a s t  c e nt ur y, t he  wor l d popul a t i on i nc r e a s e d f r om 1650 t o ne a r l y 6000 mi l l i on a nd i t  
i s  s t i l l  i nc r e a s i ng ( PPDESA, 1999) . 
J oi ni ng t hi s  i s s ue  wi t h t he  r a pi d gr owt h of  t he  Ec onomy ( wi t h a  f i ve  f a c t or  s i nc e  1950) , 
ba s e d on a  ma s s i ve  e xpl oi t a t i on of  t he  na t ur a l  r e s our c e s  a nd t he  c ont i nuous  e mi s s i ons  of  GHG 
( Gr e e nhous e  Ga s e s ) , i t  i s  s i mpl e  t o c onc l ude , t ha t  Ea r t h i s  not  pr e pa r e d t o r e c e i ve  s uc h pr e s s -
i ng, wi t hout  a ny c ons e que nc e s  ( Pi nhe i r o, 2006) . 
Inde e d, a c c or di ng t o t he  Ec ol ogi c a l  Foot pr i nt  At l a s , Ea r t h woul d ne e d 1.3 pl a ne t s  t o r e s t or e  
a l l  t he  r e s our c e s  c ons ume d da i l y by t he  Huma nki nd. In Por t uga l , t hi s  pr obl e m i s  e ve n bi gge r , 
be c a us e  i t  woul d ne e d mor e  180 %  of  i t s  a r e a  t o a c hi e ve  t he  e nvi r onme nt a l  ba l a nc e  ( Pi nhe i r o, 
2006;  W a c ke r na ge l  & Re e s , 1996) . 
T he r e f or e , i n or de r  t o r e duc e  t hi s  pr obl e m, i t  wa s  a s s i gne d t he  K yot o Pr ot oc ol  i n 1997, wi t h 
s pe c i f i c  r e duc t i on t a r ge t s  of  t he  Gr e e nhous e  Ga s e s . 
W i t h t hi s  a s s i gnme nt , t he  EU pr opos e d i t s e l f  a n 8 %  r e duc t i on of  t he  GHG be t we e n 2008 
a nd 2012 ( UN, 1997) , s o t he  Communi t y ha s  a ppr ove d s e ve r a l  e f f i c i e nt  e ne r ge t i c  pol i c i e s , l i ke  
t he  EPBD Di r e c t i ve  ( Di r e c t i ve  2002/ 91/ EC) . 
T hi s  Di r e c t i ve  i mpos e d t he  us e  of  a n e ne r ge t i c  c e r t i f i c a t i on s ys t e m f or  t he  bui l di ngs , i n or de r  
t o r e duc e  t he i r  e ne r gy c ons umpt i on, e s t i ma t e d i n 40%  of  t he  gl oba l  Communi t y Ene r gy ( Eur o-
pe a n Pa r l i a me nt , 2002) . 
Si nc e  Por t uga l  i s  a n EU me mbe r , t he  La ws  78, 79 a nd 80 of  2006 t r a ns pos e d t hi s  Di r e c t i ve  
t o t he  Por t ugue s e  Le gi s l a t i on, c r e a t i ng a  ne w T he r ma l  Re gul a t i on. 
T hi s  pa pe r  wi l l  di s c us s  i f  t hi s  ne w r e gul a t i on a ppl i e d t o t he  r e s i de nt i a l  s e c t or  ( RCCT E)  i s  a n 
i mpor t a nt  s t e p t o a c hi e ve  t he  s us t a i na bi l i t y, s o t he  ne w bui l di ngs  a r e  a bl e  t o r e duc e  s i gni f i -
c a nt l y t he i r  c ons umpt i ons  a nd t he i r  e mi s s i ons , a c c or di ng t o t he  bi oc l i ma t i c  pr i nc i pl e s . 
As  t he  Di r e c t i ve  ha s  be e n r e c a s t  i n 2009, i t  wi l l  be  t r a ns pos e d i n t he  f ut ur e  t o t he  Por t ugue s e  
l e gi s l a t i on, s o now i t  i s  t he  pe r f e c t  t i me  t o poi nt  out  s ome  modi f i c a t i ons  t ha t  s houl d be  c ons i d-
e r e d i n t hi s  r e vi e w.  
Is  th e P o rtu g u es e En erg etic C ertif icatio n  S y s tem o f  B u ild in g s  an  
ef f icien t to o l to  ach iev e th e s u s tain ab ility?  
Joaquim Ferreira   
Student of Master in Civil Engineering, IST, Technical University of Lisbon, Lisbon, Portugal 
M anuel  Duart e P i nhei ro 
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ABST RACT :  T hi s  pa pe r  a na l ys e s  t he  s us t a i na bi l i t y of  t he  Por t ugue s e  Ene r ge t i c  Ce r t i f i c a t i on 
Sys t e m of  Bui l di ngs , us i ng a  s e ns i bl e  a na l ys i s , ba s e d on t he  HEX A bui l di ng, de ve l ope d by   
Li de r A. Fi r s t l y, i t  i s  ma de  a  r e vi e w of  s us t a i na bi l i t y a nd e ne r gy. T he n, t he s e  c onc e pt s  a r e  r e -
l a t e d wi t h t he  ne w Por t ugue s e  T he r ma l  Re gul a t i on. Fi na l l y, t he  s e ns i bl e  a na l ys i s  i s  ma de , us i ng 
pa s s i ve  a nd a c t i ve  me a s ur e s , a ns we r i ng t he  pa pe r ’ s  t i t l e  que s t i on i n t he  l a s t  t wo c ha pt e r s . 
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2 SUST AINABILT Y AND ENERGY 
As  i t  wa s  e xpl a i ne d i n t he  Int r oduc t i on, t he  wor l d ha s  a s s i s t e d t o s e ve r a l  M a nki nd e nvi r onme n-
t a l  a ggr e s s i ons  dur i ng t he  t wo l a s t  c e nt ur i e s . T hus , i n 1987 i t  a ppe a r s  a  ne w c onc e pt  of  de ve l -
opme nt  – t he  s us t a i na bl e  de ve l opme nt  – “ t o e ns ur e  t ha t  i t  me e t s  t he  ne e ds  of  t he  pr e s e nt  wi t h-
out  c ompr omi s i ng t he  a bi l i t y of  f ut ur e  ge ne r a t i ons  t o me e t  t he i r  own ne e ds ”  ( Br undt l a nd, 
1987) . 
Si nc e  t ha t  da t e  unt i l  now, s e ve r a l  Aut hor s  di s c us s e d t he  me a ns  of  a c hi e vi ng t ha t  obj e c t i ve , 
a nd nowa da ys  t he r e  a r e  t wo vi s i ons  of  s us t a i na bi l i t y, whi c h de s c r i be  t wo di f f e r e nt  wa ys  of  a c t -
i ng ( Di e t z & Ne uma ye r , 2006) :  
• W e a k Sus t a i na bi l i t y – t r i e s  t o obt a i n t he  opt i ma l  us e  of  t he  i nc ome  ge ne r a t e d f r om t he  e x-
pl oi t a t i on of  t he  non-r e ne wa bl e  r e s our c e s , e s t a bl i s hi ng t he  r ul e s  of  c ons umpt i on a nd t he  
us a ge  of  t he  c a pi t a l  ( i nc l udi ng t he  na t ur a l  c a pi t a l ) . 
• St r ong Sus t a i na bi l i t y – di vi de s  t he  na t ur a l  c a pi t a l  i n f our  c a t e gor i e s  of  f unc t i ons  a nd a s -
s ume s  t ha t  na t ur a l  c a pi t a l  c a nnot  be  s ubs t i t ut e d by ot he r  f or ms  of  c a pi t a l . T hi s  wa y, i t  
s houl d be  a f f or de d s pe c i a l  pr ot e c t i on. 
T o a ppl y t he s e  vi e ws  t o t he  bui l di ngs , i t  c oul d be  s a i d t ha t  t he  f i r s t  one  t r i e s  t o r e duc e  t he  
c ons umpt i on, c ompa r i ng t he  c a pi t a l  i nve s t e d on i t s  r e duc t i on, whi c h s houl d be  t he  s a me  of  t he  
na t ur a l  c a pi t a l  wa s t e d. 
T he  s e c ond t r i e s  t o c r e a t e  a  c ons t r uc t i on t ha t  c a n s ubs t i t ut e  t he  e xpl oi t a t i on of  non-
r e ne wa bl e  r e s our c e s , by r e ne wa bl e  one s , i n or de r  t o c r e a t e  c a r bon ne ut r a l  s ol ut i ons , pr ot e c t i ng 
t he  na t ur a l  c a pi t a l . T hi s  vi e w a l s o ne e ds  a n i nve s t me nt  on r e duc t i on e ne r gy pa r a me t e r s . 
Int r oduc i ng t he s e  c onc e pt s  i n t he  EPBD Di r e c t i ve , i t  i s  pos s i bl e  t o c onc l ude  t ha t  t he  
2002/ 91/ EC f oc us e d a  we a k s us t a i na bi l i t y, a s  i t  wa nt e d uni que l y t o r e duc e  t he  bui l di ngs  e ne r gy 
c ons umpt i on. Howe ve r , t he r e  i s  a n e vol ut i on on t he  EU obj e c t i ve s  on t he  2009 r e c a s t , whe n 
t he r e  i s  a  f i r s t l y r e f e r e nc e  on c a r bon ne ut r a l  bui l di ngs , pr opos i ng f or  2020 s ome  t a r ge t s  f or  
“ bui l di ngs  whi c h bot h c a r bon di oxi de  e mi s s i ons  a nd pr i ma r y e ne r gy c ons umpt i on a r e  l ow or  
e qua l  t o ze r o”  ( Eur ope a n Pa r l i a me nt , 2002;  Eur ope a n Commi s s i on, 2008) . 
T o r e duc e  t he  e nvi r onme nt a l  i mpa c t  of  t he  bui l di ngs , i t  i s  be i ng di s c us s e d a  ne w c ons t r uc t i on 
pa r a di gm, na me d a s  s us t a i na bl e  c ons t r uc t i on. T hi s  phi l os ophy wa s  f i r s t l y de ba t e d i n 1994, a nd 
de f i ne d by K i be r t  a s  “ t he  r e s pons i bl e  c r e a t i on a nd ma na ge me nt  of  a  he a l t hy bui l t  e nvi r onme n-
t a l , ba s e d on t he  e c ol ogi c a l  pr i nc i pl e s  a nd t he  e f f i c i e nt  ut i l i za t i on of  t he  r e s our c e s ” ( Pi nhe i r o, 
2006;  K i be r t , 2003) . 
In f a c t , whe n a dopt i ng t hi s  t ype  of  c ons t r uc t i on, pe opl e  a r e  t hi nki ng of  a l l  t he  l i f e  c yc l e  of  
t he  bui l di ng a nd i t s  e ne r gy a nd r e s our c e s  c ons umpt i ons . M or e ove r , i t  i s  c ha r a c t e r i ze d by      
( T i r one  & Nune s , 2008) :  
• Le s s  qua nt i f i a bl e  pa r a me t e r s :  
o A he a l t hy a nd a  good e nvi r onme nt a l  c omf or t ;  
o A va l or i za t i on of  i t s  na t ur a l  r e s our c e s , i ns t e a d of  wa s t i ng t he m;  
o M ul t i f unc t i ona l  a r e a s  ne a r by t he  l i vi ng pl a c e s ;  
o Fl e xi bl e  bui l di ngs , t ha t  c a n be  c ha nge d dur i ng i t s  l i f e  c yc l e ;  
o Func t i ona l  a r c hi t e c t ur e . 
• Qua nt i f i a bl e  pa r a me t e r s :  
o T he r ma l  a nd a c ous t i c  c omf or t ;  
o Le s s  e ne r gy c ons umpt i on ( wi t h a  ne ut r a l  t e nde nc y)  ;  
o Le s s  wa t e r  de ma nd;  
o Le s s  c a r bon e mi s s i ons  ( wi t h a  ne ut r a l  t e nde nc y) . 
Li ke  i t  wa s  r e f e r r e d, t he  r e duc t i on of  e ne r gy a nd c a r bon i mpa c t  i s  a  pr i or i t y of  t he  s us t a i na -
bl e  c ons t r uc t i on, whi c h c a n be  a c c ompl i s he d by t wo c ompl e me nt a r y wa ys , t he  pa s s i ve  a nd t he  
a c t i ve . 
T he  f i r s t  one  de a l s  wi t h t he  bi oc l i ma t i c  a nd e c ol ogi c a l  pr i nc i pl e s , t ha t  whe n we l l  us e d t o-
ge t he r  c a n r e duc e  s i gni f i c a nt l y t he  t he r ma l  e ne r gy c ons umpt i on. Ac t ua l l y, i t  i s  e s t i ma t e d t ha t  a  
pa s s i ve  hous e  c a n r e duc e  ne a r l y 90%  of  t hi s  ki nd of  c ons umpt i on, whe n us i ng t he  ma xi mum of  
t he  s ol a r  e ne r gy, a  good s ol a r  or i e nt a t i on, s ol a r  pr ot e c t i ons  dur i ng t he  s umme r , a n e f f i c i e nt  
t he r ma l  i ns ul a t i on a nd na t ur a l  ve nt i l a t i on, a  r a t i ona l  us e  of  t he  t he r ma l  i ne r t i a  a nd a  good us a ge  
of  t he  gl a zi ng wi ndows  ( Gonç a l ve s  & Br ot a s , 2007) . 
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T he  s e c ond one  c oul d c ompl e me nt  t he  ot he r , r e duc i ng t he  c ons umpt i on of  ot he r  s our c e s  ( us -
i ng hous e  a ut oma t i on s ys t e ms  a nd e f f i c i e nt  l a mps  a nd hous e hol d e l e c t r i c a l  e qui pme nt )  a nd 
pr ovi di ng e l e c t r i c  e ne r gy pr oduc e d by me c ha ni c a l  r e ne wa bl e  s ys t e ms . 
W i t h t he s e  t wo pa r t s  wor ki ng t oge t he r  i t  i s  pos s i bl e  t o r e a c h ne ut r a l  c a r bon a nd e ne r gy bui l d-
i ngs . In ot he r  wor ds , t he s e  a r e  t he  s t e ps  t ha t  s ha l l  be  gi ve n t owa r ds  t he  bui l di ngs  s t r ong s us t a i -
na bi l i t y. 
If  i t  i s  pos s i bl e  t o c r e a t e  ne ut r a l  c ons t r uc t i ons , t he  e ne r gy a nd c a r bon s us t a i na bl e  bui l di ng 
c a n onl y be  a  ne ut r a l  one . T hus , t he  ne xt  c ha pt e r s  wi l l  di s c us s  how t he  Por t ugue s e  Ene r ge t i c  
Ce r t i f i c a t i on Sys t e m of  Bui l di ngs  f oc us e s  t hi s  i s s ue  a nd wha t  i nf or ma t i on i t  i s  gi vi ng t o t he  
c ons t r uc t i on ma r ke t .     
3 T HE PORT UGUESE ENERGET IC CERT IFICAT ION SYST EM  OF BUILDINGS 
T he  EPBD Di r e c t i ve  wa s  t r a ns pos e d t o t he  Por t ugue s e  l e gi s l a t i on by t he  DL 78/ 2006, c r e a t i ng 
t he  Por t ugue s e  Ene r ge t i c  Ce r t i f i c a t i on Sys t e m of  Bui l di ngs  ( he r e a f t e r  SCE) , s upe r vi s e d by t he  
DGGE a nd ma na ge d by t he  ADENE. T he  c a l c ul a t i on me t hodol ogy a nd t he  r e gul a t i ons  a r e  s e nt  
t o t he  DL 79/ 2006 a nd DL 80/ 2006 ( Cons e l ho de  M i ni s t r os , 2006a ) . 
T he  f i r s t  one  ( RSECE)  l i mi t s  t he  e ne r gy c ons umpt i on ( i mpos i ng a  ma xi mum powe r  of  t he  
HV AC s ys t e ms )  a nd r e qui r e s  mi ni mum pa r a me t e r s  f or  a i r  qua l i t y i n s e r vi c e  bui l di ngs                 
( Cons e l ho de  M i ni s t r os , 2006b) . 
T he  DL 80/ 2006 ( RCCT E)  i s  a ppl i e d t o t he  r e s i de nt i a l  bui l di ngs  wi t h a n a r e a  not  hi ghe r  t ha n 
1000 m 2 , a nd t he  s e r vi c e  bui l di ngs  wi t h a n a r e a  l owe r  t ha n 1000 m 2  or  500 m 2  i n c a s e  of  s upe r -
ma r ke t s , s wi m mi ng pool s  a nd s hoppi ng c e nt e r s . Ot he r wi s e , t he y a r e  s ubj e c t  of  t he  RSECE 
( Cons e l ho de  M i ni s t r os , 2006c ) . 
T hi s  l a s t  r e gul a t i on ( RCCT E)  i s  t he  c onc e r ni ng poi nt  of  t hi s  pa pe r . In f a c t , t he  c ommon r e s i -
de nt i a l  bui l di ngs  a r e  s ubj e c t  of  t hi s  r e gul a t i on, t ha t  s t i pul a t e s  a  ma xi mum c ons umpt i on of  he a t -
i ng e ne r gy ( wi nt e r ) , c ool i ng e ne r gy ( s umme r ) , e ne r gy f or  he a t i ng s a ni t a r y wa t e r s  a nd pr i ma r y 
e ne r gy, a s  a  c onve r s i on of  t he  l a s t  t hr e e  pa r t s  i n kgoe ( he r e a f t e r  Ni , Nv, Na  a nd Nt  r e s pe c t i ve l y) . 
K nown t he s e  ma xi mums , t he  RCCT E poi nt s  out  a  c a l c ul a t i on me t hodol ogy t o e s t i ma t e  t he  
r e a l  c ons umpt i on of  t he  bui l di ng, whi c h s ha l l  be  l owe r  t ha n t he m i n c a s e  of  ne w c ons t r uc t i ons  
( he r e a f t e r  Ni v, Nvc , Na c  a nd Nt c  r e s pe c t i ve l y) . 
T he  Nt  i s  t he  ba s e  l e ve l  f or  t he  c l a s s i f i c a t i on ( c l a s s  B-) . W he n t he  Nt c  i s  25%  l owe r , t he  
bui l di ng i s  B, 50% – A, 75%  or  mor e – A+ . T he  e xi s t i ng bui l di ngs  do not  ha ve  t o r e s pe c t  t he  Nt , 
s o t he y c a n be  C ( unt i l  50%  mor e ) , D ( 50-100% ) , E ( 200-250% ) , F ( 250-300% )  or  G ( > 300% ) . 
W he n a na l yzi ng t he  t e xt  of  RCCT E i t  i s  pos s i bl e  t o f i nd out  s ome  ne w t he r ma l  i mpos i t i ons  
t ha t  c a n l e a d t o a  s us t a i na bl e  c ons t r uc t i on de f i ne d a bove . Inde e d, i t  di vi de s  t he  c ount r y i n t hr e e  
wi nt e r  c l i ma t i c  zone s  a nd ot he r  t hr e e  s umme r  c l i ma t i c  zone s . In t hos e  zone s , i t  i mpos e s  ma xi -
mum U-va l ue s  f or  c ur r e nt  e nc l os ur e  e l e me nt s  a nd ma xi mum s ol a r  f a c t or  f or  wi ndows  wi t h a n 
a r e a  hi ghe r  t ha n 5%  of  t he  s e r vi ng r oom. 
M or e ove r , i t  i s  wr i t t e n t ha t  pl a i n t he r ma l  br i dge s  s ha l l  be  t r e a t e d, s o t he y c a nnot  ha ve  a  U-
va l ue  hi ghe r  t ha n t he  doubl e  of  t he  U-va l ue  of  t he  e nc l os ur e  e l e me nt , a nd t he y s ha l l  r e s pe c t  t he  
l e ga l  ma xi mum i mpos e d. T hi s  i s  a n i mpor t a nt  i mpos i t i on, a s  i t  wa s  e s t i ma t e d t ha t  t he  t he r ma l  
br i dge s  a r e  t he  r e s pons i bl e  f or  20 %  of  t he  f i na l  t he r ma l  e ne r gy c ons umpt i on ( V a l é r i o, 2007) . 
On t he  ot he r  ha nd, i t  i s  t he  f i r s t  r e gul a t i on t ha t  obl i ga t e s  t he  i nt r oduc t i on of  1 m 2 / pe r s on of  
s ol a r  t he r ma l  pa ne l s  f or  he a t i ng s a ni t a r y wa t e r s , r e duc i ng t he  e ne r gy c ons umpt i on. 
T o c onc l ude  t hi s  r e vi e w of  t he  r e gul a t i on, s e ve r a l  a ut hor s  c onc l ude  t he  f a c t  t ha t  t he  c a l c ul a -
t i on me t hodol ogy i s  a  good e s t i ma t i ve , whe n c ompa r e d wi t h t he  r e s ul t s  of  t he  us a ge  of  s i mul a -
t i on t ool s  s uc h a s  Energyplus , equest  a nd VisualDOE  ( Si l va  e t  a l ., 2007;  Si l va , e t  a l . 2009) . 
T hi s  pa pe r  wi l l  e va l ua t e  t he s e  pa r a me t e r s  of  t he  RCCT E. T he r e f or e , i t  wi l l  c onc l ude  i f  t he y 
a r e  a de qua t e  t o t he  s us t a i na bi l i t y pr i nc i pl e s  a nd f or  wha t  s ol ut i ons  i t  i s  l e a di ng t o.  
4 CASE-ST UDY 
T he  l a s t  c ha pt e r  f i ni s he d wi t h t he  a i m of  t he  a na l ys e s  de ve l ope d i n t hi s  pa pe r  – ve r i f y i f  t he  i m-
pos i t i ons  of  t he  RCCT E a r e  we l l  pr opos e d t o a c hi e ve  a  s us t a i na bl e  c ons t r uc t i on. T o a c c ompl i s h 
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i t , t hi s  s t udy wi l l  be  ba s e d on a  bui l di ng de ve l ope d by Li de r A Ar c hi t e c t ur e  T e a m – t he  HEX A 
Bui l di ng. 
 T hi s  bui l di ng a ppe a r e d f r om a n a r c hi t e c t ur e  c ompa r i s on s t udy of  s e ve r a l  e xi s t i ng bui l di ngs  
i n Li s bon, Opor t o a nd Fa r o, s o i t  c oul d be  s i mi l a r  t o t he  c ommon c ons t r uc t i ve  a nd a r c hi t e c t ur e  
pr a c t i c e . 
In f a c t , i t  doe s  not  e xi s t ;  i t  i s  a  de s i gn f r om a  bui l di ng t ype , i ns e r t e d i n a  bl oc k of  hous e s , a l s o 
de ve l ope d by Li de r A. T hi s  i s  not  a  pr obl e m be c a us e  t he  HEX A a i m i s  not  t o be  c ons t r uc t e d, but  
t o t e s t  s e ve r a l  s us t a i na bl e  me a s ur e s  t ha t  c oul d be  i mpl e me nt e d t o i mpr ove  i t s  e nvi r onme nt a l  
pe r f or m. 
T hi s  wa y, i t  wa s  c hos e n a  hi ghe s t  f l oor  dwe l l i ng wi t h no a dj a c e nt  bui l di ng ( T 3) , t o c ons i de r -
e r  t he  wor s t  t he r ma l  s i t ua t i on. It s  de s i gn dr a wi ng c oul d be  s e e n on t he  Fi gur e  1, e xpos e d a s  f ol -
l ows :  
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 .  Ca se -stud y d we lling ( it wa s c ho se n the  le ft o ne )  
5 SENSIBLE ANALISYS 
5.1 Base HEXA 
K now n t he  a r c hi t e c t ur e , t he  ne xt  s t e p i s  t o de f i ne  HEX A t he r ma l  c ha r a c t e r i s t i c s , t o c a l c ul a t e  i t s  
e ne r ge t i c  c ons umpt i on. T he r e f or e , i t  i s  f ol l owe d pr e s e nt e d t he  T a bl e  1, whi c h de s c r i be s  t he  
pr i nc i pa l  pa r a me t e r s  c ons i de r e d i n t he  Ba s e  HEX A, e s t i ma t e d i n or de r  t o a c c ompl i s h t he  r e gu-
l a t i on mi ni mums :  
 
 
T a b le  1 .  P r inc ip a l the r ma l c ha r a c te r istic s o f the  B a se  H E X A 
Cha r a c te r istic  D e sc r ip tio n  V a lue  
Lo c a tio n  Lisb o n  Zo ne  I 1  V 2  
Altitud e   -  h= 1 0 0  m  
E xte r na l wa lls  D o ub le  b r ic k 0 . 1 1 + 0 . 1 5  U = 0 . 9 6  W /m 2o C  
I nte r na l c o nc r e te  wa lls to  Lna  Co nc r e te  +  3 c m o f o utsid e  X P S  U = 0 . 8 6  
R o o f  P la in ga r d e ne r  r o o f +  3  c m X P S   U = 0 . 7 8  W /m 2o C  
T he r ma l I ne r tia  Str o ng  I t= 7 0 5 . 3 4  kg/m 2  
G la z ing wind o ws  ( s lid ing )  M e ta l fr a me ,  d o ub le  gla z ing  U = 3 . 1  W /m 2o C  
So la r  o r ie nta tio n  N ( kitc he n)  –  S( liv ing r o o m)  -  
V e ntila tio n  N a tur a l ve ntila tio n ( N P  1 0 3 7 - 1 )  Rp h= 0 . 6  
So la r  p a ne ls *  1 m 2 /p e r so n  A= 4  m 2  E sola r  = 2 5 2 7  kW h/a no   
Co nve ntio na l wa te r  he a ting syst.  G a s wa te r - he a te r   ηa = 0 . 5  
H e a ting syste m  E le c tr ic a l r e sista nc e   ηi = 1 . 0  
Co o ling syste m  Fr e e z e r  ma c hine  ( a b so r p tio n c yc le )    ηv = 0 . 8  
*I t wa s no t d ir e c tly use d  the  so ftwa r e  Solterm ,  b ut a n e stima tive  fr o m o n Ro d r igue s e t a l. ( 2 0 0 9 ) .  I n this 
r e fe r e nc e  it wa s c o nsid e r e d  η= 0 . 8 0 ,  So uth o r ie nta tio n,  no  sha d o w,  a  4 5 o  inc lina tio n,  a  lo sse s c o e ffic ie nt 
e q ua ls to  3 . 8  W /m 2o C a nd  a  d e p o sit with 2 0 0  L ( with a  lo sse s c o e ffic ie nt e q ua ls to  1  W /m 2o C) .  
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W i t h t he s e  c ha r a c t e r i s t i c s , t he  e ne r gy ne e ds  of  t he  Ba s e  HEX A we r e  c a l c ul a t e d a s  f ol l ows  
( T a bl e  2) :  
  
 
T a b le  2 .  E ne r gy ne e d s o f B a se  H E X A 
E ne r ge tic  N e e d  kW h/m 2 . ye a r  k ge p /m 2 . ye a r  
N ic  ( N i= 5 8 . 6 5  kW h/m 2 . ye a r )  5 8 . 0 3  1 . 6 8 3  
N vc  ( N v= 3 2 . 0 0  kW h/m 2 . ye a r )  6 . 8 5  0 . 2 1 8  
N a c  ( N a = 3 7 . 9 5  kW h/m 2 . ye a r )  2 8 . 7 7  2 . 4 7 4  
N tc  ( N t= 5 . 9 4  kge p /m 2 . ye a r )  9 3 . 6 5  4 . 4 0 5  
 
Cons e que nt l y, t he  e ne r ge t i c  c l a s s  of  t hi s  dwe l l i ng i s  a  B c l a s s  ( R= 0.742) , ne a r l y a  B- c l a s s . 
In t he  ne xt  s ub-c ha pt e r s , i t  wi l l  be  s t udi e d pa r a me t r i c a l l y s ome  s us t a i na bl e  me a s ur e s , pr e -
di c t e d i n t he  RCCT E, l i ke  i t  wa s  e xpl a i ne d pr e vi ous l y. T hi s  wa y, t he r e  wi l l  be  c ompa r e d di f f e r -
e nt  t he r ma l  i ns ul a t i ons , di f f e r e nt  s ol a r  or i e nt a t i ons , di f f e r e nt  wi ndow s ol ut i ons  a nd, f i na l l y, t he  
a c t i ve  s ys t e ms . 
At  t he  e nd, a l l  of  t he  be s t  me a s ur e s  wi l l  be  s umme d t o s e e  how s us t a i na bl e  t he  f i na l  HEX A 
i s . 
5.2 Thermal insulated HEXA 
Dur i ng t hi s  s e ns i bl e  a na l ys i s , t he r e  we r e  s t udi e d 3+ 1 di f f e r e nt  ki nds  of  s ol ut i ons  a l l  of  t he m us -
i ng X PS. T he  f i r s t  one  wa s  i nt e r na l  3 c m i ns ul a t i on, t he  s e c ond 3 c m i n t he  i nt e r i or  of  t he  
doubl e  wa l l , t he  ne xt  one  e xt e r na l  3 c m i ns ul a t i on. 
Fi na l l y, a s  t he  e xt e r na l  i ns ul a t i on ha s  t he r ma l  i ne r t i a  a dva nt a ge s , i t  wa s  pr opos e d a not he r  
one  – e xt e r na l  6 c m i ns ul a t i on – t o c onc l ude  a bout  a  doubl e  t hi c kne s s  i nc r e a s e  of  t he  be s t  t he r -
ma l  i ns ul a t i on s ol ut i on.  
T o r e por t  t he  obt a i ne d va l ue s , i t  i s  f ol l owi ng e xpos e d t he  T a bl e  3:  
 
 
T a b le  3 .  E n e r gy ne e d s o f the r ma l insula te d  so lutio ns  
So lutio n N ic  ( kW h/m 2 . ye a r )  
N vc  
( kW h/m 2 . ye a r )  
N a c  
( kW h/m 2 . ye a r )  
N tc  
( kge p /m 2 . ye a r )  
E ne r ge tic  
Cla ss  
I nte r na l 3  c m *  5 5 . 2 0  6 . 7 0  2 8 . 7 7  4 . 3 2  B  
M id d le  3  c m  5 1 . 0 6  6 . 8 2  2 8 . 7 7  4 . 2 0  B  
E xte r na l 3  c m *  5 0 . 4 8  6 . 9 5  2 8 . 7 7  4 . 1 9  B  
E xte r na l 6 c m * ; **  4 5 . 3 9  6 . 6 2  2 8 . 7 7  4 . 0 3  B  
B a se  H E X A  5 8 . 0 3  6 . 8 5  2 8 . 7 7  4 . 4 1  B  
 * T he  e xte r na l wa lls a r e  with o nly o ne  b r ic k 0 . 2 2  
** T he  inte r na l c o nc r e te  wa lls to  Lna  a r e  e xte r na l insula te d  with 6  c m o f X P S 
 
Cons e que nt l y, t he  be s t  c hoi c e  i s  t he  e xt e r na l  i ns ul a t i on wi t h 6 c m of  X PS. 
5.3 HEXA with different solar orientations 
T he  HEX A ba s e  i s  or i e nt e d a s  N ( ki t c he n)  – S ( l i vi ng r oom) . In t hi s  pa r a gr a ph t he r e  wi l l  be  
s t udi e d ot he r  s e ve n or i e nt a t i ons , di s pos e d i n t he  T a bl e  4, whe r e  K  me a ns  ki t c he n a nd L me a ns  
l i vi ng r oom:  
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T a b le  4 .  E ne r gy ne e d s o f d iffe r e nt H E X A so la r  o r ie nta tio ns  
So lutio n N ic  ( kW h/m 2 . ye a r )  
N vc  
( kW h/m 2 . ye a r )  
N a c  
( kW h/m 2 . ye a r )  
N tc  
( kge p /m 2 . ye a r )  
E ne r ge tic  
Cla ss  
S( K )  –  N ( L)  5 6 . 5 3  7 . 3 4  2 8 . 7 7  4 . 3 8  B  
E ( K )  –  W ( L)  5 8 . 2 6  1 0 . 8 9  2 8 . 7 7  4 . 5 6  B -  
E ( L)  –  W ( K )  5 8 . 2 6  1 0 . 0 5  2 8 . 7 7  4 . 5 3  B -  
SE ( K )  –  N W ( L)  5 7 . 3 4  9 . 5 9  2 8 . 7 7  4 . 4 8  B -  
SE ( L)  –  N W ( K )  5 8 . 5 8  8 . 9 8  2 8 . 7 7  4 . 5 0  B -  
SW ( K )  –  N E ( L)  5 7 . 3 4  9 . 5 0  2 8 . 7 7  4 . 4 8  B -  
SW ( L)  –  N E ( K )  5 8 . 5 8  9 . 5 3  2 8 . 7 7  4 . 5 2  B -  
B a se  H E X A  5 8 . 0 3  6 . 8 5  2 8 . 7 7  4 . 4 1  B  
Co nse q ue ntly,  the  b e st c ho ic e  is the  S ( kitc he n)  –  N  ( living r o o m) .  
5.4 HEXA with different window solutions 
T he  wi ndows  of  t he  Ba s e  HEX A a r e  doubl e  gl a zi ng wi ndows  wi t h 6 mm of  a i r  s pa c i ng, wi t h 
me t a l  f r a me . In t hi s  poi nt , t he r e  wi l l  be  s e e n t he  t he r ma l  i nc r e a s e s  of  t he  a i r  s pa c i ng ( 16 mm) , 
of  t he  t he r ma l  c ut  ( me t a l  a nd 6 mm of  a i r  s pa c i ng) , of  t he  pl a s t i c  f r a me  ( 6 mm of  a i r  s pa c i ng)  
a nd, f i na l l y, t he  be s t  s ol ut i on, t ha t  i s  t he  pl a s t i c  f r a me  wi t h 16 mm of  a i r  s pa c i ng. 
T he s e  me a s ur e s  c a n be  c ompa r e d i n t he  T a bl e  5, e xpos e d a s  f ol l ows :  
 
 
T a b le  5 .  E ne r gy ne e d s o f d iffe r e nt H E X A wind o w so lutio ns  
So lutio n N ic  ( kW h/m 2 . ye a r )  
N vc  
( kW h/m 2 . ye a r )  
N a c  
( kW h/m 2 . ye a r )  
N tc  
( kge p /m 2 . ye a r )  
E ne r ge tic  
Cla ss  
1 6  mm o f a ir  sp c .  5 7 . 1 6  6 . 9 7  2 8 . 7 7  4 . 3 8  B  
T he r ma l c ut  5 6 . 3 0  7 . 0 9  2 8 . 7 7  4 . 3 6  B  
P la stic  fr a me  5 5 . 0 0  7 . 2 8  2 8 . 7 7  4 . 3 3  B  
B e st so lutio n  5 3 . 7 1  7 . 4 7  2 8 . 7 7  4 . 3 0  B  
B a se  H E X A  5 8 . 0 3  6 . 8 5  2 8 . 7 7  4 . 4 1  B  
5.5 HEXA with some active systems 
Dur i ng t hi s  wor k, t he r e  we r e  s t udi e d s ome  a c t i ve  me a s ur e s  l i ke  t he  us e  of  be t t e r  s ol a r  t he r ma l  
pa ne l s  ( B. s . t . p.) , t he  us e  of  a n e l e c t r i c a l  t he r mo a c c umul a t or  wi t h 100 mm of  t he r ma l  i ns ul a -
t i on, t he  us e  of  one  he a t i ng a nd c ool i ng pump, t he  us e  of  a  hous e  a ut oma t i on s ys t e m t ha t  c a n 
c ont r ol  t he  i ndoor  t e mpe r a t ur e  a nd f i xi ng i t  0,5 o C l owe r  t ha n t he  RCT T E i n t he  wi nt e r , a nd a  
phot ovol t a i c  pa ne l , pr oduc i ng e ne r gy f or  t he  f r i dge . 
W he n us i ng onl y t he  RCCT E ( t he  a i m of  t hi s  pa pe r ) , i t  wa s  not  pos s i bl e  t o c ons i de r  t he  ne w 
i ndoor  t e mpe r a t ur e , t ha t  c oul d r e duc e  t he  e ne r ge t i c  ne e ds . On t he  ot he r  ha nd, l i ke  t he  phot ovol -
t a i c  pa ne l  i s  not  us e d, ne i t he r  t o pr e pa r e  s a ni t a r y wa t e r s , nor  t o pr oduc e  he a t i ng, i t  wa s  not  
pos s i bl e  t o c ons i de r  t hi s  e ne r ge t i c  ga i n i n t he  RCCT E. T he r e f or e , t he  c ons umpt i ons  of  t he s e  
t wo me a s ur e s  a r e  t he  s a me  a s  t he  Ba s e  HEX A.  
T he  ot he r  r e s ul t s  of  t hi s  a na l ys i s  c a n be  s e e n i n t he  ne xt  t a bl e  ( T a bl e  6) :  
 
 
T a b le  6 .  E ne r gy ne e d s o f d iffe r e nt H E X A a c tive  me a sur e s  
So lutio n N ic  ( kW h/m 2 . ye a r )  
N vc  
( kW h/m 2 . ye a r )  
N a c  
( kW h/m 2 . ye a r )  
N tc  
( kge o /m 2 . ye a r )  
E ne r ge tic  
Cla ss  
B .  s.  t.  p . *  5 8 . 0 3  6 . 8 5  9 . 8 1  2 . 7 7  A  
T he r mo  a c .  5 8 . 0 3  6 . 8 5  5 . 5 4  2 . 4 1  A  
h.  c .  p ump  5 8 . 0 3  6 . 8 5  2 8 . 7 7  2 . 9 6  A  
B a se  H E X A  5 8 . 0 3  6 . 8 5  2 8 . 7 7  4 . 4 1  B  
  * I t wa s no t use d  the  so ftwa r e  Solterm ,  so  this d a ta  is o nly a n e stima tive ,  c o nsid e r ing tha t 8 0  % o f the  sa -
nita r y ho t wa te r s a r e  p r o d uc e d  b y so la r  the r ma l syste ms.  
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Cons e que nt l y, t he  be s t  c hoi c e  i s  t o us e  a  t he r mo a c c umul a t or  wi t h 100 mm of  t he r ma l  i ns ul a -
t i on a nd t o us e  a  he a t i ng a nd c ool i ng pump. 
5.6 Final HEXA 
T o c onc l ude  t he  s e ns i bl e  a na l ys i s , a l l  of  t he  be s t  me a s ur e s  e xpl a i ne d a bove  we r e  s umme d i n a  
s e que nc e  of  t hr e e  s t e ps . Fi r s t l y, onl y t he  pa s s i ve  me a s ur e s , t he n, onl y t he  a c t i ve  me a s ur e s , a nd, 
f i na l l y t he  Fi na l  HEX A, wi t h a l l  t he  me a s ur e s . T hus , t he  f i na l  e ne r ge t i c  ne e ds  a r e  de s c r i be d i n 
t he  T a bl e  7:  
 
 
 
T a b le  7 .  E ne r gy ne e d s o f the  Fina l H E X A  
So lutio n N ic  ( kW h/m 2 . ye a r )  
N vc  
( k W h/m 2 . ye a r )  
N a c  
( kW h/m 2 . ye a r )  
N tc  
( kge o /m 2 . ye a r )  
E ne r ge tic  
Cla ss  
P a ssive  H E X A  3 9 . 6 7  7 . 8 2  2 8 . 7 7  3 . 9 1  B  
Ac tive  H E X A  5 8 . 0 3  6 . 8 5  5 . 5 4  0 . 9 6  A+  
Fina l H E X A  3 9 . 6 7  7 . 8 2  5 . 5 4  0 . 8 4  A +  
B a se  H E X A  5 8 . 0 3  6 . 8 5  2 8 . 7 7  4 . 4 1  B  
6 DISCUSSION OF RESULT S 
W he n a na l yzi ng t he  obt a i ne d r e s ul t s , i t  c a n be  c onc l ude d t ha t  t he  onl y us e  of  Ac t i ve  Sys t e ms  
c a n c ha nge  a  c l a s s  f r om a  B ( ne a r l y a  B-)  i nt o a  c l a s s  A+ . On t he  ot he r  ha nd, t he  c or r e c t  us e  of  
a  s ol a r  or i e nt a t i on, c a n, a l s o, c ha nge  t he  c l a s s  of  t he  dwe l l i ng. In f a c t , t he  or i e nt a t i ons  
S( ki t c he n)  – N( Li vi ng r oom)  a nd S( Li vi ng r oom)  – N( ki t c he n)  we r e  t he  onl y t wo B c l a s s e s , a l l  
t he  ot he r  one s  we r e  B- c l a s s e s . 
Compa r i ng t he  t wo S-N s ol ut i ons , t he  be s t  t he r ma l  r e gul a t i on s ol ut i on i s  obt a i ne d whe n 
or i e nt i ng t he  ki t c he n t o Sout h a nd t he  Li vi ng Room t o Nor t h, whi c h i s  a  wr ong a r c hi t e c t ur e  
c hoi c e , a nd a l s o t he r ma l , be c a us e  t he  ki t c he n i s  t he  r oom t ha t  pr oduc e s  mor e  he a t  i n t he  wi nt e r .  
W he n c ompa r i ng t he  3 c m X PS t he r ma l  i ns ul a t i on, t he r e  i s  a  4.72 kW h/ m 2o C di f f e r e nc e  i n 
wi nt e r  ne e ds  be t w e e n t he  i nt e r na l  i ns ul a t i on a nd t he  e xt e r na l  i ns ul a t i on t ha t  c a n be  e xpl a i ne d 
wi t h t he  t he r ma l  l i ne a r  br i dge s , whi c h a r e  be t t e r  t r e a t e d i n t he  s e c ond s ol ut i on, t ha n i n t he  f i r s t  
one . T he  Nvc  a r e  ve r y s i mi l a r  i n t he  f our  s ol ut i ons  e xpe r i me nt e d. 
Re l a t e d t o t he  wi ndows  a na l ys i s , t he  onl y us e  of  a  be t t e r  t he r ma l  s ol ut i on ( doubl e  gl a zi ng 
wi t h 16 mm of  a i r  s pa c i ng a nd a  pl a s t i c  f r a me ) , r e duc e d t he  c ons umpt i on i n 0.11 kge o. 
Howe ve r , i s  t he  us e  of  muc h mor e  e f f i c i e nt  a c t i ve  s ys t e ms  t ha t  pr oduc e s  a  gr e a t  c ha nge  i n 
t he  dwe l l i ng’ s  c l a s s , e i t he r  t he  t he r mo a c c umul a t or , or  be t t e r  s ol a r  pa ne l s , or  a  he a t i ng a nd 
c ool i ng pump, c ha nge d t he  c l a s s  f r om B t o A. 
In or de r  t o s umma r y t hi s  a na l ys i s , t he  f ol l owi ng Fi gur e s  2 a nd 3 de s c r i be  t he  e vol ut i on of  t he  
HEX A bui l di ng dur i ng t he  s t udy:  
 
 
   
 
 
 
 
 
 
 
 
 
Figur e  2 .  E ne r ge tic  ne e d s           Figur e  3 .  E ne r ge tic  c o nsump tio n 
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7 CONCLUSIONS 
In t hi s  pa pe r  i t  wa s  ma de  a  s e ns i bl e  a na l ys i s , t e s t i ng pa s s i ve  a nd a c t i ve  pa r a me t e r s , us i ng t he  
HEX A bui l di ng. It s  a i m wa s  t o c onc l ude  i f  t he  Por t ugue s e  Ene r ge t i c  Ce r t i f i c a t i on Sys t e m of  
Bui l di ngs  ( SCE)  i s  i n f a c t  a n e f f i c i e nt  t ool  t o a c hi e ve  t he  s us t a i na bi l i t y. 
As  i t  wa s  s e e n i n t he  l a s t  c ha pt e r , i t  i s  pos s i bl e  t o ha ve  a n A+  c l a s s , us i ng t he  t he r ma l  mi ni -
mums  i mpos e d ( Ac t i ve  HEX A) . T hi s  wa y, i t  i s  pos s i bl e  t o c ons t r uc t  wi t hout  t he  bi oc l i ma t i c  
pr i nc i pl e s , onl y us i ng e f f i c i e nt  a c t i ve  s ys t e ms , t ha t  t he  dwe l l i ng be c ome s  a n A+  c l a s s . 
On t he  ot he r  ha nd, t he  Pa s s i ve  HEX A ha s  a  Ni c = 39.67 kW h/ m 2 .ye a r  a nd a  
Nvc = 7.82kW h/ m 2 .ye a r . T he s e  va l ue s  a r e  f a r  f r om t he  Pa s s i ve  Hous e  Nor m, whe r e  i t  i s  s a i d t ha t  
i s  pos s i bl e  t o c ons t r uc t  a  bui l di ng wi t h a  Ni c = 5.9 kW h/ m 2 .ye a r  a nd a  Nvc = 3.7 kW h/ m 2 .ye a r . 
M or e ove r , whe n j oi ni ng i t  wi t h t he  a c t i ve  me a s ur e s , t he  dwe l l i ng ha s  a  0.84 kge p/ m 2 .ye a r  
e ne r gy c ons umpt i on, s t i l l  f a r  f r om t he  ze r o e ne r gy c ons umpt i on a nd c a r bon e mi s s i ons  ( but  
muc h be t t e r  t ha n t he  ba s e  HEX A – 4.41 kge p/ m 2 .ye a r ) . 
T he r e f or e , i t  c a n be  c onc l ude d t ha t , i n t hi s  c a s e , t he  SCE i s  a c hi e vi ng a  we a k s us t a i na bi l i t y, 
de s c r i be d i n c ha pt e r  2, but  ha s  t o be  c ha nge d i n or de r  t o a c hi e ve  t he  s t r ong s us t a i na bi l i t y. In 
f a c t , i t  wa s  de s c r i be d a bove  t ha t  i t  i s  pos s i bl e  t o c r e a t e  a  bui l di ng wi t h ne a r l y ze r o t he r ma l  c on-
s umpt i ons  ( Nvc  a nd Ni c ) , whi c h c ompl e me nt e d wi t h e f f i c i e nt  a c t i ve  s ys t e ms  c a n l e a d t o a  ze r o 
c ons umpt i on bui l di ng. 
As  t he  s t r ong s us t a i na bi l i t y wa s  t he  de f i ni t i on a dopt e d i n t hi s  pa pe r  t o de s c r i be  t he  bui l di ngs  
s us t a i na bi l i t y, t he  SCE doe s  not  l ook f or  i t . Howe ve r  i t  i s  a  good i ni t i a l  s t e p, be c a us e  i t  s e a r c he s  
t he  we a k s us t a i na bi l i t y, s o i t  ne e ds  a  f ur t he r  modi f i c a t i on t o s e e k t he  ne xt  s us t a i na bl e  l e ve l . 
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 1 INTRODUCTION 
 
Millions of tons of chromium wastes are discharged from tanning, electroplating, wood treatment, 
metallurgy and plating industries each year (EPA United States, 2000). Sites adjacent to these in-
dustries could be highly contaminated with Hexavalent Chromium and the only reason for that is 
the improper handling of wastes from these industries. Excess deposits of hexavalent chromium 
in the fields can impose major risks to human and livestock occupying the surrounding area (Al-
loway, 1995;  Bell, S. & McGillivray 2007). These areas could be identified as areas with a high 
potential for groundwater contamination since they impose a great risk to potable supplies of the 
surrounding ecosystem. Hence, there is an emerging need to develop a treatment method to mini-
mize the risk of chromium contaminated land. As such, environmentally motivated remediation 
efforts have become increasingly relevant to solve this problem. 
Treatment techniques such as Solidification and Stabilization (S/S) are becoming increasingly 
important in the contaminated land sector while they increase awareness of the environmental im-
pact arising from its activities and resulting materials. The principal behind the S/S technology is 
based on its ability to reduce or even eliminate the mobility of hazardous contaminants -within a 
hazardous waste stream- while its effectiveness is measured via the application of leaching tests 
in the final material. Environmentally acceptable S/S materials can also be used for construction 
purposes such as bricks for pavements, secondary road sub-base systems, car park facilities and 
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The aim of this study was to investigate the effect of a secondary binder (Geosta) as a stabilizer 
on the geotechnical properties of Cr+6 contaminated soils with the use of S/S technology and to 
evaluate the efficacy of different mix designs via the Static Diffusion Test. Artificial contamina-
tion with Cr+6 was applied in four representative samples of soil material, weighting approxi-
mately 15 Kg each. The initial chromium concentration per cube was estimated at 128.5 mg/l and 
all mix designs studied were shown to be capable of reducing hexavalent chromium concentra-
tions from 96 to 99%. The mix design which contained 400 g of Geosta, proved to be the most ef-
fective since the lowest release of chromium with maximum chromium retention (99.4%) was 
documented. Mix designs with 200 and 300 g of Geosta were considered to be successful in Cr+6 
immobilization (with a total of 99.1 and 99% retention ability, respectively), however it was 
proved that the quantity of secondary binder used in a mix design is not proportional to its chro-
mium retention capability. 
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many others. What seems to be of high importance prior to the implementation of S/S technology 
is the treatability study, during which the appropriate binder system is selected. The binder sys-
tem is site and contaminant specific and is dependent upon the properties of the end products, the 
nature of the material in use and the specific target values for the desired contaminant (Dermatas 
and Meng, 2003). 
In the current investigation, Geosta was chosen as a secondary stabilization agent and which ex-
ists in a powder form. It contains zeolites, alkalis and a mixture of other complex elements in mi-
nor concentrations and its chemical composition is shown on Table 1.  
Table 1. Chemical composition of Geosta 
Chemical  
Compound  Proportion (%) 
NH4Cl   5 
NaCl   20 
FeCl3   2 
C   1 
MgCl2   22 
KCl   25 
CaCl2   15 
Others   10 
Total   100 
 
An aqueous solution of Geosta liberates exchangeable ions including K+, Na+, Mg2+ and Ca2+ 
which through isomorphous substitution replace the R-OH and R-COOH ion groups in organic 
soils (Omotosho, 2005). When Geosta is used with Portland cement it enhances complete hydra-
tion and strength development (Paria et al, 2006). 
The main aims of this study were to investigate the effect of Geosta as a stabilizer on Cr (VI) ar-
tificial contaminated soil with the use of S/S technology and also to evaluate the efficacy of vari-
ous secondary binder quantities via the Static Diffusion Test (in accordance with the norm EA 
NEN 7375:2004 protocol).  
 
2 MATERIALS AND METHODS 
 
The experimental program for solidified and stabilized soils consisted of the combination of one 
primary binder (Portland cement) at stable quantity (5% by dry weight of the soil) and one inor-
ganic secondary binder (Geosta) at 1.3, 2 and 2.6 % (by dry weight of soil).  
 
For the purpose of this study, a known concentration of Chromium Hexavalent (Cr (VI)) (522 
mg/kg or 900 mg/l) was prepared in order to artificially contaminate 15 Kg of concrete sand 
(sandy soil). Solidification of the S/S specimens was achieved by adding Portland cement (type I 
35/A) while stabilization of the samples was attempted with the use of a commercially available 
product (Geosta). Various proportions of Geosta were tested in a total of three admixtures while 
their stabilization effectiveness (treatment performance) was determined via the Static diffusion 
test (tank test) and compared versus a cement-based S/S mixture.  Table 2 summarizes the mix 
design of the total 4 admixtures with Geosta being the only variable component. 
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Table 2. Mix design of each batch 
Mixtures Contained Materials Proportions 
Soil 15 Kg 
Portland Cement 750 g (5%) 
Chromium solution 522 mg/kg or 900 mg/l Mix No1 (Control) 
Water 1.2 litres  
Soil 15 Kg 
Portland Cement 750 g (5%) 
Chromium solution 522 mg/kg or 900 mg/l 
Water 1.2 litres 
Mix No2 
Geosta 200 g 
Soil 15 Kg 
Portland Cement 750 g (5%) 
Chromium solution 522 mg/kg or 900 mg/l 
Water 1.2 litres 
Mix No3 
Geosta 300 g 
Soil 15 Kg 
Portland Cement 750 g (5%) 
Chromium solution 522 mg/kg or 900 mg/l 
Water 1.2 litres 
Mix No4 
Geosta 400 g 
 
Standard proctor compaction tests were carried out on each composite soil-cement-geosta mix-
ture. Following the production of the S/S material, the compacted soil samples remained in the 
mould for an additional 24 hours (solidification stage) and then were placed in transparent poly-
ethylene bags in order to reduce/avoid moisture loss.  
In total 28 moulds of S/S treated material, were produced (7 moulds for each mix design). In-
cluding the duplicates, a total of eight (8) solidified cubes were selected to proceed to the next 
laboratory stage for the assessment of Cr (VI) leaching behavior. The solidified samples, were 
immersed in eight (8) different clear plastic containers, with W (mm): 240, H (mm): 180 and 
L(mm): 290 dimensions, which were filled with distilled water at a Liquid to Solid (L/S) ratio  
equal to 5. More specific, the volume of each specimen (100x100x100mm) was one (1) litre 
while the volume of the added distilled water was 5 litres.  According to the protocol, the water in 
each tank needed to be replaced eight times and at specified intervals. The times at which the wa-
ter had to be replenished were 0.25, 1.0, 2.25, 4.0, 9.0, and 16.0 days. Before, the scheduled re-
plenishments of water, leachant samples were obtained and the pH of the leachant was measured. 
The samples collected for chemical analysis, were preserved after collection in Envirobottles and 
at a temperature between 18 and 22oC. 
In total 48 samples were collected for further chemical analysis. 12 samples corresponded to 
each of the four (4) different mix designs, which in their turn represented 6 samples for each se-
lected S/S specimen.The presence of Cr(VI) in each sample was measured by Ultra Violet-visible 
(UV-Vis) Spectrophotometry. The spectrophotometric approach that was chosen relied on the 
specific reaction of Cr (VI) with 1.5-diphenylcarbazide (1.5-DPC). The colorimetric method is 
based on the oxidation of 1.5-DPC to diphenylcarbazone by Cr (VI), leading thus to the forma-
tion of a red-violet complex, while its absorbance is measured through UV/Vis spectrophotome-
try. When the reaction is performed in alkaline solution, Cr (VI) partially reacts with 1.5-DPC 
and a red color solution is produced. However, as the pH solution becomes lower, Cr (VI) is more 
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 inclined to oxidize another substance (Bone et al, 2004) and for this reason fully oxidation of 1.5-
DPC is achieved only in acidic solutions where the red-violet color is produced. For this reason 
samples were acidified with H2SO4 (pH~1) prior further analysis. This method measures only the 
presence of diphenylcarbazone complex (and therefore, Cr+6 concentrations) and conversion of 
trivalent to hexavalent chromium was not required. 
 
3 RESULTS AND DISCUSSION 
 
As part of the test procedure, pH, Cr (VI) concentration, Geosta variability and time cycles are 
compared and further discussed. The results of leaching tests are accompanied by table and figure 
presentations in order to interpret information in a quick and easy manner. For identification pur-
poses, samples that were tested for their leaching behavior were labeled as shown on Table 3, and 
they will be referred as such throughout this section. 
 
Table 3. Sample labeling 
Mixtures Sample Identifi-
cation* 
B1S1 Mix No1 
(No GEOSTA present) B1S2 
B2S1 Mix No2 
(200g of Geosta) B2S2 
B3S1 Mix No3 
(300g of Geosta) 
B3S2 
B4S1 Mix No4 
(400g of Geosta) B4S2 
 
3.1 pH variation 
The pH values in the static diffusion test in Table 4 show that there is not a considerable differ-
ence between the samples. The average pH values of the leachant throughout the tank test ranges 
between 10.7 and 11.7, presenting thus, much greater values than the initial pH of the distilled 
water (pH~7). Mix design parameters seem to not have any effect upon pH variation among the 
samples and the small differences in pH values could be attributed to the pore structure of the 
material surface.  
 
Table 4. Average pH values between 0.25 and 16 days. 
Sample Average pH 
B1S1 10.8 
B1S2 11.7 
B2S1 11.4 
B2S2 10.7 
B3S1 11.2 
B3S2 11.3 
B4S1 11.2 
B4S2 11.2 
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3.2 Hexavalent Chromium 
The leaching characteristics of hexavalent chromium  in the static diffusion test are very similar, 
between samples of the same group, in terms of the metal release versus time (Table 5).  
 
Table 5. Chromium Hexavalent concentrations (mg/l). 
Days 
GROUP Sample 
0.25 1 2.25 4 9 16 
B1S1 0.179 0.473 0.754 0.599 0.701 1.266 
B1 
B1S2 0.762 0.274 0.725 0.701 1.447 0.968 
B2S1 0.156 0.237 0.241 0.147 0.269 0.174 
B2 
B2S2 0.145 0.217 0.427 0.158 0.371 0.145 
B3S1 0.154 0.473 0.096 0.099 0.226 0.176 
B3 
B3S2 0.244 0.154 0.127 0.088 0.172 0.194 
B4S1 0.296 0.122 0.066 0.079 0.072 0.118 B4 
B4S2 0.439 0.127 0.09 0.057 0.109 0.099 
 
It is evident that the samples of group B4 showed a greater effectiveness in chromium immobiliza-
tion than the other three groups since they contained higher concentrations of hexavalent chro-
mium within their matrix. B4 samples demonstrated a uniform chromium release throughout the 
whole leaching procedure this could be taken as an evidence of almost identical preparation and 
curing conditions (Figure 1). 
 
Figure 1. Relation between the amount of leached hexavalent chromium (mg/l) and test duration (days), 
in Group B4 
 
The fact that group B4 showed an intense leaching status at the beginning of the test, followed by 
drastic chromium retention around the values of 0.1 mg/l can also be used as proof for the above 
statement. The initial increased presence of hexavalent chromium in the water could be attributed 
to either carbonation of the specimens or premature zeolite crystallization. The latter however, 
seems to be more probable since the quantity of Geosta contained within these specimens was 
greater than that of the B2 and B3 groups, for this reason it needed more time to reach full hydra-
tion. Portland cement requires 28 days (Bone et al, 2004) of curing in order to reach full hydra-
tion while Geosta 90 days. While curing time seemed to have affected the B4 group specimens, it 
was also evident that even a partial hydration (after 1.25 days of contact with the hydrating 
agent) of the Geosta powder was capable of immobilizing and “locking” the hexavalent chromium 
within its  
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zeolite matrix. The overall performance of B4 specimens in chromium retention can be seen in 
figure 2, which shows the accumulative leaching for all eight samples. 
 
 
Figure 2. Total Hexavalent chromium concentration versus Geosta quantity  
Since Group B4 maintained the overall chromium leaching level below 1 mg/l it can be argued 
that it achieved optimum performance in chromium retention. However, all four (4) mixture de-
signs managed to retain chromium contamination within the overall study quantitative target of 
25mg/kg Cr+6 (ICRL, 1987) while the most effective mixture was proved to be the one with 
400g of Geosta.  
 
Taking into consideration the almost identical leaching behavior of the B3S1 and B3S2 samples we 
can assume that faults during the material preparation were kept to a minimum. Furthermore 
study of Figure 3 which demonstrates the average daily leaching rate (ADLR) per each sample 
can support the above statement. The ADLR was calculated by dividing the accumulative chro-
mium concentrations of each sample, with the total duration (in days) of the leaching test. What 
was observed was that B3 samples exhibited an identical ADLR while B2 and B4 samples showed 
a small variation (between 0.05 and 0.07 mg/l/day). B1 group samples on the other hand, show a 
much greater deviation of 0.028 mg/l/day. Therefore, it could be argued that sample preparation 
and material density could play an influential role in the leaching behavior of S/S products. It is 
important to mention that ADLR values represent the chromium leakage rate only within the 
specified period of the test, since they do not reflect field conditions. The leaching rate of S/S 
field materials depends on more complicated mechanisms such as weathering and temperature 
therefore any data regarding ADLR values should be taken cautiously into consideration (Van 
Der Sloot, 1997). 
 
As it has been stated previously, the leaching characteristics of groups B2 and B3 can be consid-
ered an unexpected finding. Figure 3 demonstrates that the overall leaching performance of sam-
ple B2S1 proved to be more effective in chromium retention than samples B3S1 and B3S2. A possi-
ble explanation behind this result could lie within the sample preparation procedure, the 
carbonation effect, the correct performance of the leaching test or even the treatment period of the 
samples. For this reason, interpretation of the results for B2 and B3 groups should be made with 
caution since it requires further experimentation for the acquisition of a solid conclusion. 
 
In general, it cannot be assured that the overall effectiveness in chromium retention by the four 
(4) different mixture designs will be maintained when applying different test conditions. Different 
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test conditions may have implications on the surface area of S/S samples, leachant characteris-
tics, L/S ratio and/or pre-treatment of samples (Bone et al, 2004). Therefore, it needs to be stated 
that the results presented in this thesis are only valid for the specific conditions on which the 
methods (S/S and leaching test) were performed.    
 
Figure 3. Average daily leaching rate per each sample versus Geosta quantity. 
 
4 CONCLUSION 
 
S/S treatment is a very effective method in reducing potential hexavalent chromium leakage and it 
would be applicable primarily to sites where the principal risks concern humans and surrounding 
ecosystems. S/S treatment could be defined as a low-tech technology and it seems to be applica-
ble were relatively fine to granular materials are to be treated. 
All mix designs studied in this project have shown to be capable of reducing hexavalent chro-
mium concentrations by up to 99%. B1 mix design is the least effective when compared to the 
other three designs since it shows the largest release of chromium in both of its samples. On the 
other hand, B4 mixture is the most effective, presenting the lowest release of chromium amount 
and a maximum performance of 99.4% chromium retention.  
 Mix designs B2 and B3 were considered to be successful in hexavalent chromium immobiliza-
tion with a total of 99.1 and 99.0 retention ability, respectively. It was initially expected that the 
quantity of secondary binder would be proportional to its chromium retention capability. How-
ever, the tank leaching method revealed that both B3 samples demonstrated lower chromium 
“fixation” in comparison to B2S1. The weaker performance of B2S2 could indicate faults during 
the preparation and/or leaching procedure and for this reason a cautious approach is essential 
during the analysis of the obtained results.  
 Although pH variations tend to be one of the most important parameters that control leaching 
behavior of S/S materials, in the present study pH variations were not observed. The presence of 
the binders (Portland cement and Geosta) in the mix designs were considered responsible for the 
presence of the high alkaline pH environment. It is believed that the alkaline environment favored 
or accelerated the crystallization of the zeolite matrix of Geosta. 
Geosta binder systems can be considered as effective stabilizing agents in S/S treatment. In labo-
ratory conditions, the combination of 750g of Portland cement and 400g of Geosta was proven to 
be the most effective mix design regarding chromium retention. This observation however was 
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noted in comparison with the other three (3) mixtures. The addition of 200g and 300g of Geosta 
was found to be less effective when compared to that of 400g.   
 Faults during the preparation, leaching assessment and chemical analysis of the samples, could 
affect their behavior and alter their physical and chemical properties. Regarding the sample 
preparation procedure, these faults could be related to inappropriate compaction, ineffective plas-
tic bag sealing, unintentional plastic bag damage during material transportation, incorrect sample 
storage temperature and/or short curing period. In relation to the tank leaching test, errors might 
have occurred during water replenishments lading to prolonged contact of the sample with atmos-
pheric CO2 (carbonation effect). The case of leachant aeration by an unintentional container lid 
removal could also be considered, although it is unlikely.  Finally, in relation to sample chemical 
analysis, the prolonged preservation of the samples could lead to pH alterations, which in their 
turn could result in changes in the relative concentrations of the oxidation states of chromium. 
 Hexavalent chromium was successfully incorporated within the C-S-H matrix of Portland ce-
ment and the addition of Geosta powder in the mixture designs, demonstrated a further incorpora-
tion of hexavalent chromium in the zeolite crystals of Geosta.  
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 1 INT RODUCT ION 
Inc r e a s i ng a wa r e ne s s  of  t he  e nvi r onme nt a l  c ons e que nc e s  f or  huma n a c t i vi t i e s  t r i gge r e d a  
gr owi ng c onc e r n a bout  t he  a va i l a bi l i t y of  na t ur a l  r e s our c e s  a nd t he  f ut ur e  of  our  pl a ne t . T he  
de c r e a s e  of  f os s i l  f ue l  r e s e r ve s  a nd t he  e f f e c t s  on wor l d c l i ma t e  a s  a  r e s ul t  of  gl oba l  wa r mi ng 
a c t e d a s  a n i ns t i ga t or  f or  a  di s c us s i on t ha t  be ga n i n t he  90’ s  a nd c ont i nue d unt i l  our  da ys . M a ny 
de f i ni t i ons  of  s us t a i na bl e  de ve l opme nt  ha ve  e me r ge d i n t he  l i t e r a t ur e  but  t he  mos t  c ommonl y 
us e d i s  t he  one  t ha t  r e s ul t  f r om t he  Uni t e d Na t i ons  r e por t  Age nda  21:  “ de ve l opme nt  t ha t  me e t s  
t he  ne e ds  of  t he  pr e s e nt  wi t hout  c ompr omi s i ng t he  a bi l i t y of  f ut ur e  ge ne r a t i ons  t o me e t  t he i r  
own ne e ds ”  [ Bour de a u, 1999] . 
T he  bui l t  e nvi r onme nt , a s  a  c ons e que nc e  of  he a t i ng, c ool i ng a nd l i ght ni ng ne c e s s i t i e s , 
r e pr e s e nt s  a n i mpor t a nt  pa r t  of  t he  gl oba l  e ne r gy i nt a ke . T he  e ne r gy de ma nde d f or  he a t , c ool  
a nd ve nt i l a t i on i s  de f i ne d a s  ope r a t i ona l  e ne r gy, t he  e ne r gy r e qui r e d t o pr oduc e  bui l di ng ma t e -
r i a l s  a nd c ompone nt s  ( r a w ma t e r i a l s  e xt r a c t i on, t r a ns por t  a nd ma nuf a c t ur e )  i s  de s i gna t e d a s  
e mbodi e d e ne r gy [ Pa ul s e n, 2001] . T he  e ne r gy de ma nd de pe nds  on how we l l  t he  bui l di ng i s  i n-
s ul a t e d a nd a  pr ope r  s e l e c t i on of  t he  i ns ul a t i on ma t e r i a l  c a n be  c r uc i a l  i n r e duc i ng t he  ope r a -
t i ona l  c os t s . It  i s  pos s i bl e  t o bui l d a  mor e  s us t a i na bl e  a nd c os t -e f f e c t i ve  ma nne r  by r e duc i ng t he  
e nvi r onme nt a l  l oa ds . Es t a bl i s hi ng a  s e t  of  uni ve r s a l  c r i t e r i a  t ha t  r e ma i n a ppl i c a bl e  f or  t he  mos t  
c ommonl y us e d bui l di ng ma t e r i a l s  i s  s t i l l  one  of  t he  gr e a t  c ha l l e nge s  i n t hi s  f i e l d of  r e s e a r c h. 
Se l e c t  i ns ul a t i on ma t e r i a l s  t ur n out  t o be  a  c ompl e x t a s k a nd t o s uppor t  t he  de c i s i on pr oc e s s , 
nume r ous  a s s e s s me nt  t ool s  ha ve  be e n de ve l ope d [ Pa pa dopoul os , 2007] . 
S electin g  in s u latin g  b u ild in g  materials  tro u g h  an  as s es s men t to o l 
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ABST RACT :  Bui l di ngs  a r e  r e s pons i bl e  f or  a  l a r ge  c ons umpt i on of  e ne r gy a nd t he  mos t  
s i gni f i c a nt  pa r t  i s  c ons ume d f or  he a t i ng a nd c ool i ng. T he r e  i s  a n i nc r e a s i ng a wa r e ne s s  
r e ga r di ng t he  f i na nc i a l  a nd e c ol ogi c a l  be ne f i t s  t ha t  bui l di ng e nvi r onme nt a l  a s s e s s me nt  t ool s  
of f e r  t o t he  c ons t r uc t i on i ndus t r y.  
T hi s  pa pe r  pr e s e nt s  a n e nvi r onme nt a l  a nd e c onomi c a l  e va l ua t i on a nd c ompa r i s on of  di f f e r e nt  
e xt e r i or  t he r ma l  i ns ul a t i on f oc us i ng on t he  i ns ul a t i on ma t e r i a l s  s e l e c t i on. An a s s e s s me nt  t ool  
wa s  a ppl i e d t o a  t r a di t i ona l  i ns ul a t e d c a vi t y br i c k wa l l  a nd t o t he  Ext e r na l  T he r ma l  Ins ul a t i on 
Compos i t e  Sys t e ms  ( ET ICS)  us i ng di f f e r e nt  i ns ul a t i ng ma t e r i a l s  ( na t ur a l  a nd s ynt he t i c ) . Us i ng 
a  s pe c i f i c  e va l ua t i on me t hod t he  i nf l ue nc e  of  t he  t he r ma l  i ns ul a t i on ma t e r i a l  c hoi c e  wa s  
a s s e s s e d r e ga r di ng t he  he a t i ng e ne r gy c ons umpt i on, t he  e nvi r onme nt a l  i mpa c t  a nd t he  ma i n c os t  
or  be ne f i t  i n t he  di f f e r e nt  wa l l  s ys t e ms . T he  r e s ul t , i n t he  f or m of  a  s c or e  s ys t e m, e na bl e s  t o 
pe r f or m a  mor e  a de qua t e  c ompa r i s on a nd s e l e c t i on of  bui l di ng i ns ul a t i ng ma t e r i a l s . 
T hi s  s t udy i nt e nds  not  onl y t o a s s e s s  t he  e nvi r onme nt a l  i mpa c t  of  di f f e r e nt  i ns ul a t i ng ma t e r i a l s , 
but  a l s o a na l yze  t he  i mpa c t  of  c hoos i ng na t ur a l  ma t e r i a l s .  
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Ba s e d on t he  r e vi e w of  s e ve r a l  l i f e  c yc l e  a s s e s s me nt  me t hods , i t  i s  pos s i bl e  t o s pe c i f y a  s e t  of  
pr i nc i pl e s  f or  t he  s us t a i na bl e  s e l e c t i on of  c ons t r uc t i on ma t e r i a l s  a nd pr oduc t s  [ Luc a s , 2008] :  
• Impr ove me nt  of  e ne r gy e f f i c i e nc y –pr oduc t s  t ha t  c ont r i but e  t o r e duc e  t he  ope r a t i ona l  
e ne r gy i n bui l di ngs  
• Low e mbodi e d e ne r gy – l ow pr oc e s s e d or  na t ur a l  ma t e r i a l s  ha ve  l owe r  e mbodi e d 
e ne r gy ( c or k i s  a n e xa mpl e  of  a  na t ur a l  ma t e r i a l  s ui t a bl e  a s  a  wa l l  i ns ul a t i on pr oduc t )  
• Hi gh dur a bi l i t y a nd l ow ma i nt e na nc e  de ma nd – s e l e c t i ng ma t e r i a l s  t ha t  be c ome  
obs ol e t e s  i n a  s hor t  t e r m i nc r e a s e s  t he  c os t s  a nd ge ne r a t e  mor e  wa s t e  
• Sa l va ge  ma t e r i a l s  –i n t he  de c ons t r uc t i on pr oc e s s  a  c ons i de r a bl e  a mount  of  ma t e r i a l s  a r e  
di s ma nt l e d, s ome  of  t he m c a n be  r e c ove r e d a nd us e d i n ne w c ons t r uc t i ons  a voi di ng t he  
c ons umpt i on of  ne w ma t e r i a l s  
• M a t e r i a l s  de r i ve d f r om r e ne wa bl e  r e s our c e s  – pr e ve nt s  t he  de pl e t i on of  na t ur a l  
r e s our c e s  l i ke  f os s i l  f ue l  r e s e r ve s  
• Re c yc l e d a nd r e c yc l a bl e  ma t e r i a l s  – ma t e r i a l s  t ot a l l y or  pa r t i a l l y pr oduc e d wi t h pos t -
c ons ume r  c ompone nt s  c a n r e duc e  t he  e xt r a c t i on of  r a w ma t e r i a l s  
• Sa f e t y f or  t he  huma n he a l t h - ma t e r i a l s  wi t h l ow e mi s s i on of  ha za r dous  ma t e r i a l s  
• Sa f e t y f or  t he  e nvi r onme nt  – hi gh e mi s s i on ma t e r i a l s  c a us e  t he  ozone  l a ye r  de pl e t i on 
c ont r i but i ng t o t he  gl oba l  wa r mi ng 
• Loc a l  pr oduc t i on – t hr ough pr e f e r r i ng l oc a l l y pr oduc e d ma t e r i a l s  i t  i s  pos s i bl e  t o 
di mi ni s h t he  c os t  a nd t he  e nvi r onme nt a l  pol l ut i on a s s oc i a t e d t o t he i r  t r a ns por t  a nd, a t  
t he  s a me  t i me , a c t  a s  a  s t i mul us  f or  t he  l oc a l  e c onomy 
 
T he s e  c r i t e r i a  c ombi ne d wi t h t he  us e  of  a s s e s s me nt  or  c l a s s i f i c a t i on t ool s  c a n de t e r mi ne  t he  
s us t a i na bi l i t y a nd e nvi r onme nt a l  i mpa c t s  of  t he  ma t e r i a l s  s e l e c t i on f or  a  gi ve n pr oj e c t . T he s e  
a s s e s s me nt  t ool s  c a n c ove r  a  wi de  r a nge  of  s ys t e ms , s t a r t i ng f r om l i f e  c yc l e  a na l ys i s  of  bui l di ng 
ma t e r i a l s  t o a  mor e  c ompr e he ns i ve  c l a s s i f i c a t i on s ys t e m of  bui l di ngs  [ K i be r t , 2007] . 
T a bl e  1 de s c r i be s  s ome  c ommon c l a s s i f i c a t i on s ys t e ms  a nd l i f e  c yc l e  a na l ys i s  me t hods  f or  
bui l di ng pr oduc t s  a nd s ys t e ms  [ Di ng, 2008] . 
 
T a b le  1  - Susta ina b ility a sse ssme nt to o ls fo r  b uild ing p r o d uc ts [ Luc a s,  2 0 0 8 ,  D io ge ne s,  2 0 0 6 ]  
 AT H E N A E CO Q U AN T U M  B E E S Sima P r o  M ARS-H  
Co untr y Ca na d a  N e the r la nd s U . S. A.  N e the r la nd s P o r tuga l 
T a r ge t P r o mo te  str a te gie s 
fo r  ma te r ia ls se le c -
tio n c o nc e r ning the  
e nvir o nme nta l im-
p a c ts 
Life  c yc le  a na ly-
sis fo r  b uild ing 
p r o d uc ts a nd  ma -
te r ia ls 
D e c isio n 
fr a me wo r k 
fo r  a  wid e  
r a nge  o f ma -
te r ia ls 
Life  c yc le  to o l 
fo r  ind ustr ia l 
p r o c e sse s a nd  
p r o d uc ts 
E va lua tio n to o l 
b a se d  o n so c ia l,  
e c o no mic  a nd  
e nvir o nme nta l 
p a r a me te r s,  a l-
lo wing a  life  
c yc le  c o st a na ly-
sis  
 
T he s e  t ool s  c a n pr ovi de  a n obj e c t i ve  e va l ua t i on of  r e s our c e s  us e , e c ol ogi c a l  l oa di ngs  a nd 
pe r f or ma nc e , a l l owi ng a  mor e  a c c ur a t e  c ompa r i s on of  di f f e r e nt  bui l di ng s ys t e ms  a nd ma t e r i a l s . 
It  i s  pos s i bl e  t o c ons i de r  a s pe c t s  l i ke  t he  e xt r a c t i on of  r a w ma t e r i a l s , t he  e mbodi e d e ne r gy or  
t he  ope r a t i ona l  pe r f or ma nc e  of  bui l di ng ma t e r i a l s . T hi s  l e a ds  t o a  mor e  c ons c i e nt i ous  c hoi c e  of  
bui l di ng ma t e r i a l s  i mpr ovi ng t he  s oc i a l , e c onomi c  a nd e nvi r onme nt a l  i ndi c a t or s  of  s us t a i na bi l -
i t y. Ne ve r t he l e s s , one  mus t  a l wa ys  t a ke  i nt o a c c ount  t he  da t a ba s e s  of  t he s e  t ool s  a nd t he r e  a de -
qua c y t o t he  r e gi on whe r e  t he  a ppl i c a t i on i s  pe r f or me d, ot he r wi s e  s e l e c t i on c a n be  mi s l e a d. 
In s ome  s pe c i f i c  s c e na r i os , whe r e  a  pa r t i c ul a r  bui l di ng s ys t e m or  ma t e r i a l  i s  be i ng e va l ua t e d, a  
s pe c i a l l y de s i gne d c l a s s i f i c a t i on a nd e va l ua t i on me t hod ne e d t o be  a ppl i e d. T he  t ool  M ARS-H 
s t a nds  a s  a n e xa mpl e  f or  a  s us t a i na bi l i t y e va l ua t i on me t hod whe r e  s e ve r a l  bui l di ng s ol ut i ons  
c a n be  c ompa r e d r e ga r di ng a  s e t  of  pa r a me t e r s  di vi de d i n t hr e e  di me ns i ons  [ M a t e us , 2009] :  
• Envi r onme nt a l  di me ns i on – e nvi r onme nt a l  l oa d f or  l oc a l  a nd gl oba l  e nvi r onme nt , 
• Soc i a l  di me ns i on– i mpa c t s  i n l oc a l  s oc i e t y, 
• Ec onomi c  di me ns i on – c os t / be ne f i t  a ppr a i s a l  c ons i de r i ng t he  ma t e r i a l s  l i f e  c yc l e . 
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T he s e  t hr e e  di me ns i ons  a r e  di vi de d i n ma j or  c a t e gor i e s  a nd f or  e a c h one  s e ve r a l  s us t a i na bi l i -
t y i ndi c a t or s  a r e  c ons i de r e d a nd c l a s s i f i e d a c c or di ng t o a  s pe c i f i c  qua nt i f i c a t i on s ys t e m. T he  
a ggr e ga t i on of  pa r a me t e r s  de t e r mi ne d by a  we i ght i ng me t hod de l i ve r s  t he  f i na l  s c or e  f or  e a c h 
bui l di ng s ol ut i on [ M a t e us , 2009] . 
T hi s  s t udy f oc us e s  on t he  e nvi r onme nt a l  a nd e c onomi c a l  pa yba c k of  a l t e r na t i ve  i ns ul a t i on 
ma t e r i a l s  ( na t ur a l  a nd s ynt he t i c )  i n t wo di s t i nc t  wa l l  s ys t e ms . T he  i ns ul a t i on ma t e r i a l  s e l e c t i on 
unde r t a ke s  a n i mpor t a nt  r ol e  i n s us t a i na bl e  c ons t r uc t i on. An a c c ur a t e  c hoi c e , due  t o t he  hi gh 
e ne r gy s a vi ng pot e nt i a l , ha s  a  s t r ong i mpa c t  r e duc i ng t he  e nvi r onme nt a l  l oa ds  a nd t he  
ope r a t i ona l  c os t s  t hr oughout  t he  bui l di ng l i f e  c yc l e . 
T he r e  a r e  nume r ous  be ne f i t s  f or  us i ng t he r ma l  i ns ul a t i on i n bui l di ngs , s uc h a s  [ Pa pa dopou-
l os , 2007] :  
• Ene r gy s a vi ngs :  r e duc i ng t he  r e l i a nc e  on e l e c t r i c i t y t o ma i nt a i n t he r ma l  c omf or t  
t he r e f or e  c ons e r vi ng e ne r gy a nd na t ur a l  r e s our c e s . 
• Envi r onme nt a l  ga i ns :  r e duc i ng t he  us e  of  me c ha ni c a l  a ppl i a nc e s  f or  a i r  c ondi t i oni ng 
r e s ul t s  i n l owe r  pol l ut a nt s  e mi s s i ons . 
• Ec onomi c  a dva nt a ge s :  f r om ope r a t i ona l  c os t  r e duc t i on a nd i ni t i a l  i nve s t me nt  
a t t e nua t i on due  t o r e duc e d HV AC e qui pme nt  s i ze . 
• Hi ghe r  ma r ke t  va l ue :  de c r e a s i ng c os t ume r  c os t s  a nd i mpr ovi ng bui l di ng c omf or t  
c ondi t i ons . 
M os t  c ommonl y us e d t he r ma l  i ns ul a t i on ma t e r i a l s  f a l l s  i nt o one  of  t he  s ubs e que nt  ba s i c  
t ype s :  
• Or ga ni c  ma t e r i a l s :  pol ys t yr e ne , pol ye t hyl e ne , pol yur e t ha ne , c or k, wood a nd c ot t on. 
• Inor ga ni c  ma t e r i a l s :  f i be r gl a s s , mi ne r a l  wool , s l a g wool , ve r mi c ul i t e  a nd pe r l i t e . 
• Re f l e c t i ve  me mbr a ne s :  a l umi num f oi l  a nd c e r a mi c  c oa t i ngs . 
T he  s e l e c t i on of  i ns ul a t i on ma t e r i a l s  r e qui r e s  a  mul t i pl e  c r i t e r i a  a ppr oa c h t a ki ng i nt o c ons i d-
e r a t i on [ Al -Homoud, 2005] :  
• Ext e r i or  e nvi r onme nt a l  a nd he a l t h e f f e c t s  – c ont r i but i on t o gl oba l  wa r mi ng, 
a c i di f i c a t i on, e ut r ophi c a t i on, ozone  f or ma t i on a nd wa s t e  ha ndl i ng. 
• Ene r gy c ons umpt i on – i nc or por a t e d e ne r gy t ha t  i nc l ude s  c ons umpt i on f r om f os s i l  f ue l s  
a nd r e ne wa bl e  s our c e s . 
• Appl i c a bi l i t y – ma t e r i a l s  pe r f or ma nc e  c ons i de r i ng t he r ma l  c onduc t i vi t y, t hi c kne s s , e t c . 
• Cos t  f a c t or  – c os t  a s  a  f unc t i on of  t he  a f or e me nt i one d pa r a me t e r s . 
2 ASSESSM ENT  M ET HODOLOGY 
Apart from these advantages for the use of insulation materials, their application entails 
environmental consequences and implies costs that must be considered and evaluated. In this 
work, the methodology MARS-H was chosen as an evaluation tool because it represents an effort 
of adaptation to local conditions and solutions [M a t e us , 2009].  Although this method is used for 
buildings assessment, it provides with proper adj ustments, a reliable evaluation for constructive 
systems and materials. Furthermore the evaluation does not focus only on the environmental 
consequences. A comprehensive analysis allows relating this dimension with the social and 
economic impacts; hence, it is possible a more accurate selection grounded not only on those 
concerns. 
T he  e va l ua t i on pr oc e s s  i s  di vi de d i nt o t hr e e  s t a ge s . In t he  f i r s t  pha s e , f or  e a c h i ndi c a t or , t he  
l e ve l  of  pe r f or ma nc e  i s  me a s ur e d. La t e r , a f t e r  gr oupi ng t he  i ndi c a t or s  by e a c h c a t e gor y ( e nvi -
r onme nt a l , s oc i a l  a nd e c onomi c )  t he  l e ve l  of  s us t a i na bi l i t y i s  qua nt i f i e d. T he  qua nt i f i c a t i on of  
pa r a me t e r s  wa s  done  us i ng t he  M ARS-H e va l ua t i on gui de  a nd t he  ma t e r i a l s  da t a ba s e  [ M a t e us , 
2009] . Al l  pa r a me t e r s  a r e  s ubj e c t  t o a  nor ma l i za t i on pr oc e s s  t ha t  a l l ows  a n a ppr opr i a t e  c ompa r -
i s on wi t h t he  pe r f or ma nc e  r e f e r e nc e  a nd a  pr ope r  a ggr e ga t i on of  i ndi c a t or s . T he  de s c r i be d me -
t hodol ogy i s  ba s e d on a  we i ght i ng s ys t e m t ha t  a ggr e ga t e s  t he  s e l e c t e d i ndi c a t or s  de l i ve r i ng a  
pe r f or ma nc e  ove r vi e w of  e a c h s t udi e d s ol ut i on [ M a t e us , 2009] . 
T hi s  wor k s pe c i f i c a l l y a i ms  t o c ompa r e  a n Ext e r na l  T he r ma l  Ins ul a t i on Compos i t e  Sys t e m 
( ET ICS)  a nd a  t r a di t i ona l  i ns ul a t e d c a vi t y br i c k wa l l , us i ng i n bot h opt i ons  t wo di f f e r e nt  ma t e -
r i a l s , e xt r ude d pol ys t yr e ne  ( X PS)  a nd a ggl ome r a t e d c or k. Si mpl y s t a t e d, a  c a vi t y wa l l  c ons i s t s  
i n a  doubl e  pa ne  of  15 c m br i c k s e pa r a t e d by a  4 c m wi dt h c a vi t y wi t h i ns ul a t i on ma t e r i a l  i n-
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s i de  ( f i gur e  1) . T he  ET ICS s ys t e m ( f i gur e  2)  i s  ba s e d on a  s i ngl e  22 c m br i c k wa l l  wi t h a  5 c m 
t he r ma l  i ns ul a t i on pa ne l  on t he  e xt e r i or . Bot h wa l l s  ha ve  a  2 c m f i ni s hi ng c oa t i ng [ Luc a s , 
2008] . 
For  t he  e va l ua t i on of  t he  e nvi r onme nt a l  pa r a me t e r s , t he  e f f e c t s  on t he  qua l i t y of  t he  out door  
e nvi r onme nt , t he  e mbodi e d e ne r gy a nd t he  r e c yc l e d c ont e nt  of  t he  s e l e c t e d ma t e r i a l s  we r e  c on-
s i de r e d. In a s s e s s i ng t he  s ol ut i ons  pe r f or ma nc e  t he  i ni t i a l  i nve s t me nt  wa s  c ons i de r e d. Si nc e  t he  
e va l ua t i on c onc e r ns  c ons t r uc t i ve  s ol ut i ons  a nd not  a  bui l di ng pr oj e c t , s ome  pa r a me t e r s  of  t he  
M ARS-H t ool  we r e  not  c ons i de r e d. For  t ha t  r e a s on t he  i ndi c a t or s  a ggr e ga t i on a nd t he  f i na l  
gr a de  a r e  ba s e d onl y on t he  e va l ua t e d pa r a me t e r s , r e s ul t i ng i n a  c ompa r a t i ve  pe r f or ma nc e  a na l -
ys i s . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1  - Sc he ma tic  r e p r e se nta tio n o f the  d o ub le  wa ll 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2  - Sc he ma tic  r e p r e se nta tio n o f the  E T I CS wa ll syste m 
3 RESULT S AND DISCUSSION 
For  t he  a c c ount i ng of  e nvi r onme nt a l  i mpa c t s  t he  f ol l owi ng c a t e gor i e s  of  M ARS-H 
me t hodol ogy we r e  c ons i de r e d:  gl oba l  wa r mi ng pot e nt i a l  ( GW P) , ozone  l a ye r  de pl e t i on ( ODP) , 
a c i di f i c a t i on pot e nt i a l  ( AP) , phot oc he mi c a l  oxi da t i on pot e nt i a l  ( OPAP)  a nd e ut r ophi c a t i on 
pot e nt i a l  ( EP)  [ M a t e us , 2009] . T he s e  c a t e gor i e s  we r e  nor ma l i ze d a nd a ggr e ga t e d a nd t he  
r e s ul t i ng gr a ph i s  s hown i n Fi gur e  3. Us i ng t he  s a me  da t a ba s e , t he  e mbodi e d e ne r gy f or  e ve r y 
c ons t r uc t i ve  s ol ut i on wa s  e va l ua t e d a nd t he  r e s ul t  i s  pr e s e nt e d i n f i gur e  4. T he  a na l ys i s  of  
Fi gur e  3 a nd 4 a l l ow c onc l udi ng t ha t  t he  be s t  e nvi r onme nt a l  pe r f or ma nc e  i s  t ha t  of  t he  ET ICS 
wa l l  s ys t e m wi t h c or k ba s e d i ns ul a t i on. In f a c t , t he  us e  of  c or k a s  a  t he r ma l  i ns ul a t i on opt i on 
he l ps  t o r e duc e  t he  e nvi r onme nt a l  i mpa c t  i n bot h wa l l  t ype s . It  i s  c l e a r  t ha t , e ve n i n t he  doubl e  
wa l l  s ys t e m, t he  s e l e c t i on of  a  na t ur a l  ma t e r i a l  wi l l  i mpr ove  t he  e nvi r onme nt a l  pe r f or ma nc e . 
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T o s um up, c ons i de r i ng t he  e nvi r onme nt a l  l oa ds  a nd e mbodi e d e ne r gy, t he  s ol ut i on t ha t  
pr e s e nt s  t he  be s t  r e s ul t  i s  t he  ET ICS wa l l  i ns ul a t e d wi t h a ggl ome r a t e d c or k. 
T he  a s s e s s me nt  of  e c onomi c  pe r f or ma nc e  wa s  de t e r mi ne d ba s e d on t he  i ni t i a l  c os t  of  e a c h 
s ol ut i on ( f i gur e  5) . T he  ET ICS wa l l  i mpl i e s  a  hi ghe r  i ni t i a l  i nve s t me nt  c ompa r e d t o t he  t r a di -
t i ona l  doubl e  wa l l  a nd s i nc e  t he  a ggl ome r a t e d c or k i s  mor e  e xpe ns i ve , t he  us e  of  t hi s  i ns ul a t i on 
ma t e r i a l  c ont r i but e s  t o i nc r e a s e  t he  i ni t i a l  i nve s t me nt  i n bot h c ons t r uc t i on s ys t e ms . Howe ve r , 
ma s s i ve  pr oduc t i on of  c or k f or  t hi s  ki nd of  a ppl i c a t i on c oul d c ont r i but e  f or  a  r e duc t i on on t hi s  
pr oduc t  pr i c e  a nd ge ne r a l  de c r e a s e  f or  t hi s  i ns ul a t i on s ol ut i on. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  3 .  E n vir o nme nta l imp a c t fo r  e a c h o f the  so lutio ns und e r  stud y ( gr e y b a r s –  wa lls with a nd  witho ut 
E T I CS with X P S a s insula ting ma te r ia l; b la c k b a r s –  sa me  a s p r e vio us b ut with c o r k a s insula ting ma te r i-
a l)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  4 .  E mb o d ie d  e ne r gy fo r  e a c h c o nstr uc tive  so lutio n ( gr e y b a r s –  wa lls with a nd  witho ut E T I CS with 
X P S a s insu l a ting ma te r ia l; b la c k b a r s –  sa me  a s p r e vio us b ut with c o r k a s insula ting ma te r ia l) .  
 
 
T he  a s s e s s me nt  of  e c onomi c  pe r f or ma nc e  wa s  de t e r mi ne d ba s e d on t he  i ni t i a l  c os t  of  e a c h 
s ol ut i on ( f i gur e  5) . T he  ET ICS wa l l  i mpl i e s  a  hi ghe r  i ni t i a l  i nve s t me nt  c ompa r e d t o t he  t r a di -
t i ona l  doubl e  wa l l  a nd s i nc e  t he  a ggl ome r a t e d c or k i s  mor e  e xpe ns i ve , t he  us e  of  t hi s  i ns ul a t i on 
ma t e r i a l  c ont r i but e s  t o i nc r e a s e  t he  i ni t i a l  i nve s t me nt  i n bot h c ons t r uc t i on s ys t e ms . Howe ve r , 
ma s s i ve  pr oduc t i on of  c or k f or  t hi s  ki nd of  a ppl i c a t i on c oul d c ont r i but e  f or  a  r e duc t i on on t hi s  
pr oduc t  pr i c e  a nd ge ne r a l  de c r e a s e  f or  t hi s  i ns ul a t i on s ol ut i on. 
Af t e r  e va l ua t i ng t he  di f f e r e nt  di me ns i ons , t he s e  a r e  a ggr e ga t e d f ol l owi ng a  we i ght i ng s ys t e m 
t ha t  a s s e s s e s  t he  l e ve l  of  s us t a i na bi l i t y f or  e a c h s ol ut i on c ons i de r e d i n t hi s  s t udy. Ac c or di ng t o 
t he  s t udy l e a di ng t o t he  M ARS-H e va l ua t i on s ys t e m [ M a t e us , 2009] , t he  e nvi r onme nt a l  di me n-
s i on wa s  gi ve n a  we i ght  of  40%  a nd t o t he  e c onomi c  a  we i ght  of  30% . In t hi s  wor k t he  s a me  
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we i ght s  we r e  a dopt e d. T he  e va l ua t i on of  t he  s oc i a l  di me ns i on woul d onl y be  pos s i bl e  i n a  c om-
pl e t e  bui l di ng pr oj e c t , f or  t ha t  r e a s on, t hi s  di me ns i on wa s  not  c ons i de r e d i n t hi s  s t udy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  5 .  I nitia l c o st fo r  e a c h wa ll syste m ( gr e y b a r s –  wa lls with a nd  witho ut E T I CS with X P S a s insula t-
ing ma te r ia l ; b la c k b a r s –  sa me  a s p r e vio us b ut with c o r k a s insula ting ma te r ia l)  
 
T he  gl oba l  pe r f or ma nc e  on t he  e nvi r onme nt a l  a nd e c onomi c  di me ns i ons , c ons i de r e d i n t hi s  
s t udy, i s  pr e s e nt e d i n Fi gur e  6 i n a  f or m of  f i na l  c l a s s i f i c a t i on f or  t he  di f f e r e nt  c ons t r uc t i ve  s o-
l ut i ons  c ons i de r e d. De s pi t e  t he  hi ghe r  i ni t i a l  pr i c e , whe n t he  pa r a me t e r s  a r e  a ggr e ga t e d i n t he  
f i na l  c l a s s i f i c a t i on, t he  c hoi c e  f or  i ns ul a t i on wi t h a ggl ome r a t e d c or k a l wa ys  pr e s e nt s  a  s upe r i or  
s us t a i na bi l i t y l e ve l  r e ga r dl e s s  t he  wa l l  s ys t e m.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  6 .  G lo b a l c la ssific a tio n o f the  c o nstr uc tive  so lutio ns ( gr e y b a r s –  wa lls with a nd  witho ut E T I CS 
with X P S a s  insula ting ma te r ia l; b la c k b a r s –  sa me  a s p r e vio us b ut with c o r k a s insula ting ma te r ia l)  
 
He nc e , t he  ET IC S wa l l  wi t h c or k a c hi e ve d t he  be s t  gl oba l  r e s ul t , c onc l udi ng t ha t  a f t e r  e va l u-
a t i on of  t he  e nvi r onme nt a l  be ne f i t s , t he  e mbodi e d e ne r gy a nd t he  i ni t i a l  i nve s t me nt , t hi s  s ol u-
t i on t ur n out  t o be  t he  mos t  s ui t a bl e . 
4 CONCLUSIONS 
T he  ma t e r i a l s  s e l e c t i on pr oc e s s  i s  a  c r uc i a l  s t a ge  f or  pl a nni ng s us t a i na bl e  a nd l ong-t e r m 
a f f or da bl e  bui l di ngs . T he  us e  of  a  pr ope r  a s s e s s me nt  t ool  c a n be  a  powe r f ul  r e s our c e  f or  
bui l de r s  a nd de s i gne r s , s us t a i ni ng t he  de c i s i on pr oc e s s  a nd s uppor t i ng a n a s s e r t i ve  c hoi c e . T he  
M ARS-H me t hodol ogy a s  pr ove n t o be  s uc h a  t ool , a l l owi ng not  onl y s us t a i na bl e  bui l di ngs  
c l a s s i f i c a t i on, but  a l s o ma t e r i a l s  e va l ua t i on f or  di f f e r e nt  c ons t r uc t i ve  s ol ut i ons  whi c h pr ovi de s  
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i mpor t a nt  c ompl e me nt a r y i nf or ma t i on f or  t he  de s i gn pr oc e s s . 
T he  r e s ul t s  i ndi c a t e  t ha t  t he  ET ICS s ys t e m i s  a  be t t e r  s ol ut i on r e ga r dl e s s  t he  i ns ul a t i on ma -
t e r i a l  c hos e n. T he  us e  of  na t ur a l  ma t e r i a l s  i n t he  i ns ul a t i on of  bui l di ngs  c ont r i but e s  t o a n e qua l  
t he r ma l  c omf or t  whi l e  i mpr ovi ng i t s  ove r a l l  pe r f or ma nc e . De s pi t e  t he  f a c t  t ha t  t he  a ggl ome -
r a t e d c or k i nvol ve s  nowa da ys  a  hi ghe r  i ni t i a l  i nve s t me nt , t hi s  ma t e r i a l  pr e s e nt s  gr e a t  e nvi r on-
me nt a l  a dva nt a ge s  s i nc e  i t  i s  a  na t ur a l  ma t e r i a l  de r i ve d f r om r e ne wa bl e  s our c e s . T hi s  i s  a  na t u-
r a l  ma t e r i a l  ve r y a bunda nt  i n Por t uga l , t hus  i t s  us e  a l s o c ont r i but e s  t o pr omot e  l oc a l  e c onomy, 
wi t h a  pos i t i ve  s oc i a l  i mpa c t  i n l oc a l  c ommuni t i e s . T he  e c onomi c  be ne f i t s  of  us i ng na t ur a l  ma -
t e r i a l s  s houl d not  be  c ons i de r e d t a ki ng i nt o a c c ount  onl y i t s  i ni t i a l  c os t . It  mus t  be  l ooke d a s  a n 
i nve s t me nt  wi t h a  l ong-t e r m pa yba c k, i nc l udi ng pr ot e c t i on of  f os s i l  f ue l  r e s e r ve s , hi ghe r  dur a -
bi l i t y a nd l owe r  e mi s s i ons . 
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1 INT RODUCT ION 
Publ i c  bui l di ngs  i n Gr e e c e  of t e n e xhi bi t  hi gh e ne r gy-c ons umpt i on pa t t e r ns . T hi s  a l s o a ppl i e s  t o 
e duc a t i ona l  bui l di ngs  of  a l l  l e ve l s  a nd i s , i n mos t  c a s e s , di r e c t l y r e l a t e d t o s e ve r a l  pa r a me t e r s  i n 
t he i r  de s i gn a nd c ons t r uc t i on, i n a ddi t i on t o obs ol e t e  ma i nt e na nc e  a nd c ont r ol  f e a t ur e s . Be s i de s  
e xc e s s i ve  us e  of  c onve nt i ona l  e ne r gy s our c e s  f or  he a t i ng, c ool i ng a nd l i ght i ng a nd t he  r e s ul t i ng 
e nvi r onme nt a l  i mpa c t , s uc h pa r a me t e r s  c a n a l s o ha ve  c ons i de r a bl e  i nf l ue nc e  on t he  c omf or t  a nd 
we l l -be i ng of  pe opl e  who wor k i n t he s e  bui l di ngs . ( T r i a nt i s , e t  a l ., 2006)  
T he  pr e s e nt  s t udy f oc us e s  on e duc a t i ona l  bui l di ngs , be c a us e  of  t he i r  a bi l i t y t o f unc t i on a s  
me a ns  of  e duc a t i on of  t he i r  s t ude nt s , a nd t he  ge ne r a l  publ i c , on i s s ue s  of  e ne r gy c ons e r va t i on 
a nd e nvi r onme nt a l  pr ot e c t i on, i n or de r  t o i nve s t i ga t e  t he  pos s i bi l i t i e s  a nd t he  me a ns  of  i nt e r ve n-
t i on wi t hi n t he  s c ope  of  bi oc l i ma t i c  de s i gn. T he s e  i nt e r ve nt i ons  a i m a t  i mpr ovi ng t he r ma l  a nd 
vi s ua l  c omf or t  c ondi t i ons , a s  we l l  a s  t he  ove r a l l  e nvi r onme nt a l  pe r f or ma nc e  of  t he  bui l di ng. A 
bui l di ng of  t he  T e c hnol ogi c a l  Educ a t i ona l  Ins t i t ut e  ( A.T .E.I.)  of  Pa t r a i  i s  c hos e n a s  a  c a s e -
s t udy, be c a us e  i t  wa s  not  i ni t i a l l y de s i gne d a s  a n e duc a t i ona l  bui l di ng, but  a c c ommoda t e s  t hi s  
f unc t i on s i nc e  2001. 
2 M ET HODOLOGY 
T he  a ppl i e d me t hodol ogy i nvol ve s  t wo di s t i nc t  pa r t s . Fi r s t , t he  pr e s e nt  s t a t e  i s  a na l yze d t hr ough 
t he  c a l c ul a t i on of  t he  t he r ma l  pr ope r t i e s  of  t he  bui l di ng s he l l , t he  a na l ys i s  of  i ns ul a t i on a nd 
s ha di ng c ondi t i ons  a nd a  que s t i onna i r e  s t udy. Fol l owi ng t he  a na l ys i s , r e t r of i t t i ng i nt e r ve nt i ons  
a r e  pr opos e d i n or de r  t o a ddr e s s  a nd r e me dy t he  mos t  pr e s s i ng pr obl e ms  t ha t  we r e  poi nt e d out  
by t he  a na l ys i s  of  t he  pr e s e nt  s t a t e . Pr opos a l s  i nc l ude  t he  s ha di ng s ys t e ms  t ha t  c a n be  f i t t e d t o 
t he  e xi s t i ng s he l l  i n or de r  t o i mpr ove  i t s  bi oc l i ma t i c  be ha vi or  i n t e r ms  of  t he r ma l  a nd vi s ua l  
c omf or t  c ondi t i ons  a nd ot he r  i nt e r ve nt i ons . T he s e  a r e  e va l ua t e d i n t e r ms  of  e ne r gy c ons e r va t i on 
B io climatic in terv en tio n s  in  th e ref u rb is h men t o f  ed u catio n al 
b u ild in g s  
S . P . M art i ni s  
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ABST RACT :  T he  a i m of  t hi s  pa pe r  i s  t o i nve s t i ga t e  wa ys  t o i nt e r ve ne  i n t he  s he l l s  of  s ubor d i -
na t e  e xi s t i ng bui l di ngs , i n or de r  t o i mpr ove  t he i r  bi oc l i ma t i c  be ha vi or  a nd t a ke  a dva nt a ge  of  
e nvi r onme nt a l  c ondi t i ons . T he  c a s e  s t udy i nvol ve s  a  bui l di ng of  t he  A.T .E.I. of  Pa t r a i , Gr e e c e . 
T he  a na l ys i s  of  t he  pr e s e nt  c ondi t i on s hows  t ha t  t he  bui l di ng’ s  t he r ma l  be ha vi or  a nd t he  pr e -
va i l i ng t he r ma l  a nd vi s ua l  c omf or t  c ondi t i ons  a r e  not  a c c e pt a bl e . T he  t he r ma l  a na l ys i s  i ndi c a t e s  
t ha t  s e ve r a l  c ha nge s  i n t he  s he l l  a r e  i mpe ndi ng. T he  c r e a t i on of  a n a t r i um s pa c e  i s  s ugge s t e d i n 
or de r  t o i mpr ove  da yl i ght i ng a nd ve nt i l a t i on. Sha di ng pr obl e ms  whi c h e me r ge d f r om t he  a na l y-
s i s  c a n be  de a l t  wi t h t he  f i t t i ng of  a ppr opr i a t e , e xt e r na l  l ouve r s . It  i s  c onc l ude d t ha t  t he  a ddi t i on 
of  pa s s i ve  s ys t e ms  t o a n e xi s t i ng s he l l , i s  pos s i bl e . T he  pr i nc i pl e s  of  bi oc l i ma t i c  de s i gn a r e  a p-
pl i e d a s  we l l  a s  t he  us e r s  a ppr e c i a t e  t he  a c qui r e d  a dva nt a ge s  a nd c on t r i but e  t o i t s  r i ght  us e .  
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a nd i nt e r na l  c ondi t i ons  i mpr ove me nt , a s  we l l  a s  i n t e r ms  of  a r c hi t e c t ur a l  modi f i c a t i on of  t he  
f or m of  t he  e xi s t i ng bui l di ng. 
3 ΒUILDING ANALYSIS 
3.1 Description of the building 
T he  bui l di ng i s  c ons t r uc t e d on f our  f l oor s  of  a n a l mos t  r e c t a ngul a r  pl a n, wi t hout  a  ma i n a xi s  or  
or i e nt a t i on a nd wi t hout  a ny di f f e r e nt i a t i on of  t he  e xt e r i or s  ( Fi g.1a , b) . 
 
   
F i gu r e 1 .  a.  S o u t h east  vi ew            b .  No r t h west  vi ew  
 
T he  f l oor s  a r e  t ypi c a l , c ove r i ng 965,00m 2 e a c h. It  wa s  c ons t r uc t e d i n 1975 t o be  a  c l ot he s  
f a c t or y. W i t h t he  modi f i c a t i ons  ma de  f or  t he  c ha nge  of  us a ge , t he  of f i c e s  a nd t he  c l a s s r ooms  
we r e  pl a c e d on t he  pe r i me t e r  of  a l l  f l oor s , whi l e  s t ude nt s ’  a s s e mbl y a r e a s  we r e  pl a c e d c e nt r a l -
l y. T he  pr e mi s e s  e nj oy da yl i ght i ng a nd ve nt i l a t i on onl y on t he  1s t  a nd 2nd f l oor  ( f i g. 2a , b, c ) . 
T he  c l e a r  s pa c e  of  t he  bui l di ng i s  pa ve d wi t h c e me nt  wi t hout  a ny s ha pi ng. T he r e  i s  t ot a l  a b-
s e nc e  of  gr e e n or  wa t e r . Conve nt i ona l  ma t e r i a l s  ha ve  be e n us e d f or  t he  c ons t r uc t i on of  t he  
bui l di ng, i .e . r e i nf or c e d c onc r e t e , i nt e r na l  wa l l i ng f r om br i c ks  or  f l oa t i ng s c r e e ds  a nd a l umi num 
f r a me s . 
 
 
Figur e  2 .  a .  gr o und  flo o r  p la n   b .   1 st  και 2 nd  flo o r  p la n    c .  3 r d  flo o r  p la n 
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3.2 Thermal analysis 
T he  a na l ys i s  wa s  c onduc t e d a c c or di ng t o t he  Gr e e k Re gul a t i ons  of  T he r ma l  Ins ul a t i on ( ΦΕΚ  
362/ 4-7-79)  a s  we l l  a s  t he  M i ni s t r y of  Publ i c  Cons t r uc t i ons  Ins t r uc t i ons  r e ga r di ng T he r ma l  i n-
s ul a t i on ( 19/ 9/ 78 Α.Π . 26354/ 476) . Fol l owi ng i n t a bl e  1 a r e  t he  r a t e s  of  K  ( t he r ma l  pr ope r t i e s  
f a c t or )  of  e a c h c ons t r uc t i on e l e me nt  of  t he  bui l di ng. 
 
T a b le  1 .  T he r ma l P r o p e r tie s Fa c to r  o f the  c o nstr uc tio n e le me nts o f the  b uild ing.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
      E xte r na l wa lling    Co lumns - B e a ms    Ce iling    Flo o r ing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
K  ( K c a l/m² hc )         3 , 2 8 6            3 , 0 0 4                3 , 0 0 4        2 , 8 7 7  
Κ  ( W /m² κ )          2 , 8 2 5             2 , 5 8 2            1 , 8 2 5          2 , 4 7 3  
__________________________________________________________________ 
 
T he  a ve r a ge  t he r ma l  pr ope r t i e s  f a c t or  K m f or  t he  bui l di ng i s :  
Κ m= 3,096> 0,962kc a l / m² hc  ( pe r mi t t e d)  ή  Κ m= 2,662> 0,827w/ m² κ ( pe r mi t t e d) . 
W e  c onc l ude  t ha t  t he  bui l di ng doe s  not  r e s pond t o t he  r e qui r e me nt s  of  t he r ma l  i ns ul a t i on s e t  
by t he  Re gul a t i on. 
3.3 Daylighting analysis 
3.3.1 Managing daylight 
T he  bui l di ng me e t s  t he  s t a nda r ds  of  Cons t r uc t i on Re gul a t i on ( a r t i c l e  354)  r e ga r di ng da yl i ght i ng 
- ve nt i l a t i on s uf f i c i e nc y. Howe ve r , i n s ome  a r e a s , t he  ope ni ngs  a r e  bi gge r  t ha n 20%  of  t he  
s pa c e , whi c h ma y c a us e  t he r ma l  l os s  i n wi nt e r , ove r he a t i ng i n s umme r  a nd r i s k of  i nt e ns e  
br i ght ne s s  ( Axa r l i , 2001, p. 226) . In s ome  c a s e s , t he  de pt h of  t he  s pa c e  e xc e e ds  t he  he i ght  by 
2,5 t i me s  up t o t he  t op of  t he  ope ni ng, c a us i ng i ns uf f i c i e nt  l i ght i ng a t  t he  r e a r  i n t e r ms  of  bot h 
qua nt i t y a nd qua l i t y ( Ande r , 1995, p. 14) . 
3.3.2 Shadowing – sunlight in relation with the neighbouring building 
T he  he i ght  of  ne i ghbour i ng bui l di ngs  i n c ombi na t i on wi t h t he  wi dt hs  of  s t r e e t s  doe s  not  c a s t  a  
s ha dow on t he  s ur r oundi ng s pa c e . T he  bui l di ng i s  e xpos e d t o s unl i ght  ma ny hour s  a  da y, a l l  
ye a r  r ound ( Fi g. 3) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  3 .  Year l y su n  d i agr am  (S o u r ce:  E co t e ct  v.  5 . 5 )  
3.3.3 Shadowing – daylight of each view of the building 
T he  pos i t i on of  t he  s un f or  t he  s ol s t i c e s  ( 21/ 12 a nd 21/ 06)  a nd t he  e qui noxe s  ( 21/ 03 και  21/ 09)  
f or  t he  hour s  09: 00, 12: 00 a nd 15: 00 a nd f or  s pr i ng/ s umme r / a ut umn18: 00 hour s  i s  f i gur e d out  
f r om t he  c yl i ndr i c a l  di a gr a m f or  t he  c i t y of  Pa t r a i  ( Fi g. 4a ) . T he  ne e ds  f or  s ha dowi ng dur i ng t he  
s umme r  mont hs  i s  not  bi g i n t he  e a r l y a f t e r noon hour s  a s  t he  s un i s  r e a l l y hi gh a nd onl y t he  oc -
c upa nt s  ne a r  t he  bi g ope ni ngs  c onf r ont  s ha dowi ng pr obl e ms . Due  t o t he  s un’ s  bi gge r  or bi t  a t  
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t ha t  t i me  of  ye a r , t he  pr obl e m i s  e vi de nt  i n t he  mor ni ng a nd a f t e r noon hour s  whe n t he  s un i s  
l owe r  i n t he  hor i zon. In t he  wi nt e r  mont hs  t he  s un i s  pos i t i one d l owe r  i n t he  s ky but , due  t o 
l owe r  t e mpe r a t ur e s , i t s  e nt r y i nt o t he  a r e a  i s  de s i r a bl e  wi t h t he  a i m of  pa s s i ve  s ol a r  he a t i ng. Re -
ga r di ng vi s ua l  c omf or t , i nt e ns e  br i ght ne s s  ma y be  c a us e d whe n t he r e  i s  di r e c t  i nc omi ng da y-
l i ght  i n t he  i nt e r i or  of  c l a s s r ooms  or  of f i c e s  ( Fi g. 4b) . 
 
 
Figur e  4 .  a .  cyl i n d r i cal  d i agr am fo r  t h e ci t y o f P at r ai        b .  d ayl i gh t  o f t h e vi ews o f t h e b u i l d i n g  
( S o u r ce:  at t r i b u t i o n  fr o m E co t ect  v.  5 . 5 )   
 
De me r s  ( 2002)  pr e s e nt s  a  me t hod ba s e d on e xpe r i me nt  whi c h c onf i r ms  t he  i nt e r a c t i on be -
t we e n da yl i ght  a nd s ur f a c e s  a s  we l l  a s  i t s  a bunda nc e  i n a n i nt e r i or  s pa c e . Ac c or di ng t o De me r s , 
c ont r a s t  i s  t he  va r i a bl e  whi c h gi ve s  t he  mos t  unde r s t a nda bl e  i ndi c a t i ons  f or  t he  qua l i t y of  l i ght  
i n a n a r e a . T he  ge ne r a l  c ont r a s t  of  t he  t ot a l  of  a  pi c t ur e  a nd not  j us t  punc t ua l  me a s ur e me nt s  r e -
l a t e  t o t he  mos t  e xpl i c i t  of  t he  qua nt i f yi ng me t hods  of  c ont r a s t  da t a . W i t h t he  di gi t a l  s e pa r a t i on
of  f i ve  l a ye r s  of  l i ght  i n a  pi c t ur e  t he r e  a r e  f i ve  zone s  of  br i ght ne s s :  100% , 75% , 50% , 25%  και  
0% . T he  e nd r e s ul t  of f e r s  a  c l e a r  pi c t ur e  of  t he  i nt e r a c t i on be t we e n l i ght  a nd s ur f a c e s . T he  
s e pa r a t i on of  t wo l e ve l s :  100%  a nd 0% , a l t hough a br upt  a s  a  r e pr e s e nt a t i on, i s  e ve n mor e  r e p-
r e s e nt a t i ve  ( De me r s , 2002, p.139-144) . 
T he r e  f ol l ows  a n a t t e mpt  t o a ppl y t he  a bove  me t hod on a n a s s e mbl y a r e a  ( Fi g.5a )  a nd on a  
c l a s s r oom ( Fi g.5b) . Dur i ng t he  di gi t a l  s e pa r a t i on of  t he  l a ye r s  of  l i ght , t he r e  a r e  s our c e s  of  i n-
t e ns e  br i ght ne s s  i n a r e a s  wi t h bi g ope ni ngs  on t he  s out h a nd e a s t  vi e w. T he s e  a r e a s  r e qui r e  i n-
t e r ve nt i on r e ga r di ng s ha dowi ng 
 
 
Figur e  5 .  Di gi t al  sep ar at i o n  o f 2  an d  5  l ayer s o f l i gh t  
    a.  o n  an  assemb l y ar ea         b .  o n  a cl assr o o m 
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3.4 Questionnaire study 
T he  que s t i onna i r e  wa s  ba s e d on t he  one  pr e s e nt e d i n ( T r i a nt i s , e t  a l ., 2006)  a nd i s  s e pa r a t e d 
i nt o f our  s e c t i ons :  
A. ge ne r a l  i nf or ma t i on ( a ge , ge nde r , f l oor  of  wor kpl a c e , numbe r  of  pe opl e  i n t he  s a me  
r oom) ;  
B. e nvi r onme nt a l  c ondi t i ons  ( t he r ma l  c omf or t , qua l i t y of  i nt e r na l  a i r , di f f e r e nt i a t i ons  
i n t e mpe r a t ur e , na t ur a l  a nd a r t i f i c i a l  l i ght i ng a nd noi s e ) ;  
C. ot he r  e l e me nt s  ( pos s i bi l i t y of  c ont r ol  - a dj us t me nt  of  l i ght , c l e a nl i ne s s , pr e s e nc e  of  
s moke r s ) ;  
D. c omme nt s . 
93 pe opl e  t ook pa r t  i n t he  s ur ve y a nd t he  s a mpl e  pa r t i c i pa nt s  we r e  s t ude nt s , t e a c hi ng s t a f f  a nd 
wor ki ng s t a f f  of  t he  de pa r t me nt . T he  f i r s t  t hi r t e e n ( 13)  que s t i ons  a s ke d t he  pa r t i c i pa nt s  t o 
c hoos e  one  of  t he  s e ve n pos s i bl e  a ns we r s  of  t a bl e  2. 
 
T a b le  2 .  Ra nge  o f a nswe r s.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
T o ta lly d isa gr e e  D isa gr e e  P a r tly d isa gr e e  D o n’t kno w P a r tly a gr e e  Agr e e  T o ta lly a gr e e    _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1     2      3       4      5     6     7  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
Indi c a t i ve l y t he  g r a phs  pr e s e nt  t he  pe r c e nt a ge s  of  a ns we r s  t o t wo of  t he  que s t i ons :  
Que s t i on 1:  T he  t e mpe r a t ur e  of  t he  wor kpl a c e / c l a s s r ooms  i s  c ons i de r e d s a t i s f a c t or y 
a . i n wi nt e r  ( Fi g. 6a )  , b. i n s umme r  ( f i g.6b) . 
Que s t i on 3:  T he  t e mpe r a t ur e  of  t he  bui l di ng i s  pr e s e r ve d s t a bl e  i n a l l  a r e a s  ( f i g. 6c ) . 
 
 
 
 
 
 
 
 
 
Figur e  6 .  Gr ap h s o f p er cen t ages o f q u est i o n n ai r e r ep l i es 
a.  sat i sfact i o n  fr o m t emp er at u r e b .  sat i sfact i o n  fro m t emp er at u r e c.  sat i sfact i o n  fr o m t h e  
     i n  wi n t er           i n  su mmer          p r eser vat i o n  o f t emp er at u r e 
 
It  i s  c onc l ude d t ha t  t he  bui l di ng doe s  not  s a t i s f y i t s  us e r s  i n t e r ms  of  t he r ma l  c omf or t , e xt e r -
na l  noi s e  a nd ma na ge me nt  of  t e mpe r a t ur e  a nd ve nt i l a t i on. 
In s e c t i on D, t he  l a s t  t wo ( 2)  que s t i ons  a s ke d f or  s pe c i f i c  pr opos a l s  f or  a r e a s  mi s s i ng i n t he  
bui l di ng a c c or di ng t o t he i r  opi ni on a nd wha t  ne e ds  t o be  done  f or  i t s  i mpr ove me nt . 
Some  of  t he  a r e a s  s ugge s t e d i n que s t i on 14 a r e :  a n a mphi t he a t r e , a  c a nt e e n, a  gr e e n a r e a , a  
pr e s e nt a t i on-e xhi bi t i on r oom, a n a r e a  f or  us i ng t he  i nt e r ne t , a  s moki ng a r e a . 
Que s t i on 15 a s ke d f or  5 a c t i ons  t ha t  ne e d doi ng f or  t he  i mpr ove me nt  of  t he  bui l di ng .T he  t o-
t a l  of  a ns we r s  t o que s t i on 15 r e l a t e s  t o our  f i e l d of  s t udy:  me a s ur e s  of  i mpr ovi ng i t s  bi oc l i ma t i c  
be ha vi or . Some  of  t he  me a s ur e s  s ugge s t e d we r e :  s ound i ns ul a t i on, t he r ma l  i ns ul a t i on, i ns t a l l a -
t i on of  he a t i ng a nd c ool i ng s ys t e ms , r e pl a c e me nt  of  ol d wi ndow-door  f r a me s , a n e l e va t or , s ha d-
i ng s ys t e m, i ns t a l l a t i on of  r oof  f a ns , ve nt i l a t i on. 
4 REDESIGN PROPOSAL 
4.1 Improvement of thermal behavior 
T he  ma i n c ons t r uc t i on ma t e r i a l  of  t he  bui l di ng, whi c h i s  r e i nf or c e d c onc r e t e , hol ds  a  bi g he a t -
i ng c a pa c i t y. Due  t o t he  l a c k of  t he r ma l  i ns ul a t i on i t  c a nnot  f unc t i on a c c or di ng t o i t s  pr ope r t i e s . 
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It  i s  of  pr i ma r y i nt e r e s t  t o de c r e a s e  t he r ma l  l os s  of  t he  bui l di ng owi ng t o t he  i ns uf f i c i e nt  t he r -
ma l  r e s i s t a nc e  of  t he  ma t e r i a l s  of  i t s  s he l l  ( Fi g 7a , b) . 
 
Figur e  7 .  Co nstr uc tio na l d e ta il o f the  she ll 
    a .  E xist ing c o nd itio n   b .  P r o p o sa l o f imp r o ve me nt 
 
T he  de c r e a s e  of  t he  s ur f a c e s  of  ope ni ngs  t o 2/ 3 of  t he  e xi s t i ng c ondi t i on i s  s ugge s t e d i n or de r  
t o a voi d e xc e pt i ona l l y bi g t hi c kne s s  of  t he r ma l  i ns ul a t i ng ma t e r i a l . T a bl e  3 pr e s e nt s  t he  ne w 
pr i c e s  of  K  f or  e a c h c ons t r uc t i ona l  ma t e r i a l  of  t he  bui l di ng. 
 
T a b le  3 .  Fa c to r  o f the r ma l p r o p e r tie s o f the  c o nstr uc tio na l ma te r ia ls o f the  b uild ing.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
      E xte r na l wa lling    Co lumns - B e a ms    Ce iling    Flo o r ing _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
K  ( K c a l/m² hc )        0 , 1 7 5             0 , 2 4 8                0 , 3 5 9        0 , 7 6 1  
Κ  ( W /m² κ )          0 , 1 5 0             0 , 2 1 3            0 , 3 0 8          0 , 6 5 4  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
 
T he  a ve r a ge  t he r ma l  pr ope r t i e s  f a c t or  a c hi e ve d f or  t he  whol e  of  t he  bui l di ng :  
Κ m= 0,823< 0,962kc a l / m² hc  ( pe r mi t t e d)  ή  Κ m= 0,707 < 0,827W / m² κ ( pe r mi t t e d)  
4.2 Improvement of daylighting conditions 
4.2.1 Daylight – ventilation 
It  i s  i mpe ndi ng f or  t he  i mpr ove me nt  of  da yl i ght  a nd ve nt i l a t i on t o c r e a t e  a n a t r i um s pa c e  i n t he  
c e nt r e  of  t he  bui l di ng, s pr e a di ng f r om t he  gr ound f l oor  t o t he  t e r r a c e . T hr ough t he  a t r i um s pa c e , 
da yl i ght  c a n r e a c h a r e a s  i ns uf f i c i e nt  i n t e r ms  of  l i ght i ng, t hus  r e duc i ng t he  ne e d f or  a r t i f i c i a l  
l i ght i ng. Ope ni ngs  s houl d be  c r e a t e d a t  t he  t op of  t he  s t a i r c a s e . T he  s ha pe  of  t he  s t a i r c a s e  i s  
s uc h t ha t  ma ke s  i t  f unc t i on l i ke  a  s ol a r  c hi mne y c ont r i but i ng t o t he  c i r c ul a t i on of  a i r  i n i t s  i nt e -
r i or . Int e r na l  ope ni ngs  s houl d be  a l s o c r e a t e d i n t he  c l a s s r ooms  on t he  s i de  ne i ghbour i ng a s -
s e mbl y a r e a s . T hus , i mpr ove d l i ght i ng a nd ve nt i l a t i on i s  a c hi e ve d. T he r e  i s  a n upwa r d move -
me nt  of  a i r  c r e a t e d whi c h c ont r i but e s  t o na t ur a l  c ool i ng. In t he  s umme r  mont hs  whe n 
t e mpe r a t ur e s  a r e  hi gh, i t  c a n be  a ddi t i ona l l y s uppor t e d by a r t i f i c i a l  me a ns  e s t a bl i s he d ( r oof  
f a ns ) . Re f l e c t i on s ur f a c e s  ( l i ght  s he l ve s )  s houl d be  f i t t e d t o t he  e xt e r na l  a s  we l l  a s  t he  i nt e r na l  
ope ni ngs  a t  t he  he i ght  of  s kyl i ght s  ( Fi g. 8) . T hi s  woul d e na bl e  t he  l i ght  ( di f f us e d a nd di r e c t )  t o 
e nt e r  t he  a r e a s  t o a  gr e a t e r  e xt e nt  a nd i l l umi na t e  t he i r  c e i l i ngs .  
 
 
Figur e  8 .  Air  c ir c ula tio n 
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T he  l a t t e r  s i mul a t i on ( Fi g. 9a , b)  s hows  t he  e f f e c t  of  t he  c r e a t i on of  t he  a t r i um s pa c e  on t he  
l i ght i ng of  t he  bui l di ng c ompa r i ng t o t he  e xi s t i ng s i t ua t i on. T he r e  i s  now a de qua t e  l i ght i ng i n 
a r e a s  s uc h a s  a s s e mbl y a r e a s  whi c h a r e  i mpor t a nt  t o t he  f unc t i on of  t he  bui l di ng. T he  i nt e r na l  
wi ndows  on t he  wa l l s  of  t he  c l a s s r ooms  s e e m t o wor k e f f e c t i ve l y, i nc r e a s i ng t he  e xt e nt  of  l i ght -
i ng. Fur t he r mor e , t he y i l l umi na t e  pa r t s  whi c h we r e  da r k be f or e  a nd di s t r i but e  l i ght  mor e  e ve nl y 
i n t he  a r e a . W e  a l s o obs e r ve  t ha t  t he  r e duc t i on of  t he  ope ni ngs  s ugge s t e d f or  t he r ma l  pur pos e s  
doe s  not  a f f e c t  t he  e f f i c i e nc y of  da yl i ght  i n t he  a r e a s . T he  di r e c t  r e s ul t  of  t he  a bove  i s  t he  r e -
duc t i on of  t he  de ma nd f or  a r t i f i c i a l  l i ght i ng. 
 
 
Figur e  9 .  N a tur a l light simula tio n (S o u r ce:  E co t ect  v.  5 . 5 )  
a .  b e fo r e          b .  aft er  t h e cr eat i o n  o f t h e at r i u m sp ace   
4.2.2 Shading –sun protection 
For  t he  e f f e c t i ve  a nd c ont r ol l e d s ha di ng of  t he  a r e a s , t he  f i t t i ng of  mova bl e  s ys t e ms  of  l ouve r s  
out s i de  t he  s he l l  of  t he  bui l di ng ( doubl e  s ki n)  i s  pr opos e d. T he  t ype  of  l ouve r s  i s  s e l e c t e d on 
t he  ba s i s  of  t he  be ne f i t s  i t  of f e r s . T he  s e mi -t r a ns pa r e nt  phot ovol t a i c  l ouve r s  s e e m t o s a t i s f y t he  
bui l di ng de ma nds , s i nc e  t he y c a n pa r t l y s a t i s f y i t s  e ne r gy ne e ds  a l ong wi t h s ha di ng. Fi na l l y, a n 
e l e va t i ng-move me nt  me c ha ni s m i s  pr opos e d whi c h l e t s  t he  l ouve r s  i n f r ont  of  t he  me t a l  f r a me , 
s o whe n t he y s t a y s hut  dur i ng wi nt e r  mont hs , t he r e  i s  a  c ons t a nt  pa ne l . T o a voi d da ma ge  or  
ma l f unc t i on f r om t he  a ddi t i on of  s e ns or s  a nd c ompl e x s ys t e ms  of  a ut oma t i c  move me nt , t he  ma -
nua l  c ha nge  of  t he i r  i nc l i na t i on i s  s ugge s t e d t wi c e  a  ye a r :  
•  W i nt e r  pe r i od ( 21s t  Se pt e mbe r  -21s t  M a r c h)  :  t he  s un i s  l ow i n t he  s ky a nd i t s  e nt e r i ng t he  
bui l di ng i s  de s i r a bl e  s o a s  t o ha ve  t he  ma xi mum pos s i bl e  be ne f i t s . T he  l ouve r s  r e ma i n s hut  
( pa r a l l e l  t o t he  wa l l  of  t he  bui l di ng) . T hus , t he y f or m a  doubl e -s he l l  f or ma t i on of  gl a s s  
whi c h, on t he  one  ha nd, a l l ows  s un-r a y pe ne t r a t i on a nd, on t he  ot he r , i t  c r e a t e s  a n i nt e r s pa c e  
of  s t oppi ng be t we e n t he  bui l di ng a nd t he  e xt e r na l  e nvi r onme nt  ( Fi g. 10a ) . 
•  Summe r  pe r i od ( 21s t  M a r c h – 21s t  Se pt e mbe r ) :  t he  s un i s  hi gh i n t he  s ky a nd s ha di ng i n t he  
a r e a s  of  t he  bui l di ng i s  e s s e nt i a l . T he  l ouve r s  a r e  i nc l i ne d a l mos t  ve r t i c a l l y a ga i ns t  s un r a ys  
whi l e  phot ovol t a i c  e l e me nt s  pr oduc e  t he  ma xi mum pos s i bl e  qua nt i t y of  e ne r gy ( Fi g 10b) . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 0 .  Func tio n o f lo uve r s ( S o u r ce:  Tech n i cal  mat t er s,  2 0 0 8 ,  p .  1 2 6 )  
a .  winte r  p e r io d   b .  Summe r  p e r io d  
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On t he  gr ounds  of  t he  a bove , t he  r e de s i gn of  t he  vi e ws  of  t he  bui l di ng i s  a s  f ol l ows . Indi c a t i ve -
l y t he  s out h ( f i g.11a )  a nd t he  e a s t  vi e w ( f i g. 11b)  a r e  pr e s e nt e d.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  1 1 .  Bu i l d i n g vi ews aft er  t h e ch an ges i n  t h e sh el l  
a .  so uth vie w              b .  e a st vie w  
5 CONCLUSIONS  
5.1.1 Regarding the case study 
Al l  t he  a bove  pr opos a l s  s e e m t o ha ve  t he  pos s i bi l i t y t o c ha nge  t he  be ha vi our  of  t he  bui l di ng r e -
ga r di ng c l i ma t i c  ( e nvi r onme nt a l )  c ondi t i ons  a nd ma ke  i t  e nvi r onme nt a l l y mor e  f l e xi bl e  a nd e f -
f e c t i ve . T hus , t he y s e c ur e  de s i r a bl e  wor ki ng c ondi t i ons  f or  i t s  us e r s . W i t h t he  us e  of  pa s s i ve  
s ys t e ms , e ne r gy c ons umpt i on i s  s e r i ous l y r e duc e d a nd wa s t i ng e ne r gy i s  a voi de d. T hi s  ha s  pos i -
t i ve  f i na nc i a l  a nd e nvi r onme nt a l  c ons e que nc e s . 
5.1.2 Generally about education buildings 
Ge ne r a l l y, t he  us e  of  pa s s i ve  s ys t e ms  i n publ i c  bui l di ngs  mus t  pa ve  t he  wa y t owa r ds  s us t a i na -
bl e  de ve l opme nt . Spe c i f i c a l l y, e duc a t i on bui l di ngs  c a n pl a y a n e s s e nt i a l  r ol e  t owa r ds  t ha t  di r e c -
t i on s i nc e  t he y c a n e nc our a ge  e nvi r onme nt a l  a wa r e ne s s  a mong young pe opl e  whi c h i s  e s s e nt i a l  
f or  l i f e . 
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1 INT RODUCT ION 
In t e r ms  of  e ne r gy e f f i c i e nc y, bi oc l i ma t i c  a r c hi t e c t ur e  a i ms  a t  mi ni mi zi ng t he  e ne r gy c ons ump-
t i on of  t he  bui l di ng a nd a t  a c hi e vi ng c ont r ol  of  t he  mi c r oc l i ma t e  of  t he  i ndoor  s pa c e s  ( Fa nge r  
1973, Gi voni  1976, M a r kus  & M or r i s  1980) . T he  bi oc l i ma t i c  a ppr oa c h a i ms  a t  r e -e s t a bl i s hi ng 
t he  l i nks  of  a r c hi t e c t ur e  wi t h t he  pr i nc i pl e s  of  t r a di t i ona l  bui l di ng t e c hni que s  ( M i c ha e l i de s  
1993) . T hi s  a ppr oa c h r e duc e s  or  e ve n e l i mi na t e s  t he  wa s t e  of  e ne r gy i n c ont r ol l i ng t he  mi c r o-
c l i ma t e  wi t hi n a  bui l di ng. At  t he  s a me  t i me , i t  r e s t or e s  t he  c ont a c t  of  huma ns  wi t h na t ur e , t he  
i di os ync r a s y of  a  pl a c e  a nd t he  qua l i t y of  l i f e  ( Gi voni  1976, M i c ha e l i de s  1993, Ol gya y 1963) . 
In Cypr us , bi oc l i ma t i c  a r c hi t e c t ur e  ma y a ppl y t o t he  c l i ma t i c  c ondi t i ons  ove r  t he  e nt i r e  ye a r . 
In a ddi t i on, t he  ye a r -r ound s unl i ght  a nd t he  hi gh s ol a r  r a di a t i on ma ke  t he  ne e d f or  e xpl oi t i ng 
s ol a r  e ne r gy e ve n mor e  ma nda t i ng ( Gi voni  1994, Goul di ng e t  a l  1994, M a r kus  & M or r i s  1980) . 
T he  bi oc l i ma t i c  di me ns i ons  of  r e s i de nt i a l  a r c hi t e c t ur e  i n Cypr us  a r e  e xa mi ne d on t he  ba s i s  of  
f i ve  s e l e c t e d r e s i de nt i a l  bui l di ngs , de s i gne d i n t he  pe r i od 1948-1992 by t he  a r c hi t e c t  Ne op-
t ol e mos  M i c ha e l i de s  ( Ec onomi de s  1992, M i c ha e l  2003, M i c ha e l  & Pa pa ni kol a ou 2002) . T he  
s e l e c t e d pr oj e c t s  a r e  of  hi gh na t i ona l  a r c hi t e c t ur a l  s i gni f i c a nc e , a s  t he y r e pr e s e nt  i n a  mos t  di s -
t i nc t  wa y a  c r i t i c a l  i nt r oduc t i on of  mode r n a r c hi t e c t ur e  i n Cypr us  ( M i c ha e l  2003) . In a r c hi t e c -
t ur a l  t e r ms , t he  de s i gns  f ol l ow t he  f unc t i ona l  di s pos i t i on, wi t hout  r e l yi ng on s ymbol i c  or  de c o-
r a t i ve  pa r a me t e r s . ( Fi gur e s  1-5)  
Th e b io climatic d imen s io n  in  th e Mo d ern  res id en tial arch itectu re 
in  C yp ru s  
A. M i c hael  & M . C . P hocas   
Program of Architecture, School of Engineering, University of Cyprus, Nicosia, Cyprus 
ABST RACT :  T he  bi oc l i ma t i c  di me ns i on of  r e s i de nt i a l  a r c hi t e c t ur e  i n C ypr us  i s  e xa mi ne d on 
t he  ba s i s  of  bui l di ngs , de s i gne d i n t he  pe r i od 1952-1974 by t he  Cypr i ot  a r c hi t e c t  Ne opt ol e mos  
M i c ha e l i de s . T he  s e l e c t e d pr oj e c t s  a r e  of  a  hi gh na t i ona l  a r c hi t e c t ur a l  s i gni f i c a nc e , a s  t he y 
r e pr e s e nt  i n a  mos t  di s t i nc t  wa y a  c r i t i c a l  i nt r oduc t i on of  mode r n a r c hi t e c t ur e  i n Cypr us . In a r c -
hi t e c t ur a l  t e r ms , t he  de s i gns  f ol l ow t he  f unc t i ona l  di s pos i t i on, wi t hout  r e l yi ng on s ymbol i c  or  
de c or a t i ve  pa r a me t e r s . Fol l owi ng a n ove r vi e w of  mode r n a r c hi t e c t ur e  i n Cypr us  t he  ma i n c l i -
ma t i c  c ondi t i ons  of  t he  r e gi on a nd t he  t he r ma l  c omf or t  c r i t e r i a  a r e  br i e f l y pr e s e nt e d. T he  a na l y-
s i s  of  f i ve  r e s i de nt i a l  bui l di ngs  r e f e r s  t o t he  a r c hi t e c t ur a l  de s i gn s t r a t e gi e s , a nd t he  c ons t r uc t i on 
ma t e r i a l s  a nd s ys t e ms , a ppl i e d f or  a c hi e vi ng huma n c omf or t , a s  r e ga r ds  c ool i ng a nd na t ur a l  
l i ght i ng. T he  s t udy pr ove s  t ha t  a  s e r i e s  of  s t r a t e gi c  de s i gn a c t i ons  e ns ur e  t he r ma l  i mpr ove me nt s  
of  t he  bui l di ngs  a nd l e a d t o opt i mum l e ve l s  of  t he r ma l  c omf or t , e na bl i ng t hus  s ubs t a nt i a l  e ne r -
gy s a vi ngs .  
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2 M ET HODOLOGY  
T he  s e l e c t i on of  t he  bui l di ngs  wa s  ba s e d on c r i t e r i a  t ha t  a i m t o r e duc e  t he  pl e t hor a  of  pa r a me -
t e r s  t ha t  a f f e c t  t he  t he r ma l  c omf or t  of  t he  us e r s . T he  s a mpl e  i nc l ude s  onl y r e s i de nt i a l  bui l di ngs , 
a l l  s i t ua t e d i n t he  br oa de r  a r e a  of  Ni c os i a  ( f l a t  a r e a  wi t h me a n a l t i t ude  of  a bout  160 m)  f or  ob-
t a i ni ng s i mi l a r  c l i ma t i c  c ondi t i ons . It  c ons i s t s  of  f i ve  r e s i de nt i a l  bui l di ngs  wi t h c ont i nuous  
f unc t i on dur i ng t he  e nt i r e  ye a r . T he  bui l di ngs  ha ve  one  s t or e y, t wo s t or e y or  s pl i t  l e ve l s . As  r e -
ga r ds  t he  ye a r  bui l t , t he  bui l di ngs  s a mpl e  c ove r s  t he  e nt i r e  t i me -s pa n of  t he  wor k of  t he  a r c hi -
t e c t  a nd s i gni f y t he  mul t i pl e  pa r a me t e r s  of  hi s  a r c hi t e c t ur a l  wor k. 
For  t he  da t a  a c qui s i t i on, r e gi s t r a t i on e qui pme nt s  of  t e mpe r a t ur e  a nd r e l a t i ve  humi di t y of  t he  
t ype  NOM AD Da t a  Logge r  we r e  pl a c e d f or  24 hour s  i n t he  s e l e c t e d r e s i de nc e s . T he  me a s ur e -
me nt s  we r e  c onduc t e d f r om J ul y 19 th  unt i l  Augus t  26 th  of  2003. T he  r e gi s t r a t i on e qui pme nt  wa s  
pl a c e d i n c l os e d s pa c e s  of  t he  gr ound f l oor s , us ua l l y i n t he  l i vi ng r oom, a t  a  he i ght  of  120 c m 
a bove  t he  f i ni s he d f l oor . T he  s pa c e s  ha ve  no t e c hni c a l  c l i ma t i c  s uppor t . T he  t e mpe r a t ur e  wa s  
me a s ur e d a t  12: 00 hr s  a t  bot h, t he  gr ound f l oor  a nd t he  f i r s t  f l oor  f or  obt a i ni ng pos s i bl e  di f f e r -
e nc e s  ove r  t he  he i ght . 
Re gi s t r a t i on e qui pme nt  wa s  a l s o pl a c e d i n a  r e f e r e nc e  bui l di ng t ha t  wa s  s e l e c t e d a s  s ui t a bl e  
f or  c ompa r i s on a f t e r  r e gi s t r a t i on of  t he  t e mpe r a t ur e s  of  a  br oa de r  pos s i bl e  r e f e r e nc e  bui l di ngs  
s a mpl e . T he  r e f e r e nc e  bui l di ng i s  of  s i mi l a r  ma t e r i a l s , c ons t r uc t i on a nd s i ze  a s  t he  bui l di ngs  s e -
l e c t e d f or  t he  a na l ys i s . It  i s  a  t wo s t or e y bui l di ng wi t h ope n s pa c e s . T he  r oof  a nd t he  e xt e r na l  
wa l l s  of  t he  bui l di ng a r e  i ns ul a t e d wi t h pol ys t yr e ne . Da t a  f or  t he  t e mpe r a t ur e  a nd t he  r e l a t i ve  
humi di t y of  t he  e xt e r na l  e nvi r onme nt  wa s  c ol l e c t e d f r om t he  M e t e or ol ogi c a l  Se r vi c e  of  Cypr us , 
i n pa r t i c ul a r  f r om t he  At ha l a s s a  s t a t i on ( a l t i t ude :  162 m, l a t i t ude  35º  09' nor t h, l ongi t ude  33º  24' 
e a s t ) . 
 
Figures 1-5 .  The selected projects residences of Theodotos Kanthos, Telemachos Kanthos, Andreas Koumoulis, Panos 
Eliophotou, Nicos Georgiou, respectively.  
3 BUILDINGS AND CLIM AT IC CONDIT IONS DAT ABASE 
T he  doc ume nt a t i on of  e a c h r e s i de nt i a l  bui l di ng i n t he  a na l ys i s  r e f e r s  t o t he  a ppl i e d de s i gn 
s t r a t e gi e s  f or  t he  i mpr ove me nt  of  mi c r oc l i ma t i c  c ondi t i ons  ( Gi voni  1994) . In a ddi t i on, t he  
me a s ur e me nt s  of  t e mpe r a t ur e  a nd r e l a t i ve  humi di t y f or  t he  t i me  s pa n of  24 hour s  a r e  pr e s e nt e d 
f or  e a c h c a s e , a s  we l l  a s  t he  r e s pe c t i ve  me a s ur e me nt s  f or  t he  r e f e r e nc e  bui l di ng a nd t he  e xt e r -
na l  e nvi r onme nt . 
3.1 Theodotos Kanthos Residence, design 1949, construction 1952 
T he  r e s i de nc e  bui l di ng of  T he odor os  K a nt hos  i s  t he  f i r s t  c ons t r uc t e d de s i gn of  t he  a r c hi t e c t  a nd 
t he  f i r s t  bui l di ng i n t he  i s l a nd wi t hi n t he  f r a me -c ondi t i ons  of  c ont e mpor a r y c ons t r uc t i on ( Fi gur e  
1)  ( Ec onomi de s  1992, M i c ha e l  2003, M i c ha e l  & Pa pa ni kol a ou 2002) . Apa r t  f r om t he  r e s i de n-
t i a l  s pa c e s  i t  c ont a i ns  a  pa i nt i ng s t udi o. T he  us a ge  s pa c e s  a r e  c l e a r l y di vi de d i nt o t wo l e ve l s . 
T he  c ommon s pa c e s  a r e  on t he  gr ound f l oor , t he  pr i va t e  one s  on t he  1s t  f l oor . T he  pa s s a ge  i nt o 
t he  i nt e r i or  of  t he  bui l di ng c ont a i ns  t hr e e  s t a ge s :  T he  c ove r e d f or e gr ound, t he  gl a s s e d e nt r a nc e  
s pa c e  wi t h t he  ve r t i c a l  c i r c ul a t i on a nd t he  c l os e d i nt e r i or  s pa c e . T he  di f f e r e nt i a t i on of  t he  bui l d-
i ng vol ume s  ove r  t he  he i ght  de t e r mi ne s  c onc r e t e  vi s ua l  c onne c t i ons  a nd a l l ows  f or  a  hi gh l e ve l  
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of  na t ur a l  l i ght i ng of  t he  s pa c e s . Dur i ng t he  s umme r  pe r i od t he  a c t i vi t i e s  of  t he  c l os e d   l i vi ng 
r oom a r e  t r a ns f e r r e d i nt o t he  out e r  c ove r e d s pa c e  t ha t  i s  de f i ne d by t he  s t r uc t ur a l  gr i d, t he  wa t e r  
pond a nd t he  c ur ve d wa l l , e nc a s i ng t he  pa i nt i ng s t udi o. T he  da t a  l ogge r  wa s  pl a c e d on s i t e  a t  
19: 00 hr s , 31s t  J ul y 2003, f or  a  t i me  s pa n of  24 hour s . T he  r e s ul t s  a r e  pr e s e nt e d i n Fi gur e s  6, 7 
a nd T a bl e  1. 
 
Figures  6, 7. Temperature and relative humidity data of building in 3.1. 
 
T a b le  1 .  Re s ults o f d a ta  a na lysis o f b uild ing in 3 . 1 .   
T e m p e r a tur e  Co  Re s i d e nc e  Re fe r e nc e  E xte r na l  
M a x  3 2 . 6  3 4 . 6  3 8 . 1  
M in  2 6 . 4  3 0 . 2  2 1 . 2  
a ve r a ge  2 9 . 3  3 2 . 1  2 9 . 8  
fluc tua tio n  6 . 2  4 . 4  1 6 . 9  
H umid ity  RH %     
M a x  4 9 . 0  6 0 . 0  7 8 . 0  
M in  2 7 . 0  2 4 . 0  1 8 . 0  
a ve r a ge  4 2 . 0  4 5 . 1  4 9 . 0  
fluc tua tio n  2 2 . 0  3 6 . 0  6 0 . 0  
D iffe r e nc e s b e t we e n r e fe r e nc e  a nd  r e sid e nc e  und e r  stud y  
 M a x  min  a ve r a ge  
T e mp e r a tur e  C o  2 . 0  3 . 8  2 . 8  
H umid ity  RH %  1 1 . 0  - 3 . 0  3 . 1  
T e mp e r a tur e  D iffe r e nc e  a c r o ss flo o r  le ve ls  2 . 1  C o  
3.2  Telemachos Kanthos Residence, design 1959, construction 1960 
T he  s pa c e s  of  t he  bui l di ng a r e  di vi de d i n t wo l e ve l s , whi l e  t he  r e s i de nc e  i s  s i t ua t e d on t he  
gr ound f l oor , a nd t he  wor ks hop of  t he  pa i nt e r  wi t hi n t he  uppe r  vol ume , on t he  ba c k-s i de  of  t he  
pl ot  ( Fi gur e  2) . T he  l a r ge  pol ygona l  s pa c e  of  t he  l i vi ng r oom c ompr i s e s  t he  ma i n or ga ni za t i on 
e l e me nt  of  t he  f l oor  pl a n. T he  a c c e s s  t o t he  wor ks hop i s  a c hi e ve d t hr ough a n i nde pe nde nt  e x-
t e r na l  s t a i r c a s e , s o t ha t  pr i va c y of  t he  s pa c e  i s  obt a i ne d. T he  i nc l i ne d r oof  of  t he  s pa c e  a nd t he  
l a r ge  nor t h gl a s s  f a c a de  t ha t  e na bl e s  a n uni nt e r r upt e d vi e w a r e  mos t  i nt e r e s t i ng e l e me nt s  of  t he  
c ompos i t i on. T he  s e mi -ope n a i r  gr ound s pa c e  unde r ne a t h of  t he  wor ks hop i s  us e d a s  s e mi -ope n 
a i r  l i vi ng s pa c e  i n t he  s umme r . T he  ve r t i c a l  di f f e r e nt i a t i on of  t he  r e s i de nc e  s pa c e s  a nd t he  
wor ks hop e na bl e s  i nt e ns i ve  vi s ua l  c onne c t i ons  t owa r ds  a l l  di r e c t i ons  ( M i c ha e l  2003) . The data 
logger was placed on site at 12:00 hrs, 21 st August 2003, for a time span of 24 hours. The results are pre-
sented in Fi gures 8, 9 and Table 2. 
 
 
Figures 8, 9 . Temperature and relative humidity data of building in 3.2. 
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T a b le  2 .  Re sults o f d a ta  a na lysis o f b uild ing in 3 . 2 .   
T e mp e r a tur e  Co  Re s i d e nc e  Re fe r e nc e  E xte r na l  
M a x 3 3 . 2  3 5 . 1  3 9 . 5  
M in 2 8 . 1  3 0 . 2  2 3 . 0  
a ve r a ge  3 0 . 2  3 2 . 2  3 0 . 8  
fluc tua tio n 5 . 1  4 . 9  1 6 . 5  
H umid ity RH %    
M a x 7 6 . 0  6 5 . 0  8 1 . 0  
M in 2 8 . 0  1 7 . 0  1 5 . 0  
a ve r a ge  4 4 . 1  3 4 . 3  4 5 . 0  
fluc tua tio n 4 8 . 0  4 8 . 0  6 6 . 0  
D iffe r e nc e s b e twe e n r e fe r e nc e  a nd  r e sid e nc e  und e r  stud y 
 ma x min a ve r a ge  
T e mp e r a tur e  C o  1 . 9  2 . 1  2 . 0  
H umid ity RH % 
-1 1 . 0  -1 1 . 0  -9 . 9  
T e mp e r a tur e  D iffe r e nc e  a c r o ss flo o r  le ve ls ----- 
3.3 Andreas Koumoulis Residence, design 1964, construction 1966 
T he  r e s i de nc e  of  K oumoul i s  Andr e a s  i s  a  t wo s t or e y bui l di ng, c ons t r uc t e d on a  hi ghl y i nc l i ne d 
pl ot  wi t h t he  l owe r  l e ve l  a t  t he  ba c k ( Fi gur e  3) . T he  uni f i e d ope n s pa c e s  of  t he  gr ound f l oor  a r e  
a r t i c ul a t e d i n t he i r  f unc t i ons  t hr ough a l t i t ude  di f f e r e nc e s . T he  s pa c e s  wi t h hi gh e ne r gy c on-
s umpt i on a r e  s i t ua t e d on t he  s out h f or  ma xi mum s ol a r  ga i ns . T he  gr ound f l oor  a r e a  c ont a i ns  a  
wi nt e r  ga r de n t ha t  i s  us e d a s  l i vi ng r oom i n t he  wi nt e r . T he  c ove r e d s pa c e  a t  t he  s out he a s t  c or -
ne r  of  t he  bui l di ng i s  us e d a s  s e mi  ope n s pa c e  a nd a s  out door  l i vi ng r oom i n t he  s umme r . Al l  
gr ound f l oor  s pa c e s  a r e  di r e c t l y r e l a t e d wi t h t he  ope n s pa c e s  ( M i c ha e l  2003) . The data logger was 
placed on site at 19:00 hrs, 11 th  August 2003, for a time span of 24 hours. The results are presented in Fig-
ures 10, 11 and Table 3. 
 
 
  
 
 
 
 
 
Figures 10,  11. Temperature and relative humidity data of building in 3.3. 
 
T a b le  3 .  Re sults o f d a ta  a na lysis o f b uild ing in 3 . 3 .   
T e mp e r a tur e  Co  Re s i d e nc e  Re fe r e nc e  E xt e r na l  
M a x  2 9 . 9  3 2 . 8  3 7 . 3  
M in  2 7 . 7  2 8 . 5  2 2 . 3  
a ve r a ge  2 8 . 7  3 0 . 1  2 8 . 9  
fluc tua tio n  2 . 3  4 . 3  1 5 . 0  
H umid ity  RH %     
M a x  4 9 . 0  6 3 . 0  7 5 . 0  
M in  3 1 . 0  2 5 . 0  1 5 . 0  
a ve r a ge  4 3 . 0  5 1 . 6  5 5 . 5  
fluc tua tio n  1 8 . 0  3 8 . 0  6 0 . 0  
D iffe r e nc e s b e twe e n r e fe r e nc e  a nd  r e sid e nc e  und e r  stud y  
 ma x  min  a ve r a ge  
T e mp e r a tur e  C o  2 . 9  0 . 8  1 . 4  
H umid ity  RH %  1 4 . 0  - 6 . 0  8 . 6  
T e mp e r a tur e  D iffe r e nc e  a c r o ss flo o r  le ve ls  2 . 1  C o  
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3.4 Panos Eliophotou Residence, design 1965, construction 1966 
T he  pl ot  i s  s i t ua t e d a t  a  he i ght  of  a bout  2.5m f r om t he  s t r e e t  l e ve l  ( Fi gur e  4) . T he  bui l di ng de -
ve l ops  a t  a  hor i zont a l  l e ve l  a bove  t he  i nc l i ne d gr ound s e c t i on, whi l e  t he  pa r ki ng pl a c e s  a nd t he  
e xt e r na l  s t a i r c a s e  a r e  a t  t he  l e ve l  of  t he  s t r e e t . T he  e nt r a nc e  of  t he  bui l di ng i s  f or me d t hr ough 
t he  i nc l i na t i on of  t he  di ni ng r oom i n t he  f l oor  pl a n. T he  gr ound f l oor  s pa c e s  a r e  or ga ni s e d 
a r ound a n i nt e r na l  ya r d, f or mi ng t hus  a  « Π» s ha pe  wi t h t he  s out h-e a s t  s i de  ope n. T hi s  s pa c e  
c ompr i s e s  t he  ma i n ope n s pa c e  of  t he  r e s i de nc e ;  i n a ddi t i on i t  di vi de s  t he  f unc t i ona l  s pa c e s  of  
t he  bui l di ng be t we e n s oc i a l  a nd pr i va t e  ( M i c ha e l  2003) .The data logger was placed on site at 14:00 
hrs, 30 th July 2003, for a time span of 24 hours. The results are presented in Figures 12, 13 and Table 4. 
Figures 12, 13. Temperature and relative humidity data of building in 3.4. 
 
 
T a b le  4 .  Re s ults o f d a ta  a na lysis o f b uild ing in 3 . 4 .   
T e mp e r a tur e  Co  Re s i d e nc e  Re fe r e nc e  E xte r na l  
M a x  2 9 . 9  3 2 . 9  3 8 . 2  
M in  2 8 . 2  2 9 . 6  2 4 . 2  
a ve r a ge  2 9 . 0  3 1 . 1  3 0 . 7  
fluc tua tio n  1 . 7  3 . 3  1 4 . 0  
H umid ity  RH %     
M a x  4 9 . 0  5 9 . 0  7 4 . 0  
M in  3 2 . 0  2 5 . 0  1 7 . 0  
a ve r a ge  3 9 . 2  3 8 . 8  4 1 . 1  
fluc tua tio n  1 7 . 0  3 4 . 0  5 7 . 0  
D iffe r e nc e s b e twe e n r e fe r e nc e  a nd  r e s id e nc e  und e r  stud y  
 ma x  min  a ve r a ge  
T e mp e r a tur e  C o  2 . 9  1 . 4  2 . 2  
H umid ity  RH %  1 0 . 0  - 7 . 0  - 0 . 3  
T e mp e r a tur e  D iffe r e nc e  a c r o ss flo o r  le ve ls  2 . 1  C o  
 
 
3.5 Nicos Georgiou Residence, design 1967, construction 1968 
T he  bui l di ng hous e s , t he  r e s i de nc e  a nd t he  doc t or a l  pr a c t i c e  of  t he  owne r .. T he  bui l t -up vol ume  
on t he  gr ound l e ve l  f or ms  a  «C» s ha pe  wi t h t he  s i de  t owa r ds  t he  s t r e e t  ope n, whi l e  t he  f i r s t  
f l oor  ha s  a n «L» s ha pe  ( Fi gur e  5) . T hi s  di s pos i t i on e na bl e s  i nt e ns i ve  vi s ua l  c onne c t i ons . T he  
t wo f l oor s  a r e  c onne c t e d t hr ough t he  a t r i um t ha t  c ompr i s e s  t he  c e nt r a l  s pa c e  of  t he  f l oor  pl a n, 
c ont a i ni ng a l s o t he  ve r t i c a l  c i r c ul a t i on. T hr ough t he  pl a c e me nt  of  t he  a t r i um on t he  e a s t  s i de  of  
t he  e nt r a nc e , t he  s pa c e s  of  t he  r e s i de nc e  a r e  di vi de d e f f e c t i ve l y f r om t he  pr a c t i c e  t ha t  f unc t i ons  
i nde pe nde nt l y. T he  t wo r e s i de nc e  l e ve l s  a r e  c ha r a c t e r i ze d by a  c l e a r  f unc t i ona l  di vi s i on ( M i -
c ha e l  2003) . The data logger was placed on site at 13:00 hrs, 05 th August 2003, for a time span of 24 
hours. The r esults are presented in Figures 14, 15 and Table 5. 
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Figur e s 1 4 ,  1 5 .  T e mp e r a tur e  a nd  r e la tive  humid ity d a ta  o f b uild ing in 3 . 5 .  
T a b le  5 .  Re sults o f d a ta  a na lysis o f b uild ing in 3 . 5 .   
T e mp e r a tur e  Co  Re s i d e nc e  Re fe r e nc e  E xte r na l  
M a x  3 0 . 1  3 4 . 0  3 8 . 5  
M in  2 7 . 8  3 0 . 2  2 3 . 6  
a ve r a ge  2 8 . 7  3 1 . 6  2 9 . 5  
fluc tua tio n  2 . 2  3 . 8  1 4 . 9  
H umid ity  RH %     
M a x  8 0 . 0  7 0 . 0  8 5 . 0  
M in  4 9 . 0  4 5 . 0  2 9 . 0  
a ve r a ge  6 7 . 4  6 2 . 2  6 4 . 2  
fluc tua tio n  3 1 . 0  2 5 . 0  5 6 . 0  
D iffe r e nc e s b e twe e n r e fe r e nc e  a nd  r e sid e nc e  und e r  stud y  
 ma x  min  a ve r a ge  
T e mp e r a tur e  C o  3 . 9  2 . 3  2 . 9  
H umid ity  RH %  - 1 0 . 0  - 4 . 0  - 5 . 3  
T e mp e r a tur e  D iffe r e nc e  a c r o ss flo o r  le ve ls  1 . 6  C o  
4 ANALYSIS 
4.1 Bioclimatic Design 
Ha vi ng i n mi nd t he  r ul e s  a nd s t r uc t ur a l  f or ms  of  mode r ni s m i n a r c hi t e c t ur e , Ne opt ol e mos  M i -
c ha e l i de s  a t t e mpt e d t o ma t e r i a l i s e  a  mode r n a r c hi t e c t ur e  i n Cypr us , s t r ongl y r e l a t e d t o t he  c l i -
ma t i c  c ondi t i ons  a nd i di os ync r a s i e s  of  t he  Cypr us  l a nds c a pe , a s  we l l  a s  t o s pe c i f i c  s pa t i a l  c ha -
r a c t e r i s t i c s , s uc h a s  t he  i nt e r na l  ya r d a nd t he  gr a dua l  pa s s a ge  t owa r ds  t he  i nt e r na l  s pa c e s  
( Ec onomi de s  1992, M i c ha e l  2003, M i c ha e l  & Pa pa ni kol a ou 2002) . In Ne opt ol e mos  M i c ha e -
l i de s ’  wor k, t he  s un be c ome s  a  c ompos e d e l e me nt , wi t h t he  r e s i de nc e s  be i ng ope ne d or  
s hi e l de d a ga i ns t  i t ;  t he  wi nd de t e r mi ne s  t he  pos i t i on a nd s i ze s  of  t he  ope ni ngs , whi l e  ve ge t a t i on 
a nd wa t e r  be c ome  pa r t  of  t he  bui l di ngs . Re s i de nc e s  c e a s e  t o be  pa s s i ve  r e c e pt or s  of  t he  we a t he r  
c ondi t i ons , but  a r e  c ompos e d s o a s  t o ope r a t e  dyna mi c a l l y ba s e d on t he m ( M i c ha e l  2003) . A s e -
r i e s  of  de s i gn s t r a t e gi e s  t ha t  a ppe a r  f r om t he  be gi nni ng of  t he  de s i gn pr oc e s s , e ns ur e  t he r ma l  
i mpr ove me nt s  i n t he  c ondi t i ons  of  t he  bui l di ngs , a ppr oa c hi ng opt i mum l e ve l s  of  t he r ma l  c om-
f or t . T he  de f i ni t i on of  t he s e  pa r a me t e r s  i s  a t t e mpt e d a s  f ol l ows , ba s e d on qua l i t a t i ve  obs e r va -
t i ons  r e l a t e d t o t he  s umme r  a nd wi nt e r  pe r i od ( Fi gur e  16) :  
T he  r e s i de nc e  bui l di ngs  ha ve  s out h or  s out he a s t  or i e nt a t i on. T he  ma i n s pa c e s  a r e  s i t ua t e d 
t owa r ds  t he  s out h, but  whe n t hi s  i s  not  pos s i bl e , s unl i ght  f r om t he  s out h i s  obt a i ne d t hr ough t he  
us e  of  s kyl i ght s . T he  e xt e r i or  wa l l s  ha ve  no ope ni ngs  t owa r ds  t he  we s t  a nd nor t h, mi ni mi zi ng 
t hus  t he  t he r ma l  l os s e s  a nd pr e ve nt i ng t he  c ol d wi nds  dur i ng t he  wi nt e r  s e a s on. Sma l l -s i ze d 
ope ni ngs  a r e  s ui t a bl y pl a c e d t o e ns ur e  c ool i ng dur i ng t he  s umme r  mont hs . T he  s ma l l  ope ni ngs  
i nc r e a s e  t he  s pe e d of  wi nd i n t he  i nt e r i or  of  t he  bui l di ngs , i mpr ovi ng t he  r e s ul t s  of  c ool i ng. 
Sun pr ot e c t i on f or  t he  ope ni ngs  i s  a c hi e ve d t hr ough pr oj e c t i ons , ve ne t i a n bl i nds , pe r gol a s  
a nd pl a nt i ng. Pa r t i c ul a r  e mpha s i s  wa s  gi ve n i n a voi di ng a n ove r he a t i ng of  t he  s pa c e s  dur i ng t he  
s umme r  pe r i od. 
Cool i ng pl a ys  pe r ha ps  t he  mos t  i mpor t a nt  r ol e  f or  e ns ur i ng t he r ma l  c omf or t  i n t he  r e s i -
de nc e s . It  i s  a c hi e ve d t hr ough ope ni ngs  on bot h, t he  e xt e r na l  a nd i nt e r na l  wa l l s  t ha t  e na bl e  t he  
f l ow of  a i r  t hr oughout  t he  r e s i de nc e . Dur i ng t he  ni ght  i t  i s  a c hi e ve d t hr ough ope ni ngs  on t he  
r oof  a nd e va por a t i on of  wa t e r  f r om r e s e r voi r s , wa t e r wor ks  a nd wa t e r  pool s . 
Sui t a bl e  pl a nt i ng gua r a nt e e s  s un-pr ot e c t i on a nd c ool i ng of  t he  i nt e r i or  of  t he  r e s i de nc e s . T he  
pr e s e nc e  of  de c i duous  pl a nt s , t r e e s  a nd c l i mbi ng bus he s  on t he  e xt e r i or  wa l l s  s uppor t s  t he  c ool -
i ng a nd s ha di ng of  t he  bui l di ng, bot h hor i zont a l l y a nd ve r t i c a l l y. T he  f a l l  of  l e a ve s  dur i ng t he  
wi nt e r  mont hs  a l l ows  t he  e nt r y of  s unl i ght  a nd c ons e que nt l y t he  he a t i ng of  bot h, ope n-a i r  a nd 
i nt e r i or  s pa c e s . T he  pr e s e nc e  of  e ve r gr e e n t r e e s  pr e ve nt s , or  di r e c t s  t he  f l ow of  a i r . At r i ums  a nd 
i nt e r na l  pa t i os  c ont r i but e  t o t he  i mpr ove me nt  of  t he  c l i ma t i c  i ndoor  c ondi t i ons , due  t o t he  e xi s -
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t e nc e  of  ve ge t a t i on a nd wa t e r  i n t he  c or e  of  t he  r e s i de nc e s , whi l e  t he  non-c ompa c t  c onf i gur a -
t i on of  t he  gr ound pl a n l a yout s  e ns ur e s  be t t e r  ve nt i l a t i on of  t he  i nt e r i or  s pa c e s . 
T he  t he r ma l  i ns ul a t i on of  t he  bui l di ng e nve l ope s  s e r ve s  f or  t he  pr ot e c t i on of  t he  bui l di ngs  
f r om t he  out s i de  we a t he r  c ondi t i ons , i nc r e a s i ng a t  t he  s a me  t i me  t he i r  t he r ma l  i na c t i vi t y. 
Appr opr i a t e  me a s ur e s  we r e  t a ke n f or  ma xi mum na t ur a l  l i ght i ng of  t he  i nt e r i or  s pa c e s . La r ge  
ope ni ngs , a t r i ums  a nd r i c h ve ge t a t i on e ns ur e  opt i c a l  c omf or t , hi gh l e ve l  of  l i ght i ng a nd pl e a s a nt  
vi e ws , c r i t e r i a  t ha t  a f f e c t  t he  s e nt i me nt a l  a nd ps yc hol ogi c a l  s i t ua t i on, a s  we l l  a s  t he  t he r ma l  
c omf or t  of  t he  oc c upa nt s . 
 
Figur e  1 6 .  B io c lima tic  d e sign str a te gie s,  a p p lie d  in the  b uild ings sa mp le .  
4.2  Buildings Thermal Performance 
T he  me a n ma xi m um t e mpe r a t ur e  of  t he  bui l di ngs  s a mpl e  i s  30.4 º C, i .e . 3.0 º C l owe r  t ha n t he  
me a n ma xi mum t e mpe r a t ur e  of  t he  r e f e r e nc e  bui l di ng. T he  r e s pe c t i ve  t e mpe r a t ur e  va l ue  of  t he  
e xt e r na l  e nvi r onme nt  a t  t he  s a me  t i me  pe r i od i s  37.9 º C. T he  me a n mi ni mum t e mpe r a t ur e  of  t he  
bui l di ngs  i s  27.8 º C, i .e . 3.2 º C l owe r  t ha n t he  me a n mi ni mum t e mpe r a t ur e  of  t he  r e f e r e nc e  
bui l di ng. T he  r e s pe c t i ve  t e mpe r a t ur e  va l ue  of  t he  e xt e r na l  e nvi r onme nt  i s  23.4 º C, t hus  s i gni f i -
c a nt l y l owe r  t ha n t he  t e mpe r a t ur e s  i n t he  i nt e r i or  s pa c e s . T he  me a n t e mpe r a t ur e  f l uc t ua t i on f or  
t he  bui l di ngs  i s  2.7 º C a nd f or  t he  r e f e r e nc e  bui l di ng, 3.2 º C. T he  s i mi l a r i t y i n t he s e  r e s ul t s  i s  
due  t o t he  f a c t  t ha t  t he  bui l di ngs  unde r  r e vi e w a nd t he  r e f e r e nc e  bui l di ng a r e  c ons t r uc t e d wi t h 
r e l a t i ve l y he a vy-we i ght  ma t e r i a l s  of  hi gh he a t  i ne r t i a  ( >  400 kg/ m 2 ) . T he  me a n t e mpe r a t ur e  
f l uc t ua t i on of  t he  e xt e r na l  e nvi r onme nt  i s  14.5 º C ( Fi gur e  17) . 
T he  bui l di ngs  s a mpl e  pr ovi de d a  me a n ma xi mum r e l a t i ve  humi di t y of  57.6 RH% , a  me a n 
mi ni mum va l ue  of  37.6 RH% , i .e . a  me a n f l uc t ua t i on va l ue  of  20.0 RH% . T he  me a n ma xi mum 
r e l a t i ve  humi di t y of  t he  r e f e r e nc e  bui l di ng i s  r e gi s t e r e d 4.4 RH%  a bove  t he  r e s pe c t i ve  va l ue  of  
t he  bui l di ngs  s a mpl e , a nd i t s  me a n mi ni mum va l ue  i s  r e gi s t e r e d 5.6 RH%  be l ow t he  r e s pe c t i ve  
va l ue  of  t he  bui l di ngs  s a mpl e . T he s e  va l ue s  gi ve  a n i nc r e a s e  of  t he  me a n f l uc t ua t i on of  30.0 
RH% . For  t he  s a me  t i me  pe r i od t he  e xt e r na l  e nvi r onme nt  ha d a  me a n ma xi mum r e l a t i ve  humi d-
i t y of  75.8 RH%  a nd a  me a n mi ni mum r e l a t i ve  humi di t y of  22.2 RH% . T he  r e s pe c t i ve  f l uc t ua -
t i on i s  53.6 RH%  ( Fi gur e  18) . 
Figur e  1 7 ,  1 8 .  Co mp a r iso n b a r s o f me a n te mp e r a tur e s a nd  me a n r e la tive  humid ity.  
 
 
T he  di a gr a ms  of  t he  me a n t e mpe r a t ur e  a nd t he  me a n r e l a t i ve  humi di t y f or  t he  e nt i r e  t i me  pe -
r i od pr ovi de  i nf or m a t i on on t he  r e s pe c t i ve  t i me -de pe nde nt  f l uc t ua t i ons . In t he  c a s e  of  t e mpe r a -
t ur e s , t he  f l uc t ua t i on c ur ve s  a r e  s i mi l a r . T he  bui l di ngs  s a mpl e  c ur ve  ha s  s i gni f i c a nt l y l ow va l -
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ue s  c ompa r e d t o t he  r e s pe c t i ve  c ur ve  of  t he  r e f e r e nc e  bui l di ng, wi t h 3.5 º C a t  14: 40 hr s  a nd 1.5 
º C a t  20: 30 hr s . T he  c or r e s pondi ng c ur ve  t o t he  e xt e r na l  e nvi r onme nt  t e mpe r a t ur e s  ha s  hi gh 
f l uc t ua t i on, wi t h a  me a n mi ni mum va l ue  of  23.4 º C a t  05: 40 hr s  a nd a  me a n ma xi mum va l ue  of  
37.9 º C a t  14: 40 hr s . M i ni mum t e mpe r a t ur e s  i n t he  bui l di ngs  de ve l op a t  06: 00 hr s  a nd ma xi -
mum one s , a t  18: 10 hr s . Al t hough t he  e xt e r na l  e nvi r onme nt  ha s  a  t e mpe r a t ur e  f a l l  f r om 14: 40 
hr s  unt i l  17: 40 hr s , a t  t he  s a me  t i me  s pa n t he  bui l di ngs  unde r  r e vi e w a nd t he  r e f e r e nc e  bui l di ng 
s how a  t e mpe r a t ur e  i nc r e a s e  ( Fi gur e  19) . T hi s  i s  due  t o t he  t he r ma l  ma s s  of  t he  bui l di ng 
e nve l ope  a nd t he  c ont r i but i on of  s ol a r  r a di a t i on i n t he  i nt e r i or  s pa c e s . 
T he  gr a phi c  pr e s e nt a t i on of  t he  me a n r e l a t i ve  humi di t y s hows  f or  t he  bui l di ngs  s a mpl e  a  
f l uc t ua t i on va l ue  of  20.0 RH% , f or  t he  r e f e r e nc e  bui l di ng, 30.0 RH% , a nd f or  t he  e xt e r na l  e nvi -
r onme nt , 53.6 RH% . T he  r e gi s t e r e d me a n va l ue s  a r e  a l mos t  c ons t a nt , wi t hi n a  r a nge  f r om 47.2 
RH%  t o 51.1 RH% . M a xi mum va l ue s  de ve l op dur i ng t he  e ve ni ng hour s  ( be t we e n 23: 50 hr s  a nd 
00: 50 hr s )  a nd mi ni mum va l ue s  dur i ng t he  a f t e r noon hour s  ( Fi gur e  20) . T hi s  pr ove s  t he  r e c i -
pr oc a l  r e l a t i on be t we e n t e mpe r a t ur e  a nd r e l a t i ve  humi di t y. 
 
Figur e  1 9 ,  2 0 .  M e a n te mp e r a tur e  fluc tua tio n c ur ve s a nd  me a n r e la tive  humid ity fluc tua tio n c ur ve s.  
5 CONCLUSIONS 
T he  a r c hi t e c t  Ne opt ol e mos  M i c ha e l i de s  a i me d t hr ough hi s  a r c hi t e c t ur a l  wor k a t  e nvi r onme nt a l -
l y a nd c l i ma t i c a l l y s e ns i t i ve  de s i gns , e ve n t hough i n t he  pa s t  ye a r s  e ne r gy e f f i c i e nc y wa s  not  a  
pr i ma r y c a s e  of  c onc e r n. T he  bi oc l i ma t i c  pr i nc i pl e s , a ppl i e d by t he  a r c hi t e c t  f r om t he  f i r s t  s t a g-
e s  of  t he  de s i gn pr oc e s s , de t e r mi ne  e xt e ns i ve l y t he  c ompos i t i on a nd t he  s pa t i a l  c onf i gur a t i on of  
t he  bui l di ngs  ( Gi voni  1994) . T hi s  c a n be  c onf i r me d by t he  s a t i s f a c t or y r e s ul t s , obt a i ne d a s  r e -
ga r ds  t he  t e mpe r a t ur e  a nd r e l a t i ve  humi di t y of  t he  f i ve  bui l di ngs  r e vi e we d f or  t he  s umme r  pe -
r i od i n t hi s  pa pe r . T he  c ol l e c t i on of  r e l e va nt  da t a  f or  t he  e nt i r e  pe r i od of  t he  ye a r  c a n pr ovi de  a  
mor e  r ounde d-up doc ume nt a t i on of  t he  t he r ma l  pe r f or ma nc e  of  t he  bui l di ngs . T he  r e s e a r c h ma y 
be  e xt e nde d t o i nc l ude  a n e va l ua t i on of  t he  l e ve l  of  na t ur a l  l i ght i ng i n t he  i nt e r i or  s pa c e s  a nd 
ot he r  pa r a me t e r s  t ha t  c ont r i but e  t o t he  i mpr ove me nt  of  t he  e ne r gy e f f i c i e nc y of  t he  bui l di ngs  
a nd t he  huma n c omf or t  of  t he  oc c upa nt s . 
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1 INT RODUCT ION 
Publ i c  bui l di ngs  i n ge ne r a l  c a n he l p i nf or m a nd e duc a t e  t he  publ i c  on e nvi r onme nt a l  i s s ue s  a nd 
e ne r gy e f f i c i e nc y. At  t he  s a me  t i me , publ i c  bui l di ngs  c ons t i t ut e  c i t y l a ndma r ks , a nd, e s pe c i a l l y 
i f  t he y a r e  s e l e c t e d by a  c ompe t i t i on j ur y, t he i r  de s i gn a nd c ons t r uc t i on t e nd t o f ol l ow, t o s ome  
e xt e nt , c ont e mpor a r y a r c hi t e c t ur a l  t r e nds . T own ha l l s  a r e  bui l di ngs , whi c h hous e  a dmi ni s t r a -
t i on, i nf or ma t i on, e xhi bi t i on a nd r e c r e a t i on a c t i vi t i e s , a nd a i m a t  pr ovi di ng t he  ge ne r a l  publ i c  
wi t h a s s i s t a nc e  c onc e r ni ng va r i ous  a s pe c t s  of  l oc a l  a dmi ni s t r a t i on. As  s uc h, t he i r  de s i gn s e e ks  
t o c ombi ne  t he  de ma nd f or  s t a ndi ng out  a s  s ymbol s  of  t he  de moc r a t i c  pr oc e s s e s , wi t h t he  ne e d 
t o c r e a t e  a  he a l t hy a nd we l c omi ng i nt e r i or  e nvi r onme nt  f or  bot h e mpl oye e s  a nd vi s i t or s . In a d-
di t i on, t he  pr opos e d bui l di ng wi l l  ul t i ma t e l y pr omot e  a nd e nf or c e  t he  r e l a t i ons hi p be t we e n t he  
c i t i ze ns  a nd t he  l oc a l  a dmi ni s t r a t i on. 
In t he  l a s t  ye a r s , t he  c ont i nuous l y gr owi ng c onc e r n f or  c l i ma t e  c ha nge  a nd e nvi r onme nt a l  
de gr a da t i on ha s  i ne vi t a bl y l e a d t o t he  i nt r oduc t i on of  bi oc l i ma t i c  a nd e nvi r onme nt a l l y-f r i e ndl y 
de s i gn pr i nc i pl e s  t o t he  a l r e a dy c ompl e x a nd de ma ndi ng a r c hi t e c t ur a l  de s i gn of  publ i c  bui l d-
i ngs . T hi s  l e d t o t he  hi gh-qua l i t y de s i gn pr oj e c t s , s uc h a s  t he  London Ci t y Ha l l  ( Fos -
t e r + Pa r t ne r s , 1998-2002)  ( ht t p: / / www.f os t e r a ndpa r t ne r s .c om)  a nd t he  Bol ogna  Ci vi c  Of f i c e s  
( M a r i o Cuc i ne l l a  Ar c hi t e c t s , 2003-2009)  ( ht t p: / / www.e -a r c hi t e c t .c o.uk) , whi c h i nc or por a t e  
pa s s i ve  he a t i ng a nd c ool i ng, da yl i ght i ng a nd r e ne wa bl e  e ne r gy s our c e s  f e a t ur e s  t ha t  a i m a t  
mi ni mi zi ng c onve nt i ona l  e ne r gy c ons umpt i on a nd pr omot i ng s us t a i na bi l i t y a t  t he  s a me  t i me .  
For  t he  ne w De r yne i a  T own Ha l l  ( DT H) , t he  c ompe t i t i on br i e f  ( M uni c i pa l i t y of  De r yne i a  
2008)  a s ke d f or  a  bui l di ng t ha t  woul d a c t i ve l y c ompl y wi t h t he  pr i nc i pl e s  of  s us t a i na bl e  de ve l -
opme nt  a s  s t a t e d by t he  Br undt l a nd Commi s s i on. A bui l di ng i n whi c h c omf or t a bl e  t he r ma l  a nd 
Earth , win d  an d  s u n : B io climatic p arameters  in  an  arch itectu ral 
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ABST RACT :  T hi s  s t udy pr e s e nt s  t he  pr oc e s s  of  t he  de s i gn pr opos a l  f or  t he  ne w T own - Ha l l  of  
De r yne i a , Cypr us . De r yne i a  i s  a  “ di vi de d”  muni c i pa l i t y s i nc e  1974 a nd f or  t hi s  r e a s on t he  pr o-
pos e d bui l di ng ha d t o s a t i s f y, a pa r t  f r om t he  a f or e -me nt i one d e nvi r onme nt a l  a nd a r c hi t e c t ur a l  
de ma nds , t he  ne e d t o e xpr e s s  s ymbol i c a l l y t he  pol i t i c a l  s i t ua t i on. T he  a i m of  t he  s t udy i s  t o 
e va l ua t e  bi oc l i ma t i c  be ha vi our  of  t he  pr opos e d a r c hi t e c t ur a l  de s i gn. M or e  s pe c i f i c a l l y, t hi s  
e va l ua t i on c onc e r ns  t he  t he r ma l  be ha vi our  of  t he  bui l di ng s he l l , t he  pa s s i ve  he a t i ng a nd c ool i ng 
s t r a t e gi e s  t ha t  a r e  i nt e gr a t e d t o t he  de s i gn, a s  we l l  a s  t he  a c hi e ve d da yl i ght i ng c ondi t i ons . Da y-
l i ght i ng c ondi t i ons  a r e  a na l ys e d wi t h t he  us e  of  s of t wa r e  f or  bot h ove r c a s t  ( wi nt e r )  a nd c l e a r  
( s umme r  a nd i nt e r me di a t e  s e a s ons )  s ky c ondi t i ons , i n or de r  t o e va l ua t e  t he  i nf l ue nc e  of  t he  r oof  
s kyl i ght s .  
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vi s ua l  c omf or t  c ondi t i ons  a nd i nt e r i or  a i r  qua l i t y woul d be  a c hi e ve d pr i ma r i l y wi t h c a r e f ul  bi o-
c l i ma t i c  de s i gn, whi c h woul d ha ve  r e duc e d e ne r gy de ma nd f or  he a t i ng, c ool i ng ( <  30 kW h/ m 2 )  
a nd l i ght i ng ( <  8 kW h/ m 2 )  a nd whe r e  t he  pr opos e d bui l di ng ma t e r i a l s  woul d a s s ur e  t he  ma xi -
mum pos s i bl e  l onge vi t y wi t h t he  l e a s t  pos s i bl e  ma i nt e na nc e . It  i s  i mpor t a nt  t o not e  t ha t  t he r e  
wa s  a n a ddi t i ona l  pr e r e qui s i t e  t ha t  pr a c t i c a l l y e xc l ude d t he  i nt e gr a t i on of  hi gh-t e c h e ne r gy c on-
s e r va t i on e l e me nt s , s t a t i ng “ t ha t  t he  e nvi r onme nt a l  pe r f or ma nc e  of  t he  bui l di ng s houl d de r i ve  
ma i nl y f r om t he  s i mpl i c i t y a nd r a t i ona l i t y of  t he  a r c hi t e c t ur a l  de s i gn” . It  wa s  t hi s  l a s t  poi nt  of  
t he  c ompe t i t i on br i e f  t ha t  a c t ua l l y de f i ne d i n whol e  t he  de s i gn pr opos a l  t ha t  i s  pr e s e nt e d i n t hi s  
pa pe r  a nd r e c e i ve d a n honour a bl e  me nt i on i n t he  homonymous  Cypr i ot  Ar c hi t e c t ur a l  Compe t i -
t i on.  
2 ARCHIT ECT URAL DESIGN PRINCIPLES 
2.1 Integration to the existing urban fabric 
De r yne i a  i s  a  s ma l l  ( 7500 i nha bi t a nt s ) , c oa s t a l  t own s i t ua t e d a t  t he  e a s t e r n pa r t  of  t he  i s l a nd of  
Cypr us  ( La t i t ude  35.1N, Longi t ude  34E) , ne a r  t he  c i t y of  Fa ma gus t a . Si nc e  t he  T ur ki s h i nva -
s i on i n 1974, a  l a r ge  pa r t  of  De r yne i a  ( 75% )  f a l l s  wi t hi n t he  oc c upi e d zone , a nd t he  t own ha s  
be e n de pr i ve d of  i t s  c ont a c t  wi t h t he  s e a  a nd Fa ma gus t a  ( M uni c i pa l i t y of  De r yne i a  2008) . 
T he  pr opos e d pr oj e c t  f or  t he  ne w t own-ha l l  of  t he  s e mi -oc c upi e d c ommuni t y of  De r yne i a  
s e e ks  t o c r e a t e  ne w c onne c t i ons  whi l e  s t r e ngt he ni ng t he  e xi s t i ng one s . ( Fi gur e  1)  T he  bui l di ng 
f r a me s  t he  oc c upi e d c oa s t , vi s ua l l y c onne c t i ng t he  he r e  a nd t he r e , pa s t  a nd pr e s e nt , pr e s e nc e  
wi t h a bs e nc e . T he  ur ba n pa s s a ge  t hr ough t he  bui l di ng c onne c t s  t he  t own c e nt r e , t he  he r oe s ’  
me mor i a l  a nd t he  ope n-a i r  t he a t e r  wi t h t he  c oa s t a l  zone . T he  bui l di ng s he l l  ( e pi de r mi s )  r e gu-
l a t e s  i t s  c ont a c t  wi t h t he  e nvi r onme nt , t he  vi e w a nd t he  c l i ma t i c  e l e me nt s  ( s un a nd wi nd) . 
 
  Fr a me  - Ur ba n Pa s s a ge  - Bui l di ng She l l   
 
Figur e  1 .  Ar c hite c tur a l d e sign p r inc ip le s o f the  p r o p o sa l.   
 
2.2 Functional organisation and design of open spaces 
T he  goa l  wa s  t o c r e a t e  a  we l c omi ng l a r ge  ye t  s he l t e r e d ope n s pa c e  t ha t  c a n r e f l e c t  t he  s ymbol i c  
a nd a dmi ni s t r a t i ve  c ha r a c t e r  of  t he  bui l di ng a nd t he n a r r a nge  t he  i nt e r i or  s pa c e s  on t wo ma i n 
l e ve l s  a nd a  ba s e me nt  f or  s e c onda r y us e s . 
T he  a c c e s s  f r om t he  s t r e e t  t o t he  gr ound f l oor  ( l e ve l  + 0.00)  i s  a c hi e ve d t hr ough a  s pa c i ous  
e xt e r i or  s t a i r c a s e . ( Fi gur e  2)  T he  e nt r a nc e  s pa c e  l e a ds  t o a n ope n, c e nt r a l  a t r i um s pa c e  wi t h 
t r a ns pa r e nt  bounda r i e s  a nd c l e a r  f unc t i ona l  or ga ni s a t i on. T he  dyna mi c  r e l a t i ons hi p be t we e n t he  
i nt e r i or  s pa c e s  a nd t he  s ur r oundi ng e nvi r onme nt  i s  a c c ompl i s he d t hr ough e xt e ns i ve  gl a ze d s ur -
f a c e s  whi c h a r e  ne ve r t he l e s s  pr ot e c t e d wi t h t he  a ppr opr i a t e  s ha di ng de vi c e  e a c h t i me . T he  c e n-
t r a l  a t r i um s pa c e  i s  t he  ma i n c onne c t i ng a nd uni f yi ng e l e me nt , a c t i ng a s  a  move me nt  di s t r i bu-
t or , a nd a t  t he  s a me  t i me  a l l owi ng t he  i mme di a t e  pe r c e pt i on of  t he  bui l di ng’ s  s t r uc t ur e  bot h 
f unc t i ona l l y a nd s ymbol i c a l l y. T he  mul t i -pur pos e  ha l l  i s  s e pa r a t e d f r om t he  ot he r  bui l di ng f unc -
t i ons  a nd i s  i n di r e c t  f unc t i ona l  c ont a c t  wi t h t he  e xhi bi t i on s pa c e , whi c h i s  pl a c e d c l os e  t o t he  
bui l di ng e xt e r i or  f a c a de  i n or de r  t o a c hi e ve  t he  be s t  pos s i bl e  pr oj e c t i on.  
T he  f l oor  ( l e ve l  + 3.95)  i nc l ude s  s ol e l y of f i c e -s pa c e s . T he  c onne c t i on wi t h t he  gr ound f l oor  i s  
a c hi e ve d t hr ough a  c e nt r a l , ope n s t a i r c a s e  pl a c e d i n t he  a t r i um, a nd t wo c l os e d s t a i r we l l s . T he  
de s i gn of  t he  i ndi vi dua l  ope n s pa c e s  pr omot e s  f l e xi bi l i t y a nd f unc t i ona l i t y. 
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T he  s ur r oundi ng s pa c e  of  t he  bui l di ng c ons t i t ut e s  a n i nt e gr a l  pa r t  of  t he  pr opos e d de s i gn. It  
a l l ows  t he  e a s y a c c e s s  a nd f r e e  e nt r a nc e  of  t he  c i t i ze ns  t o t he  bui l di ng, a nd f or ms  i t s  i mme di a t e  
ope n s pa c e . As  pa r t  of  t he  ope n s pa c e s , t he  e nt r a nc e  a r e a  i s  t he  ma i n s pa c e  f or  ga t he r i ng a nd 
s oc i a l  i nt e r a c t i on.  
 
 
 
Figur e  2 .  G r o und  flo o r  p la n o f the  b uild ing a nd  o p e n sp a c e s.  
 
 
  
 
Figur e  3 .  T hr e e -d ime nsio na l a sp e c ts o f the  b uild ing.  
 
 
2.3 Construction and materials 
T he  bui l di ng i s  c ons t r uc t e d of  r e i nf or c e d c onc r e t e  f r a me wor k, ve r y s i mi l a r  t o t he  c ur r e nt  bui l d-
i ng pr a c t i c e  i n Cypr us . T he  ve r t i c a l  s uppor t i ng e l e me nt s , t he  ma j or i t y of  whi c h a r e  s ha r e  wa l l s , 
a r e  pl a c e d on a  gr i d, whi c h c or r e s ponds  t o t he  f unc t i ona l  or ga ni s a t i on of  t he  pl a n a nd t he  ne e d 
t o pr ovi de  a de qua t e  s e i s mi c  pr ot e c t i on. T he  hor i zont a l  e l e me nt s  a r e  45-c m c onc r e t e  s l a bs , 
whi c h e ns ur e  t he  di a phr a gma t i c  f unc t i on of  t he  hor i zont a l  s ur f a c e s  a nd, a t  t he  s a me  t i me  pr o-
vi de  s i gni f i c a nt  t he r ma l  ma s s . 
3 BIOCLIM AT IC DESIGN AND ENV IRONM ENT AL APPROACH 
3.1 Climatic analysis 
T he  e nvi r onme nt a l  a ppr oa c h of  t he  de s i gn pr opos a l  i s  di r e c t l y l i nke d t o s e l e c t e d bi oc l i ma t i c  de -
s i gn pr i nc i pl e s , whi c h we r e  de r i ve d f r om t he  c l i ma t i c  a na l ys i s  of  t he  a r e a . Due  t o t he  l a c k of  
de t a i l e d, l oc a l  c l i ma t i c  da t a , a n hour l y we a t he r  da t a  f i l e  f or  De r yne i a  wa s  ge ne r a t e d wi t h t he  
M e t e onor m s of t wa r e  a nd wa s  t he n us e d i n t he  W e a t he r  T ool  s of t wa r e  i n or de r  t o c r e a t e  c l i ma t i c  
c ha r t s  a nd ps yc hr ome t r i c  di a gr a ms .  
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 T he  c l i ma t e  of  De r yne i a  i s  c ha r a c t e r i s e d by mi l d wi nt e r s  a nd wa r m wi nt e r s . Cons e que nt l y, 
dur i ng t he  he a t i ng pe r i od, t he  c ont r i but i on of  s ol a r  r a di a t i on t o t he  pa s s i ve  he a t i ng of  t he  i nt e -
r i or  s pa c e s  a nd t he  r e duc t i on of  c onve nt i ona l  e ne r gy c ons umpt i on f or  he a t i ng i s  ve r y i mpor -
t a nt .( Fi gur e  4.a )  Dur i ng t he  hot , s umme r  pe r i od, t he  c l i ma t e  i s  c ha r a c t e r i s e d a s  wa r m a nd hu-
mi d, a nd t he  s e l e c t e d bi oc l i ma t i c  s t r a t e gi e s  a r e  pr i ma r i l y e f f i c i e nt  s ha di ng a nd na t ur a l  
ve nt i l a t i on, a s  we l l  a s  e xpl oi t a t i on of  t he  bui l di ng’ s  hi gh t he r ma l  ma s s . ( Fi gur e  4.b)  
 
     
 
Figur e  4 .  P syc hr o me tr ic  d ia gr a ms fo r : a .  the  he a ting a nd  b .  the  c o o ling p e r io d  with se le c te d  b io c lima tic  
str a te gie s.  ( W e a the r  T o o l v. 2 . 0 )  
 
T he  a ppl i e d bi oc l i ma t i c  s t r a t e gi e s  f or m a n i nt e gr a l  pa r t  of  t he  a r c hi t e c t ur a l  de s i gn, a nd, i n a  
pa s s i ve  wa y a nd t hus  c ompl i a nt  t o t he  c ompe t i t i on br i e f , pr ovi de  i mpr ove d t he r ma l  a nd vi s ua l  
c omf or t  c ondi t i ons . T he  bui l di ng s he l l  i s  f or me d by e l e me nt s  of  a ppr opr i a t e  ge ome t r i c  c ha r a c -
t e r i s t i c s , whi c h e ns ur e  wi nt e r  s out he r n i ns ul a t i on, pr ovi de  a de qua t e  s umme r  s ha di ng, e nha nc e  
na t ur a l  c r os s -ve nt i l a t i on a nd s t a c k e f f e c t  a nd c ont r i but e  pos i t i ve l y t o t he  a c ous t i c  pe r f or ma nc e  
of  t he  de s i gn. ( Fi gur e  5)  
 
 
Figur e  5 .  B io c lima tic  b e ha vio ur  o f the  b uild ing she ll d ur ing the  he a ting a nd  c o o ling p e r io d .  
3.2 Heating period – Passive solar heating 
Gi ve n t he  f a c t  t ha t  t he  bui l di ng s i t e  doe s  not  a l l ow t he  de s i gn of  a  bui l di ng wi t h a  ma i n a xi s  
r unni ng f r om e a s t  t o we s t , t he  e xpl oi t a t i on of  t he  ye a r -l ong f a vor a bl e  s out he r n or i e nt a t i on i s  
a c hi e ve d t hr ough t he  de s i gn of  t he  bui l di ng s he l l  a nd t he  c r e a t i on of  t he  c e nt r a l , a t r i um 
s pa c e .T he  s out he r n s un i s  di r e c t l y i nt r oduc e d t o t he  a t r i um s pa c e  a nd t he  of f i c e  s pa c e s  t hr ough 
va r i ous  s out h-f a c i ng s kyl i ght s , whi c h c ont r i but e  t o pa s s i ve  he a t i ng, i mpr ove me nt  of  t he r ma l  
c omf or t  c ondi t i ons  a nd e ne r gy c ons e r va t i on.  
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Figur e  6 .  Sha d ing ma sk a nd  sha d o w r a nge  fo r  the  winte r  a nd  the  summe r .  ( E c o te c t v. 5 . 5 )  
3.3 Cooling period – Shading, Cross-ventilation, Night-time ventilation 
Dur i ng t he  c ool i ng pe r i od, t he  s ha di ng of  t he  gl a ze d s ur f a c e s  of  t he  bui l di ng ma i nl y de pe nds  on 
t he i r  or i e nt a t i on. Ea s t -f a c i ng s ur f a c e s  a r e  s ha de d by e xt e r na l , ve r t i c a l , r e f l e c t i ve  l ouve r s , whi c h 
bl oc k s ol a r  r a di a t i on, whe r e a s  t he  s out h-f a c i ng s kyl i ght s  a r e  s ha de d f r om di r e c t  s ol a r  r a di a t i on 
by t he i r  pr ope r  s t r uc t ur e  a nd ge ome t r y. T he  s out h-f a c i ng f a ç a de  of  t he  c e nt r a l  a t r i um i s  s ha de d 
by e xt e r na l  hor i zont a l  l ouve r s . In or de r  t o f ur t he r  mi ni mi ze  t he r ma l  l oa ds , t he  mul t i -pur pos e  
ha l l  i s  pl a c e d i n t he  we s t  i n or de r  t o a c t  a s  a  buf f e r  s pa c e .  
T he  e nha nc e d na t ur a l  ve nt i l a t i on of  t he  bui l di ng i s  pr i ma r i l y a c hi e ve d wi t h i t s  pl a c e me nt  a t  
a n a ngl e  t o t he  pr e va i l i ng wi nds . T he  c e nt r a l  a t r i um s pa c e  pl a ys  a n i mpor t a nt  r ol e  i n t he  ove r a l l  
ve nt i l a t i on of  t he  bui l di ng dur i ng t he  s umme r , a s  t he  ope ni ng of  t he  s kyl i ght s  pr omot e s  s t a c k 
ve nt i l a t i on ( Be r noul l i  e f f e c t ) . T he  s a me  pr i nc i pl e  a ppl i e s  f or  t he  of f i c e  s pa c e s  on t he  uppe r  s t o-
r e y. T he r e  i s  a l s o t he  pos s i bi l i t y of  c r os s -ve nt i l a t i on, whi c h i s  pr omot e d wi t h ope r a bl e  ve nt i l a -
t i on ope ni ngs  pl a c e d on t he  pa r t i t i ons  s e pa r a t i ng t he  of f i c e  s pa c e s  a nd t he  a t r i um. Dur i ng ni ght -
t i me , whe n e nvi r onme nt a l  t e mpe r a t ur e s  a r e  l owe r , i nc r e a s e d ve nt i l a t i on r a t e s  a s s ur e  t he  a de -
qua t e  c ool i ng of  t he  bui l di ng’ s  t he r ma l  ma s s  ( c onc r e t e  s l a bs  a nd bui l di ng s he l l ) .  
3.4 Daylighting 
T he  da yl i ght i ng a na l ys i s  wa s  pe r f or me d wi t h t he  c ombi na t i on of  Ec ot e c t  a nd De s kt op Ra di a nc e  
a nd wa s  ba s e d on i s ol ux c ont our  di a gr a ms  a nd da yl i ght i ng s i mul a t i on of  s e l e c t e d i nt e r i or  
vi e ws . T he  a na l ys i s  ( Fi gur e s  7 a nd 8)  s hows  t ha t  da yl i ght i ng l e ve l s  a nd di s t r i but i on a r e  a de -
qua t e , e ve n wi t h ove r c a s t  s ky c ondi t i ons , a s  a  r e s ul t  of  t he  a ppr opr i a t e  c hoi c e  of  ve r t i c a l  a nd 
r oof  ope ni ngs  i n c ombi na t i on wi t h t he  e xt e r na l  s ha di ng e l e me nt s . 
 
  
 
Figur e  7 . D a ylighting a na lysis ( iso lux c o nto ur s)  o f the  up p e r  sto r e y,  a .  D e c e mb e r  2 1 st ,  1 2 :0 0 ,  o ve r c a st sky 
c o nd itio ns a nd  b .  J une  2 1 st ,  1 2 :0 0 ,  c le a r  sky c o nd itio ns.  ( E c o te c t v. 5 . 5 ,  D e skto p  Ra d ia nc e  v. 1 . 0 2 )  
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Figur e  8 . D a ylighting a na lysis a nd  simula tio n o f: a .  the  e ntr a nc e  a r e a ,  b .  the  c e ntr a l a tr ium sp a c e  a nd  c .  a  
typ ic a l up p e r -sto r e y o ffic e  sp a c e .  ( E c o te c t v. 5 . 5 ,  D e skto p  Ra d ia nc e  v. 1 . 0 2 )  
3.5 Materials and building techniques 
T he  bi oc l i ma t i c  a ppr oa c h t o t he  de s i gn of  t he  ne w De r yne i a  t own-ha l l  a l s o i nc l ude s  t he  s e l e c -
t i on of  ma t e r i a l s  a nd bui l di ng t e c hni que s . Re i nf or c e d c onc r e t e , t he  ma i n bui l di ng ma t e r i a l , ha s  
l ow ma i nt e na nc e  ne e ds  a nd c a n be  r e c yc l e d, bot h i n t e r ms  of  t he  s t e e l  r e i nf or c e me nt  ( r e c yc l e d 
s t e e l )  a nd t he  c onc r e t e  ma s s  ( pr oduc t i on of  s e c ond-ha nd a ggr e ga t e ) . T he  ot he r  me t a l  pa r t s  of  
t he  bui l di ng ( a l umi ni um wi ndow f r a me s  a nd e xt e r na l  l ouve r s )  c a n a l s o be  r e c yc l e d wi t hout  
down-c yc l i ng. T he  a ppl i e d bui l di ng t e c hni que  f or  t he  i nt e r i or  s pa c e s  i s  ma i nl y ba s e d on dr y-
wa l l  c ons t r uc t i on, whi c h a l l ows  t he  di s ma nt l i ng r a t he r  t ha n t he  de mol i t i on of  t he  bui l di ng, a nd 
e mpl oys  e l e me nt s  of  l ow e mbodi e d e ne r gy a nd l ow ma i nt e na nc e  c os t .  
3.6 Microclimatic modification 
T he  s ur r oundi ng ope n s pa c e  i s  a ppr opr i a t e l y de s i gne d i n or de r  t o i mpr ove  bot h s umme r  a nd 
wi nt e r  mi c r oc l i ma t i c  c ondi t i ons . T he  e xi s t i ng t r e e s  a r e  pr e s e r ve d a nd t he  pr opos e d ve ge t a t i on 
i nvol ve s  l oc a l  or  i ndi ge nous  pl a nt s  whi c h a r e  a bl e  t o wi t h-s t a nd l oc a l  s umme r  c ondi t i ons  ( i n-
c r e a s e d t e mpe r a t ur e s  a nd l a c k of  wa t e r ) . Ir r i ga t i on ne e ds  a r e  pa r t l y c ove r e d wi t h t he  c ol l e c t i on 
of  r a i nwa t e r  i n a n unde r gr ound r e s e r voi r . 
3.7 Renewable energy sources and energy management 
T he  bui l di ng’ s  e l e c t r i c i t y de ma nds  i s  c ove r e d by a  phot ovol t a i c  i ns t a l l a t i on pl a c e d on  t he  f l a t  
r oof . For  t he  e f f i c i e nt  e ne r gy ma na ge me nt  of  a l l  t he  f unc t i oni ng s ys t e ms , a  Bui l di ng M a na ge -
me nt  Sys t e m ( BM S)  i s  pr opos e d i n or de r  t o moni t or  e xt e r i or  e nvi r onme nt a l  c ondi t i ons  a nd a d-
j us t  t he  f unc t i oni ng s ys t e ms  a c c or di ngl y.  
T he  s ur r oundi ng ope n s pa c e  i s  a ppr opr i a t e l y de s i gne d i n or de r  t o i mpr ove  s umme r  mi c r oc l i -
ma t i c  c ondi t i ons . T he  e xi s t i ng t r e e s  a r e  pr e s e r ve d a nd t he  pr opos e d ve ge t a t i on i nvol ve s  l oc a l  or  
i ndi ge nous  pl a nt s , whi c h a r e  a bl e  t o wi t h-s t a nd l oc a l  s umme r  c ondi t i ons  ( i nc r e a s e d t e mpe r a -
t ur e s  a nd l a c k of  wa t e r ) . Ir r i ga t i on ne e ds  a r e  pa r t l y c ove r e d wi t h t he  c ol l e c t i on of  r a i nwa t e r  i n 
a n unde r gr ound r e s e r voi r . 
4 CONCLUSIONS  
Publ i c  bui l di ngs  i n ge ne r a l  a nd t own ha l l  i n pa r t i c ul a r , c a n he l p i nf or m a nd e duc a t e  t he  publ i c  
on i s s ue s  of  e nvi r onme nt a l  pr ot e c t i on a nd e ne r gy e f f i c i e nc y. For  t hi s  r e a s on, t he i r  de s i gn a nd 
c ons t r uc t i on i s  of  ut mos t  i mpor t a nc e .  
T he  pr e s e nt e d de s i gn pr opos a l  f or  t he  ne w De r yne i a  t own ha l l  t r i e d t o f ul f i l l , i n t he  be s t  
pos s i bl e  wa y, t he  a f or e -me nt i one d ne e ds  a nd de ma nds . T he  pr oj e c t  s hows  t ha t  i t  i s  pos s i bl e  t o 
c ombi ne  t he  pr i nc i pl e s  of  bi oc l i ma t i c  a nd e nvi r onme nt a l l y-f r i e ndl y a r c hi t e c t ur e  wi t h t he  ne e d 
f or  c ont e mpor a r y a r c hi t e c t ur a l  de s i gn. For  t hi s  t o ha ppe n, de s i gne r s  ha ve  t o t a ke  i nt o c ons i de r a -
t i on i s s ue s  of  c l i ma t e , l a nds c a pe  a nd ma t e r i a l s  f r om t he  f i r s t  s t a ge s  of  t he  de s i gn pr oc e s s .  
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T he  pr opos a l  ha s  t o be  c ont i nuous l y r e vi e we d a nd va l i da t e d i n t e r ms  of  t he r ma l  a nd vi s ua l  
c omf or t  i n or de r  t o de s i gn t he  s pa c e s  a nd de f i ne  t he  de t a i l s  of  s ys t e ms  a nd c ompone nt s . 
W hi l e  i ni t i a l l y e xi t e d wi t h t he  e mpha s i s  t he  c ompe t i t i on br i e f  put  on e nvi r onme nt a l  i s s ue s , 
t he  de s i gn t e a m ha s  s a dl y obs e r ve d t ha t  t he  c ommi t t e e ’ s  e mpha s i s  i n j udgi ng t he  pr opos a l s  
s hi f t e d s i gni f i c a nt l y t o t he  f or ma l  a nd t he  f a nc i f ul , qua l i t i e s  whi c h a r e  not  ne c e s s a r i l y ne ga t i ve  
by t he ms e l ve s  but  a r e  r e nde r e d s o i f  t he y t e nd t o di s pl a c e  ot he r  pe r ha ps  mor e  vi t a l  qua l i t i e s .  
ACK NOW LEDGEM ENT  
T he  a ut hor s  woul d l i ke  t o t ha nk a r c hi t e c t s  V a s s i l i s  Ie r i de s , M a r i a  K ouppi , M a r i a  X e nophont os , 
of  IM A Ar c hi t e c t ur a l  Pr a c t i c e , a nd t he  s t ude nt s  of  a r c hi t e c t ur e  Ge or ge  K a l l i s , Sa vva s  Ana s t a -
s i ou a nd Ge or ge  T r yf onos , of  t he  Pr ogr a m of  Ar c hi t e c t ur e , Sc hool  of  Engi ne e r i ng, Uni ve r s i t y 
of  Cypr us . 
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1 INTRODUCTION  
The buildings sector account for 40% of total energy consumption in the European Union (EU). 
This has motivated the implementation of the Energy Performance Building Directive 
2002/91/EC. In this context, Portugal started recently to apply a new Regulation of the Build-
ings Thermal Behavior Characteristics, known as RCCTE (2006), aiming at achieving interior 
comfort with lower energy consumption levels; however RCCTE (2006) disregards the embo-
died energy and the life cycle (LC) environmental impacts of construction materials, which ac-
cording to Bribián et al. (2009) should be included in the building energy certification process. 
To address current energy and environmental concerns LC thinking must be used to assess 
building’s environmental performance and to support improved materials selection, design and 
operation of buildings. Selecting materials with low LC environmental burdens and good insula-
tion properties can lead to important energy savings and reduced environmental impacts, Ortiz 
et al. (2009). Previous Life Cycle Assessment (LCA) studies of residential buildings compared 
the various LC phases and identified the use and the building materials production as the two 
most significant phases in terms of energy consumption and environmental impacts, e.g. Sartori 
& Hestnes (2007). In fact, the building envelope is very important for the overall performance 
of buildings thermal energy requirements, but the construction requires a considerable amount 
of materials, with associated embodied energy and environmental burdens. Therefore, it is very 
important to find optimal LC solutions and to identify trade-offs. The main goal of this paper is 
to assess alternative building envelope options with the aim of supporting decision at project 
level of new buildings in Portugal, regarding the selection of exterior walls with reduced LC 
energy requirements and environmental impacts. This article is organized in 4 sections, includ-
ing this introduction. The next section describes the LC model developed and presents the in-
ventory. The third section presents the main results, namely the Cumulative Energy required 
and GHG emissions. The final section draws the conclusions together.  
Life cycle energy and environmental assessment of alternative 
exterior wall systems 
H. Monteiro & F. Freire 
ADAI, Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal 
ABSTRACT: Buildings have a major determining role both on energy consumption and on en-
vironmental impacts. One critical factor is the building envelope, which is very important for 
the buildings’ thermal energy requirements, but that requires a considerable amount of materi-
als, with associated embodied energy and environmental burdens. The main motivation for this 
study is to assess alternative building envelope options with the goal of supporting decision at 
project level of new buildings in Portugal. A life cycle (LC) model for a single-family house in 
Portugal has been developed. Two alternative functional units have been considered: the build-
ing living area over the life span period and a square meter of living area over a year. The LC 
primary energy requirements and Greenhouse Gas (GHG) emissions of the house have been 
calculated. Seven alternative exterior wall solutions with different materials (brick, concrete 
block and wood) have been assessed.  
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2 LIFE CYCLE MODEL OF A SINGLE FAMILY HOUSE IN PORTUGAL 
2.1 Goal and Scope Definition 
This section describes the development of a life cycle model for a single family house in Por-
tugal. The main goal was to assess alternative building envelope options with the aim of sup-
porting decision at project level of new buildings in Portugal, regarding the selection of exterior 
wall systems with reduced life cycle energy requirements and environmental impacts. More 
specific goals include: i) to estimate the life cycle primary energy requirements and Greenhouse 
Gas (GHG) emissions of a single-family house located in Coimbra; ii) to characterize the vari-
ous life cycle processes; iii) to identify the relevance of the construction components to the 
building overall environmental performance. In addition, a scenario analysis was performed to 
assess seven alternative exterior wall solutions with different materials (brick, concrete blocks 
and wood). The various exterior wall solutions studied were defined to have similar thermal co-
efficients (U-values between 0.47 and 0.51W/m².ºC), and thus similar heating and cooling re-
quirements (a maximum variation of 3%), to permit a straightforward comparison of the build-
ing’s energy and environmental LC performance. 
The model developed was based on the Life Cycle Assessment (LCA) methodology, (ISO 
14040, 14044). The LCA methodology has four stages that are interrelated: goal and scope defi-
nition, life cycle inventory (LCI), life cycle impact assessment (LCIA) and interpretation. In the 
present study, the LCIA results were obtained with two methods: the Cumulative Energy De-
mand (CED) and the Life Cycle GHG emissions, following the method developed by the Inter 
Panel on Climate Change (IPPC 2007). The CED calculates the total (primary) energy use 
(MJeq) throughout the life cycle based on the Higher Heating Value (HHV) and distinguishes 
renewable (R) and nonrenewable (Non-R) energy sources. The Life Cycle GHG emissions 
(kgCO2eq) were calculated using IPCC (2007) characterization factors for global warming po-
tential of airborne emissions, for a time perspective of 100 years. 
Two alternative functional units have been considered: i) the building living area (132m2) 
over the life span period (50 years) and ii) a square meter of living area over a year, to allow a 
comparison with other studies with different residential buildings. The house was assumed to be 
occupied by a 4-people family. Following the RCCTE (2006), heating/cooling set-points of 
20ºC/25ºC, respectively, were considered as well as 4W/m2 of internal heat gains (from lights, 
electrical appliances and occupants). As the main motivation was to assess the LC performance 
of alternative exterior wall solutions, only heating and cooling energy requirements were ac-
counted for the operational phase, because only these vary with the thermal properties of the 
chosen walls. Energy required by electrical appliances, cooking, heating water as well as do-
mestic water consumption was not evaluated, as it is out of the scope of this research. 
The model developed is schematically represented in Figure 1. The model was implemented 
in the LCA Simapro 7 software (www.pre.nl). It includes the construction phase and the use 
phase. The end-of life phase was not considered for two reasons: first, according to a large re-
cent European study (Nemry et al. 2008) is of minor importance (for single-family south Euro-
pean houses it accounts for less than 3.2% of the overall environmental impacts); second, data 
on possible scenarios of dismantling, recovery and disposal of building materials is not easily 
available as it is difficult to forecast these scenarios in 50 years. 
 
 
Figure 1. Life cycle stages and processes encompassed in the study 
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2.2 House specification and Life Cycle Inventory 
2.2.1 Construction Phase 
The object of the study is a typical single-family house located in Coimbra, Portugal, with an 
expected life span of 50 years and 132m2 of living area. Figure 2 presents the house’s technical 
drawings. The living area comprises two floors: the ground floor with a living room, a kitchen, a 
bathroom, and a storeroom; the first floor with three bedrooms and two bathrooms. In order to 
focus on the living area and building exterior wall characteristics, no basement, garage, loft, ex-
terior spaces and landscaping were included in the model.  
 
Figure 2. Case study plans: a) ground floor, b) first floor. Facades: c) East, e) West. Section: d) 
 
 
All openings are located both on East and West façades, with similar modularity of 1 m2. The 
North and South facades are modelled as exterior walls in a detached home although the model 
could be adapted to a semidetached or attached house. The defined height between slabs is 2.7, 
resulting in a total volume of 356.4 m3. Construction materials and techniques used in Portugal 
were assumed, and all the envelope elements were defined in order to fulfil the requirements of 
RCCTE (2006). A reference exterior wall solution was adopted: double hollow brick wall, be-
cause it is a common solution in Portuguese building practice. Six other alternative scenarios for 
the exterior walls have been considered in this study. These are described below in section 
2.2.2. To minimise the thermal bridges structural columns do not intercept the facades East and 
West. The house has reinforced concrete slabs (roof, first floor and ground floor) because this 
type of structure is becoming common and there were not available data for lightweight slab 
structures.  
Table 1 summarizes the different building components. To allow easier tracking of materials, 
energy and burdens, the inventory of building elements was divided into the following eight 
components: exterior walls, interior walls, roof, first floor, ground floor, structure, windows and 
doors. Material production and transport (from producers/distributers to site) characterize the 
construction phase. An additional 5% of materials (by mass) were accounted to consider losses 
of material on site due to cutting and fitting processes. Some simplifications were adopted re-
sulting in the disregard of ancillary materials as screws, and some binding elements of the con-
sidered components. Interior furniture, electrical appliances, HVAC equipment and sanitary ce-
ramics were out of the scope of the study. 
c) d) e) 
a) b) 
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Table 1. Description of building components inventoried 
Building  
components  
Area 
(m2) 
Material layers Thickness 
(m) 
Volume 
(m3/m2) 
Weight 
(kg/m2) 
Exterior walls (#0) 222 Masonry: hollow brick (30x20x11)  0.110  79.90 
  - Cement mortar 
- Water 
 
 
 22.00 
3.30 
 222 XPS – extruded polystyrene  0.400  1.20 
 201 Masonry: hollow brick (30x20x15)  
- Cement mortar 
- Water 
0.150 
 
 
 107.10 
30.00 
4.50 
 184 Base plaster 0.040  66.00 
Interior walls 110 Masonry: hollow brick (30x20x11) 
- Cement mortar 
- Water 
Base plaster  
0.110 
 
 
0.040 
 79.90 
22.00 
3.30 
66.00 
Roof 74.4 Gravel 
Felt PP  
XPS – extruded polystyrene  
Bitumen 
Anhydrite screed 
Concrete C25/30 
Reinforced steel*  
Lime mortar 
0.050 
0.002 
0.050 
0.010 
0.050 
0.150 
 
0.02 
 90.00 
0.13 
1.50 
10.50 
50.00 
360.00 
12.00 
20.00 
First floor slab 76.4 Wood floor (planks) 
Wooden square joist  
Anhydrite screed 
Concrete C25/30 
Reinforced steel* 
Lime mortar 
0.020 
0.040 
0.030 
0.150 
 
0.020 
0.020 
0.003 
- 
- 
30.00 
360.00 
12.00 
20.00 
Ground floor 80 Wood planks 
Wooden square joist 
Lightweight anhydrite screed  
Concrete C25/30 
Reinforced steel* 
Gravel 
0.020 
0.040 
0.050 
0.120 
 
0.200 
0.020 
0.003 
- 
- 
50.00 
288.00 
9.60 
360.00 
Building  
components 
Units Material layers  Area/un 
(m2) 
Mass /un 
(kg/un)  
Structure      
- Beam   
(0.3x10x0.2) 
6 Concrete C25/30 
Reinforced steel* 
  1440.00 
48.00 
- Column 
(6x0.2x0.3) 
9 Concrete C25/30 
Reinforced steel  
  864.00 
28.80 
- Foundation 
(2x0.3x0.4) 
9 Concrete C25/30 
Reinforced steel  
  576.00 
19.20 
Windows 11 Aluminium frame 
Double glazing (U=1.1) 
 3.24 
7.95 
 
Doors 
 
1 
8 
Exterior wooden door  
Interior wooden door 
 2.00 
1.60 
 
*(80kg/m3 of concrete) 
 
 
The main building construction data was obtained from Kellenberger et al. (2007), which 
have collected average European data for the production of construction and building materials. 
The material production background data accounts only for processes till packaging of products 
at gate. Transportation of the construction materials to building site was included in the model, 
based on the modes of transportation and distances from manufacturers’ gate to the construction 
site. The following total transportation values were determined: 17630 ton.km travelled by lorry 
transportation, assuming European fleet average characteristics. Technical information about the 
products’ characteristics and the construction quantities were based on the ITE50 reference 
manual (Santos, 2006), technical data available from companies in Portugal (Lusoceram, We-
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ber, Maxit, Ytong, Cin) and from the AICCOPN database (http://prc.aiccopn.pt/). The following 
aspects were found to be not very important and, thus, were not included: equipments used in 
the construction operations; transport of construction laborers to the construction site. Accord-
ing to Nemry et al. (2008) the relevance of these processes is minor in residential buildings and 
thus neglect them do not impair the study 
2.2.2 Alternative scenarios for the exterior wall solutions  
Seven scenarios for alternative exterior wall solutions (with similar thermal coefficients) have 
been defined: two are based on double wall with brick masonries; three have single masonries 
of concrete blocks, and the last two include wood in their composition. The base scenario #0 has 
double wall with hollow brick masonries (11 and 15 cm) and 4 cm-thick insulation layer (polys-
tyrene extruded). The first scenario (#1) has a double wall with solid facing brick (11 cm) and 
hollow brick (15 cm) masonries and the same insulation than base case. The three following 
scenarios are composed by 20 cm single masonries with concrete blocks and an External Ther-
mal Insulation Composite System (ETICS): #2 has pumice lightweight concrete blocks and 5 
cm insulation; #3 has expanded clay lightweight concrete blocks also called thermal blocks and 
4 cm insulation; while scenario #4 has autoclaved aerated concrete blocks with 3 cm of insula-
tion. The two last scenarios include wood in their composition: #5 has exterior wood cladding 
with 15 cm hollow brick masonry and 4 cm insulation and the #6 has a timber frame structure, 5 
cm insulation and wood cladding.  
2.2.3 Use Phase 
The heating and cooling system of the house is a 10 kW heat pump with a coefficient of perfor-
mance (COP) of 2.8 for heating and 2.0 for cooling. The annual operational energy (heating and 
cooling) was calculated based on the RCCTE (2006) simplified method. The various exterior 
wall solutions studied were defined to have similar thermal coefficients (U-values between 0.47 
and 0.51W/m².ºC), and thus similar heating and cooling requirements, were obtained: on aver-
age 71.8kWh/m2.year for heating and 3.8 kWh/m2.year for cooling (a maximum variation of 3% 
among the various scenarios). Table 2 describes the maintenance activity and schedule for each 
building component. This has been established based on producers’ information and on Blan-
chard & Reppe (1998); Kunzel et al. (2006).  
 
 
Table 2. Maintenance activity  
Component Maintenance activity Area 
(m2) 
Vol/act 
(L) 
Mass/act 
(kg) 
Years  Times  
in LC 
Exterior walls Exterior paint (1.5kg/m2) 261.3 - 391.95 10 4 
 Interior paint * 183.6 26.23 36.43 20 2 
Interior wall Interior paint * 218.8 31.26 43.42 20 2 
Roof Betumen  74.4 - 781.20 25 1 
First floor Interior varnish** 67.0 4.47 6.83 10 4 
Ground floor Interior varnish** 65.0 4.33 6.63 10 4 
Windows Glass replacement 100% 7.95 - - 25 1 
Doors  Exterior varnish*** 4.0 0.80 0.82 4 12 
 Interior varnish** 25.6 2.56 2.61 10 4 
*(7m2/L and 1.39kg/L); **(10m2/L and 1.02kg/L). ***(5m2/L and 1.02kg/L) 
3 ENERGY AND GHG EMISSIONS RESULTS 
3.1 Single-family house life cycle stage and process 
The Cumulative Energy Demand (CED) and Greenhouse Gas (GHG) emissions for the various 
life cycle processes of the dwelling are presented in Figure 3. The total CED amounts to 375 
MWh (1.35 TJ) for the single family house over 50 years. In terms of energy use per living area 
over a year, a value of 204 MJ/m2.year was calculated. CED results include both renewable and 
non-renewable cumulative energy demand (in primary energy terms). The use phase is the most 
energy consuming stage, with 55% of the entire building’s CED (41% to heating, 11% to main-
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tenance, and 3% to cooling). It is worth to note that embodied energy in the construction phase 
(materials and transportation to the construction site) exceeds heating energy requirements, if a 
50 years life span is considered and current thermal regulation requirements are met. This shows 
the importance of embodied energy in the buildings’ overall performance and justifies the fur-
ther study of construction components, which most of the time are neglected in buildings’ en-
ergy performance studies. Concerning life cycle GHG emissions, the dwelling is responsible for 
more than 85 tons of CO2eq over 50 years, or 12.9 kg CO2eq/m2.year. The two most significant 
processes are heating (43%) and materials production (40%). Transport and maintenance hold 
about 7% of CO2 emissions each, and cooling is the less significant process. 
 
 
Figure 3. Cumulative Energy Demand (a) and GHG emissions (b) per life cycle stage and process 
3.2 Single-family house construction components 
Embodied energy and CO2eq emissions of material production are presented in Figure 4 per 
construction component. It can be seen that exterior walls have a great impact both on embodied 
energy and GHG emissions of the building (35% and 43%, respectively), being responsible for 
more than 160 GJeq of non renewable energy and almost 15 tons of CO2eq emissions. The roof 
is the second more energy demanding component with 16% of building’s embodied energy and 
has a similar share in terms of GHG emissions accounting nearly 6 tons CO2eq emissions.  
It can be noticed that some components (first floor, ground floor, and doors) have a relevant 
share of renewable embodied energy that is mainly explained by the inclusion of wood elements 
in their composition. In terms of CO2eq emissions, Figure 4 depicts that the dwelling have posi-
tive and negative values. Negative values correspond to a credit of CO2 that characterizes the 
carbon fixation in wood. For this reason the two floors present fewer CO2 emissions when com-
pared with the roof, and the doors have a negative value. Doors, windows and structure are the 
components with less impact. 
 
 
Figure 4. Cumulative Energy Demand (a) and GWP (b) per construction components 
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3.3 Scenario Analysis: comparison of alternative exterior wall solutions  
As shown in the previous section, the exterior walls are by far the most significant building 
component. Thus, single-family houses with seven alternative exterior wall solutions were mod-
elled and assessed in terms of energy and GHG emissions. Table 3 presents the scenarios and 
compares CED and GHG emissions for each building scenario, per square meter of living area 
and year. Total (50 years) CED and GHG values for the various building components in each 
scenario are shown in Figure 5. Results show similar trends when considering non-renewable 
primary energy and CO2eq emission. Scenarios #6, #5, #2, and #4 present lower burdens both 
on non-renewable energy and CO2eq emissions, but the best performing solutions are those that 
include wood in their composition (#5 and #6). Wood sequesters CO2, which results in a nega-
tive embodied CO2 value that partially annuls CO2 emissions from other construction compo-
nents. Wood wall scenario (#6) cuts 61% of building’s GHG emissions, while the wood clad-
ding scenario (5#) reduces by 28% the buildings’ CO2eq emission when compared with base 
case scenario (#0).  
In terms of non renewable (Non-R) primary energy, the best solution (#6) saves 25% Non-R 
energy relatively to the base scenario #0, but if considered total CED (R and Non-R) this solu-
tion has slightly higher energy demand than #0 (more 2.5%). Two solutions have a worse per-
formance than the base scenario: #1 (double wall with facing brick masonry) and #3 (single wall 
with thermal concrete blocks). Scenario # 4 is very close to #0 base solution. 
 
 
Table 3. Single-family house CED and GHG emissions. Seven alternative exterior wall systems 
Ref. Exterior wall description  CED (R.)  CED (Non-R.) GHG  
  MJ/m2.year MJ/m2.year kg CO2/m2.year 
# 0 Double hollow brick masonry (base scenario) 12 65 5.13 
# 1 Double facing and hollow brick masonry 13 74 6.07 
# 2 Lightweight concrete blocks masonry 11 56 4.35 
# 3 Thermal concrete blocks masonry 11 68 5.30 
# 4 Autoclaved aerated concrete block masonry 11 64 5.09 
# 5 Hollow brick masonry and exterior Wood cladding 22 57 3.67 
# 6 Wood frame and cladding 30 49 2.00 
R. (Renewable); Non-R. (Non renewable) 
 
 
Figure 5. Cumulative Energy Demand (a) and GWP (b) for the various alternative constructions. 
4 CONCLUSIONS 
A life cycle model for a single-family house in Portugal has been developed to assess alternative 
building envelope options with the aim of supporting decision at project level of new buildings 
in Portugal, regarding the selection of exterior wall systems with reduced life cycle energy re-
quirements and environmental impacts. Seven scenarios for alternative exterior wall solutions 
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(with similar thermal coefficients) have been assessed: two are based on double wall with brick 
masonries; three have single masonries of concrete blocks, and the last two include wood in 
their composition. The results obtained with the LC model developed show that the two more 
important processes in terms of energy and GHG emissions are heating the house, during the 
use phase, and material production, during the construction phase. Although heating presents 
the highest values (39% Non-R energy and 43% GHG emissions), material production is re-
sponsible for 37% of primary energy (Non-R) and 40% of the GHG emissions. In dwellings that 
abide by current thermal regulations, embodied energy tends to be an expressive part of build-
ing’s life cycle CED, and therefore must be carefully studied. 
Concerning materials production, exterior walls are by far the most significant component 
both in terms of Non-R embodied energy and GHG emissions (35% and 43%, respectively). 
The results from the scenario analysis show important differences for the various exterior wall 
systems. We conclude that solutions with wood in their composition allow significant reduc-
tions in building’s GHG emissions (61% in wood wall scenario and 28% in wood cladding sce-
nario) and also decrease the requirements for non renewable embodied energy (25% in wood 
wall scenario). The solutions that present the worse life cycle performance are #1 (double wall 
with facing brick masonry) and #3 (single wall with thermal concrete blocks), both having 
worse performance than the base scenario #0. Special attention must be given when choosing 
solutions similar to #1 and/or #3. It should be noted that the scenarios were defined to have 
similar thermal coefficients (U-values between 2.0 and 2.1W/m².ºC), and thus similar heating 
and cooling requirements (a maximum variation of 3%), to permit a straightforward comparison 
of the building’s energy and environmental LC performance. 
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1 INTRODUCTION 
This study verified two office buildings in the metropolitan are of the city of São Paulo, Brazil. 
Both of them have the same plate and number of stories, but one is oriented north-south, whilst the 
other is east-west. The main façades are all glazed without any kind of solar protection. 
Considering that glazed façades are responsible for solar heat gain and penetration of direct sun 
radiation on people, work plan and equipment, this study was performed in order to obtain the 
design of a system of sun protection and its check in terms of reducing heat load and its possible 
effects in the energy consumption of air conditioning system. Different solutions were checked and 
compared, including film coated, screen and brise-soleil.  
    In order to perform simulations of thermal energy, it was used an annual weather database on 
hourly basis. Given the lack of specific data to the place where the buildings are under study, it was 
considered the availability of existing data, focusing on its reliability and proximity to place of 
study. Thus, the database project Solar and Wind Energy Assessment Resource (SWERA, 2004) 
was chosen to be used. The database refers to the meteorological station of Congonhas (WMO 
Station 837800, IAG-USP, 2007), S23°37',W46°39',GMT-3.0,803M above sea level, standard 
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ABSTRACT: This study verified two office buildings in the metropolitan are of the city of São 
Paulo, Brazil. Both of them have the same plate and number of stories, but one is oriented north-
south, whilst the other is east-west. The main façades are all glazed without any kind of sun 
protection. Considering that glazed façades are responsible for solar heat gain and penetration of 
sunlight on people, work plan and equipment, the application of this study was undertaken in order 
to obtain the design of a system of sun protection and check it in terms of reducing heat load and 
its possible effects in the energy consumption of the air conditioning system. Different solutions 
were checked and compared, including brise-soleil, film coated and screens. First, it was 
determined the need for masking the sky, for each of the façades involved in order to preserve the 
maximum possible visibility to the outside and natural light, determining the dimensions of the 
brise-soleils. The next studies aim to check the penetration of direct solar radiation in the openings 
of different façades, for the case of winter and summer. For the quantification of daylighting 
system it was calculated the Daylight Factor (FLD), considering the celestial component, the 
external and internal reflection component, being the sum of these components weighted by frame, 
maintenance and light transmission of glazing coefficients. Thermal energy simulations, based on 
the annual climate, aimed to compare the reduction in heat load and thus energy consumption by 
the system of artificial air conditioning for different interventions in the buildings. Considering the 
results presented, the solutions found to the first building (facing North and South) show results 
with small reductions in energy consumption for air conditioning, respectively 1.5%, 2.3% and 
3.6% for solutions with film coated, screen and brise-soleil, whereas the estimation of total energy 
reduction in this building are respectively 0.5%, 0.8% and 1.2%. When considering the results for 
the second building (facing East and West), the results show more significant reductions in energy 
consumption for air conditioning: 8.0%, 12.2% and 16.1% for the respective solutions, whereas 
the estimation of total energy-reduction for this building are 2.7%, 4.1% and 5.4%. 
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atmospheric pressure of 92043Pa. Data were collected from 1973 to 2002, having been treated 
statistically to the creation of one year from the months typically representative of climatic 
conditions of the period. Table 1 presents a summary of climatic data used.  
 
Table 1. Climate Data Summary 
 Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec 
 Monthly statistics for air temperature (oC): 
Maximum  
Minimum 
Mean  
34.0  35.0  32.0  31.8  29.5  26.0  27.0  31.0  32.0  33.0  32.0  31.0 
14.0  16.0  16.0  13.6  11.5   7.0   8.0   5.0  10.0  12.0  14.0  14.0 
22.8  22.7  22.5  20.4  18.0  16.2  16.0  17.6  17.6  18.9  20.0  21.9 
 Monthly statistics for relative humidity (%): 
Maximum  
Minimum 
Mean 
100  100  100  100  100  100  100  100  100  100  100  100 
 31    18    36    40    37    29    26    20    17    24    29    37 
 78    80    77    81    78    79    77    70    77    79    78    78 
 Monthly statistics for wind speed (m/s): 
Maximum  
Minimum 
Mean 
14.4  40.0  10.3   6.7  10.3   7.2   7.7  20.6   8.2  28.8  11.8  20.5 
0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0 
2.3   3.5   2.4   2.0   2.6   1.3   1.5   2.0   2.5   3.0   3.7   2.8 
 Monthly statistics for solar radiation (Wh/m2): 
Normal Direct Avg. 
Normal Direct Max. 
Difuse Max. 
Global Max. 
3560  3336 3533 3651 3261 3550 3574 4098 3283 3191 3542 3335 
9023  7130 6543 7697 7060 6491 6914 8171 7482 7606 8113 6449 
2992  2870 2358 1948 1557 1274 1375 1652 2369 2655 2891 3312 
5646  5386 4855 4272 3344 3132 3330 4154 4630 5059 5576 5852 
2 SOLAR ANALYSIS 
2.1 Solar protection 
In the solar analysis, firstly, it was determined the need for masking the sky, for each of the façades 
involved, in order to take advantage of daylighting and preserve the maximum possible visibility to 
the outside, determining the dimensions of the brise-soleils.  
 
 
 
Figure 1. Solar mask provided by brise-soleil for the south façade (azimuth 196o) and north façade (16o). 
 
As can be seen from Figure 1, the mask proposed for the south façade allows the penetration of sun 
in the summer solstice after 18:30. Considering the conditions of the surroundings (other 
buildings), a considerable part of the building will not even receive this incidence. Moreover, that 
time is outside the period of occupation provided by the client (Monday to Friday, from 8:00 to 
18:00). In geometric terms, we have then an angle β = 55 ° (angle of vertical brise protection in 
relation to the normal of the facade) and about an angle α = 75° (angle of protection of the brise 
horizontal to the horizon). In fact, the solution of brise-soleil in the south façade, as will be seen, 
needs no horizontal plates, only one grid for each floor, which serves as the "closure" to the vertical 
brise and allows the maintenance of the façade. As can still be seen from Figure 1, the mask 
proposed for the north facade allows the entrance of the solar rays especially during the fall and 
winter. In the limit of the winter solstice (22/06), the penetration of direct solar radiation is from 
6:45 until 12:30. In the months before and after (from early April until mid-September) the period 
that receives direct solar radiation decreases, to the extent that it penetrates only a small slit for a 
moment at 8:20. In geometric terms, it has remained the same angle β = 55° (angle of vertical brise 
protection in relation to the normal of the facade) in order to standardize the two solutions brises in 
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the north and south facades, also using the same solution grid to maintain the facades. However, 
due to higher solar incidence, it was determined an angle α = 75° (angle of protection of the 
horizontal brise to the horizon). Thus, in the south façade vertical brises are enough for solar 
protection, whilst in the north facade horizontal brises are also required. 
 
 
Figure 2. Elevation of North Façades, with Horizontal Brise-Soleil (black stripes) and Vertical-Brise Soleil 
(thin vertical lines) 
 
          
 
Figure 3. Section with the brise-soleil solution             Figure 4. Detail with the brise-soleil (North Façade) 
 
2.2 Solar penetration 
The next studies aim to check the penetration of direct solar radiation in the openings of different 
façades, respectively for the case of winter and summer. The goal was to compare the penetration 
of direct sun penetration to the current situation and the situation with the use of the proposed 
systems of brise-soleils. Figure 5 and 6 show the results. 
 
    
 
Figure 5. Solar penetration in the summer (South Façade) without brise-soleil (from 13h to 18h) and with brise 
soleil (only at 18h). 
  Fig.4 
Metallic Grid  
Horiz. Brise 
Vertical Brise 
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Figure 6. Solar penetration in the winter (North Façade) without brise-soleil (from 13h to 17h). With brise 
soleil there is no solar penetration in this period. 
3 DAYLIGHTING ANALYSIS 
3.1 Daylighting assessment 
For the quantification of daylighting system, it was considered the availability of daylight in the 
order of 20,000 lux for the frequency of occurrence of 67% of daylight hours of the year in the city 
of São Paulo. To calculate the Daylight Factor (DF), it was considered the celestial component, the 
external and internal reflection components, being the sum of these components weighted by frame, 
maintenance and the light transmission of glazing coefficients (Alucci, 2007). It were studied the 
following spots (see Table 2) to determine the values of sky component and availability of daylight.  
 
Table 2: Results of Daylight Factor and iluminance in different spots of the two studied buildings  
 
 
North Façade 
(2m from façade) 
North and South Façades 
(8,2m from façades) 
South Façade 
(2m from façade) 
Building A DF Ep DF Ep DF Ep 
Actual 5,7% 1140 lx 3,3% 660 lx - - 
Film 3,8% 760 lx 2,2% 440 lx - - 
Screen 3,0% 600 lx 1,7% 340 lx - - 
Brise-Soleil 2,8% 560 lx 2,0% 400 lx - - 
Building B       
Actual 5,2% 1040 lx 1,6% 320 lx 4,7% 940 lx 
Film 3,5% 700 lx 1,1% 220 lx 3,1% 620 lx 
Screen 2,6% 520 lx 0,8% 160 lx 2,3% 460 lx 
Brise-Soleil 1,5% 300 lx 1,1% 220 lx 1,9% 380 lx 
 
As it can be seen, in building A, the three solutions provide sufficient daylight, for office activities, 
considering the NBR 5413 (1992), which recommends values between 300 and 700 lx, and one 
may note that the three solutions satisfactorily meet this criterion in situations of the studied sky 
conditions. With respect to Building B, the three solutions also comply with that in the facades, 
with values between 300 and 700 lx. Note that the dimensioning of horizontal plates in the previous 
topic was done exactly based on meeting the criterion of 300 lx in this situation. Regarding the 
situation of the inner situation in building B, it should be noted that the results have been between 
160 and 220 lx. They appear quite favourable, since, although not sufficient for the practice of 
labour activities, they are sufficient for general lighting or for lighting for circulation. Finally, we 
emphasize once again that the adoption of the value of 20,000 lx refers to a situation of overcast or 
partly cloudy and when there is sun exposure, the availability of daylight will be up to five times 
greater than that shown in the results. Thus, it is considered that the intensity and distribution of 
solutions of daylighting proposals are appropriate, but may reach values much higher than 
necessary on a clear day. Thus, the brises solution proved to be more advantageous to minimize the 
situations of glare by blocking the direct solar radiation, as shown earlier in this article. 
3.2 Exterior visual access 
Among the three solutions in verification, the application of film coated is the one that least affects 
the visibility of the exterior, just causing some changes in terms of tone colours. The use of the 
screen remains visible outside, but its quality is impaired, reducing, for example, recognition of 
details of the external environment. The option for brise soleil also significantly alter the external 
visibility, but in a different manner. The visibility is reduced vertically by the lower horizontal edge 
of the plates (which is above the eye level of people), while the presence of vertical elements 
segments the visual as a whole. These consequences can be seen in the drawings presented earlier 
in this article, when considering the solutions proposed for the brise soleil. 
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4 THERMAL ENERGY ANALYSIS 
4.1 Thermal Loads  
Thermal energy simulations, based on the annual climate database, aimed to compare the reduction 
in heat load, and thus energy consumption by the system of artificial air conditioning, for different 
interventions in the buildings. 
 
Table 2: Material properties used for the annual hourly basis thermal energy simulations 
Components:  
façades, ceilings, 
and pavements 
Thermal 
conductibility 
λ (W/mºC) 
Density 
 
d (kg/m3) 
Specific 
heat 
c(J/kgoC) 
Global Heat 
transmission 
U (W/mºC) 
Solar 
absorption 
α 
Emissivity 
 
ε 
Exposed concrete 1,65 2200 1005 3,196 (↔) 0,65 0,90 
Structured concrete 1,75 2400 1005 3,226 (↔) - - 
Corrugated metal 
roof 
43 7800 500 4,759 (↓) 
7,137 (↑) 
0,53 0,25 
Epoxy 0,31 1381 1600 0,60 0,90 
Concrete 1,28 2000 1005 - - 
Air layer - - - - - 
Glassfiber 0,04 64 754 - - 
Veil of white glass - - - 
 
 
0,391 (↓) 
0,413 (↑) 
0,40 0,90 
Carpet 0,06 186 1360 0,60 0,90 
Felt 0,04 150 754 - - 
Concrete 1,28 2000 1005 - - 
Air layer - - - - - 
Glassfiber 0,04 64 754 - - 
Veil of white glass - - - 
 
 
   0,384 (↓) 
   0,405 (↑) 
 
0,40 0,90 
 
The internal heat sources considered were: A) Occupation: According to data supplied by the 
client, Building A has capacity for 362 people and Building B to 370 people. Thus, considering the 
activity of office, which has metabolic rate of 130W, in which 65W are sensible heat and 65W are 
latent heat, it was calculated the internal heat load factor, resulting in the 7W/m2 for sensible heat 
and 7W/m2 for latent heat. B) Equipment: Specific data regarding the thermal loads of equipment 
were provided only to a lab of the 4th floor of Building A. Thus, for the generalization to other 
environments, it was assumed that each user has a computer, with an estimated load of 120W, 
resulting in 13W/m2 sensible heat. C) Lighting: considering all the fixtures, lamps and their powers, 
it resulted in 13.5 W/m2; considering all the lighting system, ie, the power of the lamps, plus their 
control equipment used in conjunction (ballast, ignitor, transformer, etc), it resulted in 21W/m2. 
Once finalized the computer simulations, considering all the hygrothermal trades of energy balance, 
Table 3 show the thermal loads to be removed respectively from Building A and B, considering the 
system of artificial air conditioning operating in a way to provide environmental conditions with air 
temperature at 24°C, relative humidity 50%, Monday to Friday, from 8h to 18h, with a total of 
2.600 conditioning hours per year (approximately 60% of daylight hours of the year). 
4.2 Energy Savings 
In order to verify the savings in the consumption of air conditioning it is required the coefficient of 
performance (COP) of air conditioning system and the pricing adopted by the energy supplier. 
According to available data, the value of the contract price is R$0.256/kWh. (1R$=0.56US$= 0.39 
EURO, in Dec 15th 2009). The HVAC in Buildings A and B is composed of a central chilled water 
of 360 TRs, supplied by 4 refrigeration units (chillers) with air condensers and scroll type 
compressors. The expansion system is indirect, by cold water and fancoils, with no cooling towers. 
The chillers are Trane, model CGAD090-90TR. The cold water at 5°C is pumped to the buildings 
for bombs with spin control to keep the pressure at 6 kg/cm². Each floor has two fancoils, except 
the ground floor of Building A and the 1st floor of Building B that have only one each. Adjustment 
of temperature environments is done by controlling the volume of air blown by flow control valve 
installed in the distribution pipeline. The return air is full of the liner, or without ducts to the 
fancoil. Considering the description provided by the client, it was adopted the coefficient of 
performance of the system COP = 3.0.Considering an area of 3500m2 per building, the values, 
presented before in this article, can be applied to forecast electricity consumption for artificial 
lighting system and equipment, considering the period from 8 to 18h from Monday to Friday 
throughout the year. Tables 4 and 5 present the results. 
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Table 3: Thermal loads to be removed monthly by the HVAC system in Bulding A and Building B and 
respective reductions according to the adopted solutions (film coated, screen and brise-soleil). 
 Building A (MWh)  Building B (MWh) 
 actual film screen brise  actual film screen brise 
Jan  97,0 96,0 95,5 95,0  94,9 88,6 85,3 83,4 
Feb  125,2 123,9 123,2 122,2  122,7 114,5 110,2 107,2 
Mar  93,7 92,4 91,7 90,5  93,9 87,1 83,6 79,7 
Apr  76,8 75,4 74,6 73,3  80,1 73,3 69,7 65,6 
May  64,9 63,6 62,8 61,6  68,7 62,6 59,3 55,7 
Jun  54,6 53,1 52,2 51,0  59,8 53,3 49,9 45,8 
Jul  52,8 51,3 50,5 49,1  57,1 50,8 47,5 43,2 
Aug  63,6 62,2 61,5 60,2  65,3 59,2 56,0 51,7 
Sep  58,0 57,1 56,6 55,8  57,8 52,7 50,1 47,6 
Oct  76,9 76,1 75,6 75,0  74,7 69,3 66,5 64,7 
Nov  79,8 79,1 78,7 78,3  77,7 72,4 69,7 68,2 
Dec  85,2 84,3 83,9 83,4  83,6 77,6 74,5 72,9 
Year  928 914 906 895  936 861 822 785 
Reduction  - 1,5% 2,3% 3,6%  - 8,0% 12,2% 16,1% 
 
Table 4. Annual Energy Costs and Savings for Building A (1R$=0.56US$=0.39EURO, in Dec 15th 2009) 
  Actual  % Film  % Screen  % Brise  % 
HVAC R$ 79.226  33,3 R$ 78.020  33,0 R$ 77.381  32,8 R$ 76.403  32,5 
Lighting R$ 97.844  41,2 R$ 97.844  41,4 R$ 97.844  41,5 R$ 97.844  41,7 
Equipments R$ 60.570  25,5 R$ 60.570  25,6 R$ 60.570  25,7 R$ 60.570  25,8 
TOTAL R$ 237.640   R$ 236.434   R$ 235.795   R$ 234.817   
Reduction -  0,5%  0,8%  1,2%  
Savings     R$ 1.205   R$ 1.845   R$ 2.823   
 
Table 5. Annual Energy Costs and Savings for Building B (1R$=0.56US$=0.39EURO, in Dec 15th 2009) 
  Actual  % Film  % Screen  % Brise  % 
HVAC R$ 79.894  33,5 R$ 73.508  31,7 R$ 70.181  30,7 R$ 67.038  29,7 
Lighting R$ 97.844  41,1 R$ 97.844  42,2 R$ 97.844  42,8 R$ 97.844  43,4 
Equipments R$ 60.570  25,4 R$ 60.570  26,1 R$ 60.570  26,5 R$ 60.570  26,9 
TOTAL R$ 238.308   R$ 231.922   R$ 228.595   R$ 225.452   
Reduction -  2,7%  4,1%  5,4%  
Savings     R$ 6.386  R$ 9.714   R$ 12.856  
4.3 Thermal comfort analysis  
For the evaluation of thermal comfort, ASHRAE 55 (2004) was used. Thus, considering the 
climate-controlled environments, PMV model was applied, which considers the air temperature, 
relative humidity, air velocity, mean radiant temperature, user activity and type of clothing.  
Considering the studies that were conducted, the following variables were considered for 
verification of thermal comfort: air temperature = 24°C (kept constant by the system of artificial air 
conditioning); Relative humidity = 50% (kept constant by the system of artificial air conditioning); 
Air velocity <0.2 m/s (at the user level, given the conditions of system); metabolic rate = 1.3 Met 
(rate of metabolic heat on the daily activities of office); clothing insulation = 0.5 clo (summer 
clothing: pants and social shirt). Therefore, it remains to determine the mean radiant temperature to 
see if the conditions are, or not, providing comfort. These values were obtained by the thermal 
energy simulations performed. As a result, the curves of mean radiant temperature for the first and 
fourth floor of each building proved to have lowest and highest values, whilst the results of the 
second and third floors are intermediate to the previous curves. Thus, the results are going to be 
considered in terms of the extreme cases. For the given conditions was calculated the operative 
temperature, which, for the typical situation in question, was estimated from average of the mean  
air temperature and mean radiant temperature, as recommended by the standard. Performing the 
procedures prescribed by the standard, it is observed that for the conditions listed above, the 
operative temperature which provides comfort conditions (percentage of people dissatisfied with 
the environment in general, considering the criteria of less than 10%) is ≤ 27.2ºC (represented by 
the strong black line in graphics of operative temperature). Figure 7 and 8 present the final results 
of thermal comfort in terms of operative temperature, comparing the current situation with the three 
solutions tested for the case of Buildings A and B. 
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Figure 7. Operative Temperatures for Floors 1 and 4 of Building A Temperatura Operativa - Bloco B: Pavimento 1
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Figure 8. Operative Temperatures for Floors 1 and 4 of Building B 
5 DISCUSSION 
Considering the proposed solutions, and the energy saving provided, one may also see the different 
impacts in terms of thermal comfort considering the maintenance of the initial 24oC and 50% rh. 
These parameters could be reconsidered, but for now, the discussion is going to analyze the 
solutions is term of operative temperature. As can be seen in the graphs of operative temperature of 
Building A, the use of different solutions of solar protection does not involve significantly the 
results, with variations of only ±0.1ºC. This result is the verification for a hot summer day, and 
there is no occurrence of direct solar radiation on the north facade of Block A, for which solutions 
were studied. With respect to Building B, the operative temperature charts showed the most 
disparate results between the various solutions. This is because the glazed facades of north and 
south make the most significant for the rest of the building and mainly due to the different 
performance obtained with regard to blocking the direct solar radiation on the south facade, since it 
is a summer day. Looking at the chart to the first floor, the current situation and all the proposed 
solutions provide a level of comfort. However, one must emphasize that the solution of film coated 
presents performance well below the current situation, without it. Considering the situation of peak 
at 14h, the current situation presents operative temperature of 26.5ºC while the adoption of the film 
coated increase operative temperature to 27.0ºC. Throughout the day, on average, the adoption of 
the film coated increases by 0.3ºC the average operative temperature. As for the situation on the 
fourth floor, as argued for Building B it also becomes more critical. In this case the graph shows 
very different results for different solutions, indicating that the current situation is outside the 
comfort zone from 14h to 16h. The use of film coated takes the operative temperature from 27.6ºC 
up to 28.1ºC. The consequence is that from 13h to 18h it is outside the comfort zone. Since the 
solution of the screen provides comfortable conditions virtually throughout the day (only at 14h it 
has a peak operative temperature of 27.3ºC). Finally, the brise soleil solution presents itself as the 
most favourable, providing all day comfort conditions, with a maximum operating temperature of 
27ºC, within the comfort zone.  
6 SUMMARY 
Table 6 presents a synthesis of the results found considering the solar and daylighting analysis, 
exterior visibility, energy saving and thermal comfort for different solutions (film coated, screen 
and brise-soleil) for the façades of the two different studied buildings. Considering the results 
presented, the solutions found to the first building (facing mainly North and South) show results 
Actual 
Film coated 
Screen 
Brise 
ctual 
Film coated 
Screen 
rise 
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with small reductions in energy consumption for air conditioning, respectively 1.5%, 2.3% and 
3.6% for solutions with film coated, screen and brise-soleil, whereas estimates total energy 
reduction in respectively of 0.5%, 0.8% and 1.2%. When considering the results for the second 
building (facing mainly East and West), the results show more significant reductions in energy 
consumptions for air conditioning: 8.0%, 12.2% and 16.1%, estimating total energy reduction for 
respectively of 2.7%, 4.1% and 5.4%. 
 
Table 6. Final results for solar, daylighting, exterior visibility, energy saving and thermal comfort 
(R$=0.56US$=0.39EURO, in Dec 15th 2009) 
 Film Screen Brise-Soleil 
Solutions Prestige Line 
Model P70 
Brand 3M 
 
Generic (to be produced) 
Luminuous transmission  
and solar transmission: 50%  
According to drawings 
presented in this article 
Daylighting Satisfactory to excessive  
Reasonable homogeneity 
 
Satisfactory  
Reasonable homogeneity  
Satisfactory  
Adequated homogeneity 
 Façade: North, Centre, South 
Bldg.A: 760,  440,    -   lx   
Bldg.B: 700,  220,  620 lx 
 
Façade: North, Centre, South 
Bldg.A: 600,  340,    -   lx 
Bldg.B: 520,  160,  460 lx 
Façade: North, Centre, South 
BlocoA: 560,  400,    -   lx 
BlocoB: 300,  220,  380 lx 
Exterior 
Visibility 
Practically no alteration Alteration in quality Alteration in quantity 
Energy 
Saving 
Bldg.A: Very Low 
Bldg.B: Low 
 
Bldg.A: Very Low 
Bldg.B: Considerable 
 
Bldg.A: Very Low 
Bldg.B: Considerable 
 
 HVAC Energy Saving  
Bl.A: 1,5%  Bl.B: 8,0% 
Total Energy Saving 
Bl.A: 0,5%  Bl.B: 2,7% 
Annual Financial Saving 
Bl.A:R$1.205  Bl.B:R$6.386 
 
HVAC Energy Saving  
Bl.A: 2,3%  Bl.B: 12,2% 
Total Energy Saving  
Bl.A: 0,8%  Bl.B: 4,1% 
Annual Saving 
Bl.A:R$1.845  Bl.B:R$9.714 
HVAC Energy Saving  
Bl.A: 3,6%  Bl.B: 16,1% 
Total Energy Saving  
Bl.A: 1,2%  Bl.B: 5,4% 
Annual Financial Saving 
Bl.A:R$2.823  Bl.B:R$12.856 
Thermal 
Comfort 
Worse than actual 
(heating of glasses due to 
greater solar absorption of 
the film)  
Better than actual  
(cooling of glasses due to 
their partial shading by the 
screen)  
Far better than actual  
(better cooling of glasses due 
to their shading by the brises-
soleil) 
 Discomfort (hot summer): 
Bldg.A Pav1: 16h 
Bldg.B Pav4: 13h to 18h 
Desconforto (hot summer): 
Bldg.A Pav1: None 
Bldg.B Pav4: 14h 
Discomfort (hot summer): 
Bldg.A Pav1: None 
Bldg.B Pav4: None 
 
Considering the results presented, the film coated solution provided an excessive daylight 
penetration, although does not alter the exterior visibility. On the other hand, it provides very low 
to low energy savings, worse thermal comfort conditions than the actual ones. The screen solution 
provides satisfactory illuminance levels and reasonable homogeneity, but with some alterations in 
the exterior visibility. Energy savings can be very low to considerable ones, providing better 
thermal comfort conditions than the actual ones. Finally, the brise-soleil solution proved to be the 
most adequate one in the relation between energy and environment. It provides satisfactory 
illuminance levels and adequate homogeneity, although reduction in exterior visibility. Energy 
savings vary as well from very low to considerable, but are the most significant among the three 
studied solutions and, considering thermal comfort, it provides the better results. As a conclusion, 
based on the results found for the specific case studies, despite the difference in the amount of 
energy savings in each buildings, in both of them the results point out to the film coated as the 
weakest solution, the screen as a quite good one, and the brise-soleil as the more adequate of them. 
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1 PROJ ECT  OBJ ECT IV ES 
1.1 Introduction 
T he  i nt e nt i on of  t he  pr oj e c t  Cl a s s  1 i s  t o us e  t he  s t r e ngt he ni ng of  t he  e ne r gy r e qui r e me nt s  t o 
boos t  a nd dr i ve  t he  t e c hnol ogi c a l  de ve l opme nt s  a nd t o pr ove  t he  e c onomi c  a nd e nvi r onme nt a l  
be ne f i t s  of  ul t r a -l ow e ne r gy bui l di ngs  ( 50%  be l ow t he  ne w r e qui r e me nt s  i n t he  Da ni s h Bui l di ng 
Re gul a t i ons )  i nt e gr a t e d wi t h a  r e ne wa bl e  e ne r gy s uppl y ba s e d on bi oma s s  a nd s ol a r  he a t i ng. 
T he  Cl a s s  1 pr oj e c t  f oc us e s  on t he  opt i mi s a t i on of  s us t a i na bl e  e ne r gy s ys t e ms  i n l oc a l  c ommu-
ni t i e s  t hr ough a n i nnova t i ve  i nt e gr a t i on of  Re ne wa bl e  Ene r gy t e c hnol ogi e s  wi t h ul t r a l ow-
e ne r gy bui l di ngs . 
T he  pr oj e c t  a l s o put s  s pe c i a l  f oc us  on t he  Indoor  Envi r onme nt a l  Qua l i t y ( IEQ)  t o ma ke  s ur e  
t ha t  t he  e ne r gy s a vi ngs  a r e  me t  wi t hout  r e duc i ng t he  IEQ s t a nda r ds  s e t  out  i n t he  de s i gn s pe c i f i -
c a t i on pha s e . T he  IEQ f oc us  i s  one  of  t he  a r e a s  i n whi c h t he  Cl a s s  1 pr oj e c t  i nvol ve s  pa r t ne r s  
f r om ot he r  EU me mbe r  s t a t e s  ( M S)  who a r e  e xpe r t s  i n l i ght i ng a nd t he r ma l  c omf or t  i s s ue s . 
Al s o t r a ns -na t i ona l  c oope r a t i on i s  i nt r oduc e d f or  t he  s oc i o-e c onomi c  r e s e a r c h pa r t  of  t he  pr o-
j e c t , whi c h de a l s  wi t h t he  us e r  poi nt  of  vi e w ( pr i or i t i e s , e t c .)  i n t he  pa r t i c i pa t i ng M S. 
T he  Cl a s s  1 pr oj e c t  de mons t r a t e s  i mpr ove me nt s  wi t hi n 6 i ndi vi dua l  t e c hnol ogi e s  ( wi ndows , 
s l a b a nd f ounda t i on i ns ul a t i on s ys t e ms , bi oma s s  ga s i f i c a t i on, l oc a l  di s t r i c t  he a t i ng di s t r i but i on 
ne t wor ks , ve nt i l a t i on he a t  r e c ove r y c ombi ne d wi t h he a t  pumps  a nd BEM S)  a nd a n i nnova t i ve  
i nt e gr a t i on of  t he s e  t e c hnol ogi e s  ( wi t h s ol a r  he a t i ng)  whi c h l e a ds  t o i mpr ove d c os t  e f f e c t i ve -
ne s s . 
1.2 Objectives 
T he r e  a r e  5 s c i e nt i f i c , t e c hni c a l  a nd " pol i t i c a l "  obj e c t i ve s  of  t he  Cl a s s  1 pr oj e c t :  
Demo n s tratin g  co s t-ef f ectiv e lo w en erg y s o lu tio n s  in  Den mark  –  
R es u lts  f ro m th e C las s  1  EU C ONC ER TO p ro ject 
Ove M ørck 
Cenergia Energy Consultants A/S, Herlev, Denmark 
Ki rs t en Engel und Thom s en 
Danish Building Research Institute, SBi, Aalborg University, Hoersholm, Denmark 
ABST RACT :  T he  EU Conc e r t o pr oj e c t  c omme nc e d i n 2007 a nd i nvol ve s  5 M e mbe r  St a t e s :  
De nma r k, Es t oni a , Fr a nc e , It a l y a nd Roma ni a . In De nma r k a ppr oxi ma t e l y 400 dwe l l i ngs  wi l l  be  
de s i gne d a nd c ons t r uc t e d a s  " l ow-e ne r gy c l a s s  1"  hous e s  a c c or di ng t o r e qui r e me nt s  s e t  by t he  
M uni c i pa l i t y of  Ege da l . T hi s  me a ns  t ha t  t he  e ne r gy c ons umpt i on i s  50%  be l ow t he  e xi s t i ng 
e ne r gy r e gul a t i ons . Si xt y-f i ve  dwe l l i ngs  ha ve  be e n c ons t r uc t e d wi t h a  ye a r l y he a t i ng de ma nd of  
15 kW h/ m² . T he  Conc e r t o c ommuni t y a l s o i nc l ude s  a  ki nde r ga r t e n ( c ompl e t e d)  a nd a  s e ni or  
c i t i ze ns  c e nt r e . T he  Cl a s s  1 pr oj e c t  us e s  t he s e  s t r onge r  e ne r gy r e qui r e me nt s  t o dr i ve  t he  t e c h-
nol ogi c a l  de ve l opme nt  of  di f f e r e nt  c ompone nt s  c ove r i ng 3 a r e a s :  Ec o-bui l di ngs , Re ne wa bl e  
Ene r gy Suppl y a nd Int e l l i ge nt  Bui l di ng Ene r gy M a na ge me nt  Sys t e m ( BEM S) . T he  t e c hnol ogi e s  
c ove r :  wi ndows , s l a b a nd f ounda t i on i ns ul a t i on s ys t e ms , bi oma s s  ga s i f i c a t i on, l oc a l  di s t r i c t  
he a t i ng di s t r i but i on ne t wor ks , ve nt i l a t i on he a t  r e c ove r y c ombi ne d wi t h he a t  pumps  a nd BEM S. 
T hi s  pa pe r  de s c r i be s  t he  s t a t us  of  t he  pr oj e c t  pr e l i mi na r y r e s ul t s  a nd de ve l opme nt s .  
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1.2.1 Optimise the integration of low-energy building technologies with supply (renewable 
and conventional) and distribution (heating and electricity) technologies. 
T he  he a t i ng s e a s on i s  r e duc e d c ons i de r a bl y whe n hous e s  a r e  de s i gne d f or  ul t r a l ow-e ne r gy us e . 
T he  s uppl y f r om a  s ol a r  he a t i ng pl a nt  wi t h s e a s ona l  s t or a ge  i s  ve r y di f f i c ul t  t o a c hi e ve  f or  a  
whol e  s e t t l e me nt  i n a  c os t -e f f i c i e nt  wa y whe n s ome  of  t he s e  s i ngl e -f a mi l y hous e s  a r e  ge o-
gr a phi c a l l y “ s pr e a d”  ove r  a  l a r ge r  a r e a . The original idea of the Class 1 project was to combine 
district heating from a biomass CHP plant and a central solar heating plant for the new dense, 
low-rise housing projects with heat-pump heating of the single-family houses, but currently the 
demonstration project is been changed to cover also some existing municipal buildings and to 
have them covered by the biomass CHP and the solar plants . T he  obj e c t i ve s  a r e  t o:  
• Il l us t r a t e  t ha t  a  l oc a l  di s t r i but i on ne t wor k c a n s t i l l  be  a  vi a bl e  opt i on e ve n whe n s uppl y-
i ng ul t r a l ow-e ne r gy hous e s .  
• Int e gr a t e  a nd us e  t he  s ol a r  he a t i ng s ys t e m s t or a ge  t a nk( s )  a s  buf f e r  t a nks  f or  t he  CHP-
pr oduc e d he a t i ng.  
• De mons t r a t e  how t hi s  i nt e gr a t e d s uppl y s ys t e m c a n be  moni t or e d a nd c ont r ol l e d by a n 
a dva nc e d, ye t  e a s y t o us e , BEM S. 
1.2.2 Advance selected technologies within the 3 areas: low-energy building, renewable 
energy supply and distribution 
Si x t e c hnol ogi e s  t ha t  a r e  c r uc i a l  f or  t he  ove r a l l  goa l s  of  a c hi e vi ng ul t r a l ow e ne r gy hous e s  wi t h 
a  hi gh pr opor t i on of  r e ne wa bl e  e ne r gy s uppl y i nt e gr a t e d i n t he  s uppl y s ys t e m ha ve  be e n 
s e l e c t e d f or  f ur t he r  de ve l opme nt  i n t he  pr oj e c t . T he  6 t e c hnol ogi e s  a r e :   
• W i ndows . 
• Founda t i on a nd f l oor  s l a b i ns ul a t i on. 
• A bi oma s s  pl a nt  CHP pl a nt  
• Low-l os s  c os t -e f f i c i e nt  pi pi ng s ys t e m f or  l oc a l  di s t r i c t  he a t i ng di s t r i but i on s ys t e ms . 
• Int e gr a t e d he a t -r e c ove r y a nd he a t -pump s ys t e m. 
• Adva nc e d us e r -or i e nt e d BEM S 
 
1.2.3 Improve the design, checking and verification procedures. 
St i pul a t i ng a nd c he c ki ng s pe c i a l  e ne r gy r e qui r e me nt s  t o a  c e r t a i n ne i ghbour hood i s  not  a n e a s y 
t a s k. In ma ny M S, t he  i mpl e me nt a t i on of  t he  Di r e c t i ve  on Ene r gy Pe r f or ma nc e  i n Bui l di ngs  
( EPBD)  i nt r oduc e s  ne w, s t r i nge nt  r e qui r e me nt s  t o t he  e ne r gy pe r f or ma nc e  of  bui l di ngs  or  a t  
l e a s t  ne w r e qui r e me nt s  f or  s howi ng how t o c ompl y wi t h t he  e xi s t i ng r e qui r e me nt s . T o ha ndl e  
t he s e  ne w pr ovi s i ons  i n pr a c t i c e  r e qui r e s  a  c e r t a i n s e t  of  pr oc e dur e s . Ba s e d on l e s s ons  l e a r ne d, 
i t  i s  t he  obj e c t i ve  of  t he  Cl a s s  1 pr oj e c t  t o de ve l op pr oc e dur e s  t ha t  a r e  bot h us e f ul  whe n a  l oc a l  
a ut hor i t y de c i de s  t o i nt r oduc e  t oughe r  e ne r gy r e qui r e me nt s  ( a s  i s  t he  c a s e  wi t h St e nl oe s e  c om-
muni t y)  a s  we l l  a s  f or  t he  ge ne r a l  ha ndl i ng of  t he  pr a c t i c a l  i mpl i c a t i ons  of  t he  l oc a l  i mpl e me n-
t a t i on of  t he  EPBD. 
 
1.2.4 Integrate the European eco-label in the building projects (houses and components) 
T hi s  obj e c t i ve  a ddr e s s e s  s pe c i f i c a l l y t he  e nvi r onme nt a l  c ons i de r a t i ons  whi c h c onc e r n t he  
s e l e c t i on of  pr oduc t s  f or  t he  pr oj e c t  a nd r e duc i ng t he  e nvi r onme nt a l  i mpa c t  of  t he s e  pr oduc t s  
by i nc or por a t i ng t he  EU e c o-l a be l  i n t he  pr oj e c t .  
In t hi s  obj e c t i ve , t he  EU e c o-l a be l  wi l l  be  i nc or por a t e d i n t he  va r i ous  s t a ge s  of  t he  pr oj e c t  
f r om de s i gn a nd pl a nni ng t o c ons t r uc t i on a nd ma na ge me nt .  
T he  EU e c o-l a be l  wi l l  be  i nt e gr a t e d t hr ough c ont r a c t or s  a nd c ommuni t y of f i c i a l s  s o t ha t  t he  
f i na l  us e r s  of  t he  s e t t l e me nt  ( t he  r e s i de nt s )  wi l l  be  e ns ur e d a  s uppl y of  l e s s  e nvi r onme nt a l l y 
da ma gi ng pr oduc t s  a nd knowl e dge  t o unde r s t a nd t he  EU e c o-l a be l , Pa xe va nos , a nd M ør c k 
( 2009) .   
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1.2.5 Demonstrate large-scale implementation close to market technical and economic condi-
tions 
T he  i mpl e me nt a t i on of  ne w, t oughe r  r e qui r e me nt s  i s  a l wa ys  me t  wi t h s c e pt i c i s m f r om t he  
bui l di ng ma r ke t  pr of e s s i ona l s . Ar c hi t e c t s , c ont r a c t or s  a nd ma nuf a c t ur e r s  s e e  t hi ngs  f r om di f f e r -
e nt  pe r s pe c t i ve s  a nd t he y a r e  i ns t i nc t i ve l y a l mos t  a l wa ys  a ga i ns t  ne w r e qui r e me nt s .  
T o c onvi nc e  t he s e  gr oups  a nd t o pa ve  t he  wa y f or  f or t hc omi ng t oughe r  ge ne r a l  e ne r gy r e -
qui r e me nt s  i n t he  bui l di ng r e gul a t i ons , i t  i s  i mpe r a t i ve  t o de mons t r a t e  i n a  l a r ge  s c a l e  a nd c l os e -
t o-nor ma l  ( bus i ne s s  a s  us ua l )  s i t ua t i on t ha t  t he  de s i gn a nd c ons t r uc t i on of  ul t r a l ow-e ne r gy 
hous e s  wi t h a  hi gh de gr e e  of  r e ne wa bl e  e ne r gy s uppl y i s  i nde e d a  vi a bl e  opt i on.  
In c onc l us i on t he  obj e c t i ve  i s  t o pa ve  t he  wa y f or  a  f a s t e r  i nt r oduc t i on of  t he  de mons t r a t e d 
ul t r a l ow-e ne r gy bui l di ng t e c hnol ogi e s  a nd t he  i nt e gr a t e d r e ne wa bl e  e ne r gy s uppl y – i n t hi s  c a s e  
t he  bi oma s s  CHP pl a nt s  i n c ombi na t i on wi t h s ol a r  he a t i ng s ys t e ms . 
2 ST AT US OF W ORK  
T he  muni c i pa l i t y of  Ege da l  ha s  a dve r t i s e d t he  c ons t r uc t i on s i t e s  a t  t he  ne w s e t t l e me nt  a r e a  
St e nl oe s e  Sout h f or  s a l e  wi t h s pe c i a l  e ne r gy r e qui r e me nt s  f or  a l l  bui l di ngs  t o be  bui l t  a c c or di ng 
t o t he  Da ni s h l ow-e ne r gy s t a nda r d c l a s s  1 or  be t t e r . Fur t he r mor e , t he  us a ge  of  s ol a r  e ne r gy f or  
hot  wa t e r  pr e pa r a t i on a nd he a t  pumps  f or  he a t i ng i n t he  s i ngl e -f a mi l y hous e s  i s  r e qui r e d. 
Dur i ng t he  f i r s t  ye a r  of  t he  pr oj e c t , t he  muni c i pa l i t y i t s e l f  c ons t r uc t e d a  ki nde r ga r t e n i n c om-
pl i a nc e  wi t h t he  a bove  r e s t r i c t i ons  a nd a  s oc i a l  hous i ng a s s oc i a t i on ( K AB - Cope nha ge n Soc i a l  
Hous i ng a s s oc i a t i on)  ha s  c ompl e t e d a n ul t r a l ow-e ne r gy hous e  pr oj e c t  – c ompr i s i ng 65 dwe l -
l i ngs . Be s i de s , t he  c ons t r uc t i on of  t he  s e ni or  c i t i ze ns  c e nt r e  a nd 30 s i ngl e -f a mi l y hous e s  ha ve  
c omme nc e d.  
T he  phot os  be l ow pr e s e nt  a n ove r vi e w of  t he  St e nl oe s e  Syd s e t t l e me nt  f r om t he  a i r . 
 
 
 
Figur e  1 .  P h o to  o f the  Ste nlo e se  So uth se ttle me nt.   
2.1 The demonstration buildings 
T he  Cl a s s  1 pr oj e c t  e nc ompa s s e s  5 di f f e r e nt  t ype s  of  bui l di ng de mons t r a t i on pr oj e c t s :    
• 65 ul t r a l ow-e ne r gy s oc i a l  hous i ng uni t s  – t he  K AB s oc i a l  hous i ng pr oj e c t ;  
• A ki nde r ga r t e n;  
• A c e nt r e  f or  s e ni or  c i t i ze ns ;  
• About  90 s i ngl e -f a mi l y hous e s ;  
• 4 de ns e  l ow-r i s e  bui l di ng a r e a s ;  
Of  t he s e  t a r ge t s , t he  f i r s t  t wo ha ve  be e n me t , t he  t hi r d i s  a l mos t  f i ni s he d a nd a bout  30 s i ngl e -
f a mi l y hous e s  ha ve  be e n bui l t . T he  f i r s t  of  t he  4 pl ot s  f or  l ow-r i s e  hous i ng a r e a s  ha ve  be e n s ol d 
a nd a  pr oj e c t  i s  be i ng de ve l ope d. 
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2.1.1 The KAB social housing project 
T he  pr oj e c t  c ompr i s e s  65 dwe l l i ngs  i n t wo s i ze s :  82 a nd 110 m² . T he  hous e s  a r e  bui l t  a s  r ow-
hous e s  a nd t he  c ons t r uc t i on i s  pr e f a br i c a t e d r oom-s i ze  e l e me nt s  – me a ni ng t ha t  e a c h a pa r t me nt  
c ons i s t s  of  t wo e l e me nt s  put  t oge t he r  a t  t he  bui l di ng s i t e . T hus  c ons t r uc t i on t i me  a t  t he  s i t e  i s  
ve r y s hor t . T he  dwe l l i ngs  ha ve  be e n de s i gne d f or  a  ne t  he a t i ng l oa d of  15 kW h/ m² / y. T hi s  i s  
we l l  be l ow t he  Da ni s h l ow-e ne r gy c l a s s  1 s t a nda r d whi c h ge ne r a l l y l e a ds  t o ne t  he a t i ng l oa ds  of  
a bout  25 kW h/ m² / y. T he  f i r s t  ye a r 's  me a s ur e me nt  s hows  a  he a t i ng l oa d of  a bout  20 kW h/ m² / y, 
whi c h i s  pr oba bl y due  t o l e a ka ge  on t he  a s s e mbl i ng l i ne s . T hi s  i s  be i ng me nde d i n t he  l a s t  
mont hs  of  2009. T he  dwe l l i ngs  a r e  pr i ma r i l y he a t e d by t he  ve nt i l a t i on a i r  f r om a  me c ha ni c a l  
ve nt i l a t i on s ys t e m wi t h he a t  r e c ove r y. One -t wo r a di a t or s  ha ve  be e n mount e d t o e ns ur e  t ha t  
he a t i ng c a n ma i nt a i n c omf or t  t e mpe r a t ur e s  i n ve r y c ol d wi nt e r s . T he  hous e s  a r e  t o be  s uppl i e d 
wi t h he a t  f r om t he  di s t r i c t  he a t i ng ne t wor k f e d by t he  pl a nne d bi oma s s  CHP pl a nt  a nd a  c e nt r a l  
s ol a r  he a t i ng s ys t e m ( a l s o pa r t  of  t he  Cl a s s 1 CONCERT O pr oj e c t ) . 
 
 
 
Figur e  2 .  P h o to  o f the  K AB -ultr a lo w-e ne r gy ho using p r o j e c t.  
 
2.1.2 The kindergarten 
T he  ne w ki nde r ga r t e n f or  t he  St e nl oe s e  Sout h a r e a  ha s  be e n de s i gne d f or  l ow e ne r gy c l a s s  1 a c -
c or di ng t o t he  Da ni s h Bui l di ng Re gul a t i ons . T he  ki nde r ga r t e n ha s  2 he a t  pumps  i n s e r i e s  f or  
s pa c e  he a t i ng a nd one  s e pa r a t e  he a t  pump f or  hot  wa t e r  he a t i ng. Spa c e  he a t i ng i s  a  f l oor  he a t -
i ng s ys t e m a nd i t  i s  s t r i ki ng t o obs e r ve  t he  ve r y l ow t e mpe r a t ur e s  we r e  ne e de d t o he a t  t he  ki nd-
e r ga r t e n – e ve n i n wi nt e r  mont hs . A me c ha ni c a l  ve nt i l a t i on s ys t e m wi t h he a t  r e c ove r y e ns ur e s  
good qua l i t y i ndoor  a i r . 
 
 
 
Figur e  3 .  P h o to  o f the  kind e r ga r te n.  
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2.1.3 The centre for senior citizens people 
An a c t i vi t y c e nt r e  f or  de s i gne d f or  e l de r l y pe opl e  of  t he  muni c i pa l i t y a nd a l l owi ng t he m t o r e -
l a x wi t h hobbi e s  a nd ot he r  i ndoor  a c t i vi t i e s . T he  c e nt r e  ha s  be e n de s i gne d f or  l ow e ne r gy c l a s s  
1 a nd a  ne t  he a t i ng l oa d l owe r  t ha n e xpe c t e d f or  t hi s  c l a s s . It  i s  a l s o he a t e d by a  he a t  pump a nd 
ha s  me c ha ni c a l  ve nt i l a t i on wi t h he a t  r e c ove r y. T he  c ons t r uc t i on pr i nc i pl e  i s  s t e e l  pl a t e s  bur i e d 
a bout  1 m i n t he  gr ound a nd t he n i ns ul a t e d on bot h s i de s , r e a c hi ng ve r y l ow U-va l ue s  wi t h no 
t he r ma l  br i dge s . 
 
 
 
Figur e  4 .  P h o to  o f the  c e ntr e  fo r  se nio r  c itiz e ns –  und e r  c o nstr uc tio n.  
 
2.1.4 Single-family houses 
About  30 s i ngl e -f a mi l y hous e s  ha ve  be e n c ons t r uc t e d or  a r e  unde r  c ons t r uc t i on. T he y a r e  a l l  
de s i gne d f or  l ow e ne r gy c l a s s  1 s t a nda r d a c c or di ng t o t he  Da ni s h Bui l di ng Re gul a t i ons . T he y 
ha ve  a  mi ni mum of  3 m²  t he r ma l  s ol a r  c ol l e c t or  a nd a r e  he a t e d by i ndi vi dua l  he a t  pumps .  
 
 
 
Figur e  5 .  P ho to  o f two  single -fa mily ho use s.  
 
2.1.5 Int e l l i ge nt  bui lding c ont r ol  
Al l  t he  bui l di ngs  of  t he  Cl a s s  1 pr oj e c t  wi l l  be  moni t or e d a nd c ont r ol l e d by a n a dva nc e d 
BESM . T he  s ys t e m wi l l  be  t a r ge t e d a t  us e r s  e na bl i ng t he m t o moni t or  a nd c ont r ol  t he i r  own 
c omf or t  a nd e ne r gy c ons umpt i on. T he  s ys t e m wi l l  be  i nt e r ne t -ba s e d t o r e duc e  c os t s  a nd e na bl e  
r e s i de nt s  t o us e  t he i r  own c omput e r s  f or  di r e c t  a c c e s s  t o a l l  da t a  r e l a t e d t o t he i r  own home  a nd 
t o c ompa r a t i ve  da t a  f r om t he  ot he r  hous e hol ds . T hi s  wi l l  e .g. e na bl e  t he m t o c ompa r e  t he i r  own 
e ne r gy us e  wi t h t he  a ve r a ge  of  a l l  s i mi l a r  hous e hol ds . T he  us e r s  wi l l  ha ve  a  numbe r  of  di f f e r e nt  
opt i ons , e .g. t o s e t  up a  va c a t i on pe r i od, whe r e  t e mpe r a t ur e s  c a n be  ke pt  l owe r . If  t he y r e t ur n 
home  e a r l i e r  t ha n e xpe c t e d, t he y c a n t ur n on t he  he a t  f r om a n i nt e r ne t  c a f é  a nywhe r e  i n t he  
wor l d. T he  s ys t e m wi l l  a l s o hol d a  budge t  f or  t he  e ne r gy c ons umpt i on a nd t he r e f or e  a l l ow t he  
r e s i de nt s  t o c ompa r e  t he i r  a c t ua l  us e  wi t h t he  budge t .  
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2.1.6 Evaluation of user preferences 
One  pa r t  of  t he  de mons t r a t i on a c t i vi t i e s  de a l s  wi t h t he  e va l ua t i on of  t he  us e r  pr e f e r e nc e s  t o i m-
pr ove  t a r ge t i ng of  f ut ur e  buye r s / bui l de r s  of  l ow-e ne r gy hous e s . Dur i ng t he  f i r s t  12 mont hs  of  
t he  pr oj e c t  t he  me t hodol ogy wa s  de t e r mi ne d a nd t he  i ni t i a l  i nt e r vi e ws  c a r r i e d out , Qui t za u, 
M unt he -K a a s , Hof f ma nn a nd El l e  ( 2009) . 
T he  pr oj e c t  i n St e nl oe s e  Sout h ha s  be e n gr oundbr e a ki ng f or  Da ni s h l ow-e ne r gy bui l di ng 
pr oj e c t s . T hough ha mpe r e d by t he  f i na nc i a l  c r i s i s , t he  pr oj e c t  ha s  s hown t ha t  i t  i s  pos s i bl e  f or  a  
muni c i pa l i t y t o pr omot e  l ow-e ne r gy bui l di ng on ma r ke t  t e r ms . T he  pr oj e c t  i s  i mpor t a nt  a s  a  
s howc a s e  f or  l ow e ne r gy bui l di ngs  i n va r i ous  wa ys . Fi r s t l y, i t  i s  a n e xa mpl e  of  pr oa c t i ve  mu-
ni c i pa l  i nvol ve me nt  i n e nvi r onme nt a l  i s s ue s , s e c ondl y i t  i s  a n e xa mpl e  of  how l ow-e ne r gy 
dwe l l i ngs  do not  ha ve  t o c ompr omi s e  whe n i t  c ome s  t o c omf or t  a nd t hi r dl y i t  ha s  gi ve n i mpor -
t a nt  e xpe r i e nc e s  wi t h us e r  pr e f e r e nc e s  a nd t he  r ol e  of  t he  bui l di ng i ndus t r y. Fi na l l y, i t  ha s  c on-
t r i but e d t o de ve l op t he  c ompe t e nc e s  of  bui l di ng i ndus t r y.  
T he  pr oj e c t  i s  t o be  vi e we d a s  a  s uc c e s s  a s  i t  ha s  doc ume nt e d i t  pos s i bl e  t o pr omot e  l ow-e ne -
r gy dwe l l i ngs  f or  or di na r y pe opl e  on ma r ke t  t e r ms . T he  ne wc ome r s , c l i e nt s  a s  we l l  a s  t e na nt s , 
s e e m t o be  pe r f e c t l y or di na r y i nha bi t a nt s  i n t hos e  t ype s  of  dwe l l i ngs . T he i r  ma i n mot i va t i ons  
f or  movi ng t o t he  a r e a , wa s  t he  pr i c e  a nd l oc a t i on a nd t he  pos s i bi l i t y t o l i ve  i n a  ne wl y bui l t  
home . It  i s  a l s o wor t h t o me nt i oni ng t ha t  a  gr e a t  de a l  of  t he  ne wc ome r s  ha s  move d pr i ma r i l y 
be c a us e  t he y we r e  obl i ge d t o, f or  e xa mpl e  by a  di vor c e , or  be c a us e  of  di s s a t i s f a c t i on wi t h t he i r  
f or me r  dwe l l i ng. It  i s  e vi de nt  t ha t  e nvi r onme nt a l  s t a nda r ds  by t he ms e l ve s  wi l l  ha r dl y wor k a s  a  
mot i va t i ng f a c t or  f or  t he  ma i n pa r t  of  c l i e nt s  or  t e na nt s  out s i de  t he  gr e e ne s t  s e gme nt . Eve n 
t hough i t  i s  ge ne r a l l y vi e we d a s  a  pos i t i ve  a s s e t  of  a  dwe l l i ng, t he  l ow-e ne r gy a s pe c t  doe s  not  
s e e m t o ha ve  be e n t he  ma i n pr i or i t y f or  a ny s i gni f i c a nt  pa r t  of  t he  popul a t i on of  St e nl oe s e  
Sout h. Fr om ot he r  r e s e a r c h on movi ng ha bi t s  a nd dwe l l i ng pr e f e r e nc e s , we  s e e  t ha t  movi ng 
ma i nl y ha s  t o do wi t h c ha nge s  i n t he  l i f e  of  t he  i ndi vi dua l  or  f a mi l y, whi c h ma ke s  t he  c ur r e nt  
dwe l l i ng i na de qua t e . T he  c hoi c e  of  a  ne w dwe l l i ng i s  a l s o de pe nde nt  on s e ve r a l  f a c t or s , s uc h a s  
e c onomy, l oc a t i on a nd t r a ns por t a t i on, be f or e  pe opl e  c ons i de r  t he  e nvi r onme nt a l  pr of i l e .  
Howe ve r , t hough not  t he  ma i n dr i ve r , i t  i s  wor t h me nt i oni ng t ha t  a  bi g ma j or i t y of  t he  r e -
s ponde nt s  i n t hi s  s ur ve y s e e ms  t o l i ke  t he  i de a  of  muni c i pa l  e nvi r onme nt a l  i nvol ve me nt . Ge ne r -
a l l y, l ow-e ne r gy dwe l l i ngs  a nd e nvi r onme nt a l l y s ound pr oj e c t s  a r e  vi e we d a s  pos i t i ve .  
Le gi s l a t i ve  me a s ur e s  s e e m t o be  a n e f f e c t i ve  wa y t o e ns ur e  a  mor e  e nvi r onme nt a l l y s ound 
bui l di ng i ndus t r y a s  t he  c l i e nt / i ndus t r y r e l a t i on s e e ms  t o c r e a t e  de a dl oc ks  whe r e  ne i t he r  pa r t  i s  
wi l l i ng t o t a ke  t he  i ni t i a t i ve  t o i nnova t e  vol unt a r i l y whe n i t  doe s  not  s e e m e c onomi c a l l y pr of i t -
a bl e . As  ne w oppor t uni t i e s  e me r ge  -  i t  i s  now pos s i bl e  t o i nc l ude  e nvi r onme nt a l  de ma nds  i n 
l oc a l  pl a nni ng -  i t  i s  muc h e a s i e r  f or  muni c i pa l i t i e s  t o s t i pul a t e  l ow e ne r gy r e qui r e me nt s  
t hr ough l e gi s l a t i on, t hough i t  s t i l l  r e qui r e s  qui t e  a  l ot  of  wor k t o ma na ge  t he  de ve l opme nt a l  
pr oc e s s e s  a s  ne i t he r  c l i e nt s  nor  i ndus t r y ha ve  muc h e xpe r i e nc e  wi t h l ow-e ne r gy r e qui r e me nt s .  
Inf or ma t i on a bout  t he  c ons e que nc e s  of  bui l di ng a nd l i vi ng i n l ow-e ne r gy dwe l l i ngs  mi ght  be  
a  c e nt r a l  i s s ue . Cons t r uc t i on budge t s  of  5 t o 10 ye a r s  mi ght  he l p vi s ua l i ze  t he  be ne f i t s  of  e ne r gy 
e f f i c i e nt  hous i ng. Al s o, s pe c i f i c  gui da nc e  i n t he  c hoi c e s  of  t e c hnol ogy mi ght  be  a  good i de a , a s  
l ong a s  t he  bui l di ng i ndus t r y doe s  not  ha ve  s uf f i c i e nt  e xpe r i e nc e  t o gi ve  c ompe t e nt  a dvi c e . In 
t he  c a s e  of  s i ngl e -f a mi l y hous e s  i t  mi ght  be  a  good i de a  t o i nvol ve  t he  c l i e nt s  i n t he  ne w r e s i -
de nt i a l  a r e a  i n t he  e a r l y s t a ge s  of  t he  pr oc e s s , a s  c ol l e c t i ve  s ol ut i ons  mi ght  me a n e ve n l e s s  
e ne r gy c ons umpt i on t ha n i n i ndi vi dua l  l ow-e ne r gy dwe l l i ngs . T hi s  ki nd of  pr oj e c t  mi ght  a l s o 
me a n t ha t  t he  i mpa c t  on s oc i e t y t hr ough “ a mba s s a dor s ”  mi ght  i nc r e a s e , a s  t he  c l i e nt s  ( or  t e n-
a nt s  f or  t ha t  s a ke )  ha ve  mor e  owne r s hi p of  t he  pr oj e c t . T hi s  i s  of  c our s e  c ondi t i ona l  on t he  
pr oc e s s  a nd t he  dwe l l i ngs  r unni ng s moot hl y.  
On one  ha nd, i t  i s  pr obl e ma t i c  t ha t  t he  ne wc ome r s  t o St e nl oe s e  Sout h di d not  c hoos e  t he  a r e a  
be c a us e  of  t he  e nvi r onme nt a l  pr of i l e , a s  i t  ma ke s  i t  di f f i c ul t  t o s e l l  ne w bui l di ng pr oj e c t s  wi t h 
e ne r gy e f f i c i e nc y a s  a n a r gume nt . On t he  ot he r  ha nd i t  s e e ms  t ha t  t he  ne wc ome r s  t o St e nl oe s e  
Sout h a r e  pe r f e c t l y or di na r y pe opl e  a nd t he  pr oj e c t  t hus  doc ume nt s  t ha t  i t  i s  pos s i bl e  t o wor k 
wi t h l ow-e ne r gy bui l di ng pr oj e c t s  on ma r ke t  t e r ms . 
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2.2 The development of products 
Dur i ng t he  f i r s t  12 mont hs  pe r i od t he  de ve l opme nt  wor k f or  t he  wi ndows  - Ha ul r i k a nd M ør c k 
( 2008)  a nd t he  he a t  r e c ove r y he a t  pump s ys t e m - Sve nds e n a nd M ør c k ( 2008)  ha ve  be e n c om-
pl e t e d a nd a  c ons i de r a bl e  pa r t  of  t he  de ve l opme nt  wor k f or  t he  di s t r i c t  he a t i ng ne t wor k i nnova -
t i on a nd t he  bi o-ma s s  CHP-pl a nt  ha ve  be e n unde r t a ke n. 
2.3 Participant list 
T he  ma i n pa r t  of  t he  pr oj e c t  i s  c a r r i e d out  i n De nma r k a nd t he  4 a s s oc i a t e d M S r e c e i ve  t he  
r e s ul t s  a nd l e s s ons  l e a r ne d a nd c onve y a nd i mpl e me nt  t he m i n t he i r  na t i ona l  muni c i pa l i t i e s . 
T he  t a bl e  be l ow l i s t s  t he  pa r t i c i pa nt s  of  t he  Cl a s s  1 pr oj e c t . 
 
T a b le  1 .  P a r tic ip a nt list.    
E ntity          Co untr y  
M unic ip a lity  o f E ge d a l  D e nma r k  
Ce ne r gia  E ne r gy Co nsulta nts  D e nma r k  
D a nish B uild ing Re se a r c h I nstitute ,  Aa lb o r g U nive r sity  D e nma r k  
D e p t.  o f Civil E ngi ne e r ing,  T e c h.  U niv.  o f D K  D e nma r k  
P RO  T E C W ind o ws A/S  D e nma r k  
D a nsk Le c a  A/S  D e nma r k  
B io Syne r gi P r o c e s Ap S  D e nma r k  
G e nve x A/S  D e nma r k  
Lo gsto r  A/S  D e nma r k  
E le c tr o nic  H o use ke e p e r  A/S  D e nma r k  
I B  Aksia a l O Ü  E sto nia  
V a lga  T o wn G o ve r nme nt  E sto nia  
E nte  p e r  le  N uo ve  T e c no lo gie  l'E ne r gia  e  l'Amb ie nte  I ta ly  
I  I stituto  Co o p e r a tivo  p e r  l'I nno va z io ne  I ta ly  
Co mmune  d i B o lo gna    I ta ly  
Susta ina b le  U r b a n D e ve lo p me nt E ur o p e a n N e two r k  Fr a nc e  
M unic ip a lity o f B e gle s  Fr a nc e  
Asso c ia tio n o f the  Lo c a l D e ve lo p me nt  P r o mo t e r s  Ro ma nia  
M unic ip a lity o f O d o b e şti  Ro ma nia  
3 CONCLUSIONS 
In t he  c omi ng mont hs  ( t he  pr oj e c t  r uns  f or  60 mont hs )  t he  ne xt  de mons t r a t i on bui l di ngs  a r e  t o 
be  c ompl e t e d, t he  bi oma s s  CHP pl a nt  c ombi ne d wi t h a  l a r ge  a r r a y of  s ol a r  c ol l e c t or s  i s  t o be  
i mpl e me nt e d a nd t he  moni t or i ng i ni t i a t e d. T he  us e r s  wi l l  be  f ol l owe d a nd a s s i s t e d a nd t he  l e s -
s ons  l e a r ne d wi l l  be  doc ume nt e d. Al s o t he  de ve l opme nt  of  t he  ne xt  4 ke y t e c hnol ogi e s  wi l l  be  
c ompl e t e d. T he  t r a i ni ng a nd di s s e mi na t i on wi l l  be  c a r r i e d out . One  pos s i bl e  de ve l opme nt  i s  t ha t  
one  or  mor e  of  t he  a s s oc i a t e d c ommuni t i e s  wi l l  a l s o be gi n t he  i mpl e me nt a t i on of  ne w CON-
CERT O de mons t r a t i on pr oj e c t s . 
It  i s  e xpe c t e d t ha t  t he  e xpe r i e nc e s , l e s s ons  l e a r ne d a nd R&D c a r r i e d out  a s  pa r t  of  t he  Cl a s s  1 
pr oj e c t  wi l l  pa ve  t he  wa y f or  t he  de ve l opme nt , de s i gn a nd c ons t r uc t i on of  s us t a i na bl e , l ow or  
ze r o CO 2 -e mi s s i on c ommuni t i e s  i n t he  f ut ur e . A gui de l i ne  a c t i vi t y wa s  t o r e vi e w e xi s t i ng de -
s i gn gui de l i ne s  i n t he  pa r t i c i pa t i ng M S. T he  a i m of  t hi s  i nve s t i ga t i on wa s  t o e va l ua t e  t he  c r os s  
a ppl i c a bi l i t y of  e xi s t i ng gui de l i ne s  i n pa r t i c i pa t i ng M S a nd how t he y f i t  wi t h na t i ona l  i mpl e -
me nt a t i ons  of  t he  Di r e c t i ve  on Ene r gy Pe r f or ma nc e  of  Bui l di ngs . T he  f i r s t  s t e p wa s  t o do a  s ur -
ve y on t he  e xi s t e nc e  a nd t he  c ont e nt s  of  na t i ona l  or  l oc a l  gui de l i ne s  i n t he  pa r t i c i pa t i ng M S:  
De nma r k, Es t oni a , Fr a nc e , It a l y a nd Roma ni a , ( Ca s t e l l a zzi , Ci t t e r i o, M ør c k, T homs e n, K a s e , 
Cha r l ot -V a l di e u, a nd Ba l i c a , ( 2009) . 
T he  c onc l us i ons  a r e  t ha t  i n ge ne r a l  t he  Da ni s h gui de l i ne s  ha ve  be e n e va l ua t e d t o ha ve  a  good 
a ppl i c a bi l i t y i n a l l  t he  ot he r  M S. T he  s umme r  c ondi t i oni ng wi t h a bs or bi ng c ool i ng s ys t e ms  
( f r om It a l i a n gui de l i ne s )  ha ve  be e n c ons i de r e d t o be  not  a ppl i c a bl e  i n De nma r k a nd Es t oni a . 
T hi s  c a n be  e xpl a i ne d by t he  f a c t s  t ha t  i n Es t oni a  a nd i n De nma r k t he r e  i s  a  l ow s ol a r  r a di a t i on 
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a nd a  l ow s umme r  c ool i ng de ma nd, but  i n Fr a nc e  ( not  i n t he  me t r opol i t a n a r e a ) , s ol a r  c ool i ng 
s houl d ha ve  a  good pot e nt i a l  a nd i s  be i ng de ve l ope d.  
T he  i t e ms  t ha t  ha d a  c ons e ns us  f r om a l l  e xpe r t s  we r e  t he  f ol l owi ng:  
• Bui l di ng e nve l ope  a nd t he r ma l  i ns ul a t i on;  
• Hi gh-e f f i c i e nc y boi l e r s ;  
• Hi gh-e f f i c i e nc y a i r -c ondi t i oni ng s ys t e ms ;  
• T he r mos t a t s  a nd r a di a t or  va l ve s  t o pr e ve nt  ove r he a t i ng;  
• Cool i ng de ma nd a s s e s s me nt ;  
• Li ght i ng s ys t e ms  e f f i c i e nc y s t a nda r ds  a nd c ont r ol  s ys t e ms ;  
• W a t e r  a c c ount i ng a nd wa t e r  s a vi ng;  
• Low t e mpe r a t ur e  f l oor  he a t i ng s ys t e ms ;  
• Hi gh-e f f i c i e nc y he a t  pumps ;  
• De s i gn pr oc e s s  c he c k. 
 
Al l  t he  gui de l i ne s  pr opos e d by t he  Da ni s h, It a l i a n a nd Roma ni a n e xpe r t s  f i t  wi t h t he  na t i ona l  
i mpl e me nt a t i on of  EPBD i n t he i r  r e s pe c t i ve  M S, Ca s t e l l a zzi  e t  a l ., ( 2009) . In ge ne r a l  t he r e  
s e e ms  t o be  a  l a c k of  up-t o-da t e  de s i gn gui de l i ne s  f or  dwe l l i ngs  of  di f f e r e nt  c a t e gor i e s . W i t h 
pr e s e nt  l ow-e ne r gy r e qui r e me nt s  a nd wi s he s  f or  s us t a i na bl e  bui l di ngs  t he  gui de l i ne s  de ve l ope d 
10 or  mor e  ye a r s  ba c k a r e  out da t e d. 
 
T he  Da ni s h Ene r gy Re s e a r c h Pr ogr a mme  i s  a l s o s uppor t i ng t he  pr oj e c t . 
Fur t he r  i nf or ma t i on a bout  t he  Cl a s s 1 pr oj e c t  i s  t o be  f ound on t he  pr oj e c t  we bs i t e :  
www.class1.dk  
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1 INT RODUCT ION 
Sol a r  X X I bui l di ng i s  a  pr ot ot ype  of  l ow e ne r gy of f i c e  bui l di ng l oc a t e d i n Li s bon ( 38º 46’ N, 
9º 11’ W )  whe r e  pa s s i ve  a nd a c t i ve  s ol a r  s t r a t e gi e s  ha ve  be e n a ppl i e d t o r e duc e  t he  us e  of  e ne r gy 
f or  he a t i ng, c ool i ng a nd l i ght i ng, c ombi ni ng a l s o a n e xt e ns i ve  phot ovol t a i c  ( PV )  f a ç a de  f or  
e l e c t r i c i t y pr oduc t i on ( Rodr i gue s  e t  a l . 2008) . 
Li s bon c l i ma t e  i s  c ha r a c t e r i ze d by mont hl y a ve r a ge  t e mpe r a t ur e s  t ha t  s wi ng be t we e n 10.6º C 
f or  t he  c ol de s t  mont h ( J a nua r y)  a nd 22.6º C f or  t he  hot t e s t  ( Augus t ) . Dur i ng s umme r  s ol a r  r a di a -
t i on i s  hi gh, mor e  t ha n 6.5 kW h/ m 2 pe r  da y, a nd ma xi mum a ve r a ge  a i r  t e mpe r a t ur e  i s  a r ound 
28º C;  howe ve r  e xt r e me  va l ue s , a i r  t e mpe r a t ur e s  hi ghe r  t ha n 35º C, c a n be  obs e r ve d dur i ng a  s e -
que nc e  of  da ys . W i nt e r  i s  l e s s  s e ve r e  be c a us e  t he  a ve r a ge  mi ni mum t e mpe r a t ur e  i s  be t we e n 8 
a nd 10º C a nd pr e c i pi t a t i on da ys  a r e  not  f r e que nt . 
Sol a r  X X I wa s  bui l t  i n 2006 a nd i t  ha s  be e n i nt e ns i ve l y moni t or e d e ve r  s i nc e  ( Gonç a l ve s  e t  
a l . 2008) . It  i s  c ons i de r e d a  hi gh e f f i c i e nt  bui l di ng, c l os e  t o a  ne t  ze r o e ne r gy bui l di ng ( NZEB) , 
be c a us e  t he  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr oduc e d i s  1/ 10t h of  t he  e ne r gy 
c ons ume d by a  s t a nda r d of f i c e  bui l di ng. Sol a r  X X I bui l di ng de s i gn i nc l ude s  a  l a r ge  numbe r  of  
e ne r gy e f f i c i e nt  c onc e pt s , s uc h a s  a  hi gh i ns ul a t e d e nve l ope , s out h s un e xpos ur e , wi ndows  
s ha di ng, gr ound c ool i ng or  s t r a t i f i c a t i on a nd c r os s  ve nt i l a t i on. 
Cons i de r i ng t ha t  Sol a r  X X I’ s  de s i gn i s  ba s e d on t he  c onc e pt  of  i nt e gr a t i ng pa s s i ve  s ol a r  
s t r a t e gi e s  f or  he a t i ng a nd c ool i ng i n a  s i ngl e  bui l di ng, i n t hi s  pa pe r , s uc h i nt e gr a t i on i s  e xpl or e d 
a nd a na l yze d i n or de r  t o a s s e s s  i f  t he  r e s ul t s  obt a i ne d s o f a r  c ons t i t ut e  a  pr oof -of -c onc e pt , or  
e l s e  f ur t he r  r e s e a r c h i s  r e qui r e d t o i mpr ove  i t . 
S o lar XXI b u ild in g : p ro o f  o f  co n cep t o r a co n cep t to  b e p ro v ed ?  
M . J . N. Ol i vei ra P anão & H. J . P . Gonçal ves  
LNEG, Lisboa, Portugal 
ABST RACT :  Sol a r  X X I bui l di ng i s  a  pr ot ot ype  of  l ow e ne r gy of f i c e  bui l di ng whe r e  pa s s i ve  
a nd a c t i ve  s ol a r  s t r a t e gi e s  ha ve  be e n a ppl i e d t o r e duc e  t he  us e  of  e ne r gy f or  he a t i ng, c ool i ng 
a nd l i ght i ng, c ombi ni ng a l s o a n e xt e ns i ve  phot ovol t a i c  f a ç a de  f or  e l e c t r i c i t y pr oduc t i on. 
Sol a r  X X I wa s  bui l t  i n 2006 a nd i s  c ons i de r e d a  hi gh e f f i c i e nt  bui l di ng, c l os e  t o a  ne t  ze r o 
e ne r gy bui l di ng ( NZEB) , be c a us e  t he  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr o-
duc e d i s  1/ 10t h of  t he  e ne r gy c ons ume d by a  s t a nda r d ne w of f i c e  bui l di ng. It s  de s i gn i nc l ude s  a  
l a r ge  numbe r  of  e ne r gy e f f i c i e nc y c onc e pt s , s uc h a s  a  hi gh i ns ul a t e d e nve l ope , s out h s un e xpo-
s ur e , wi ndows  s ha di ng, gr ound c ool i ng or  s t r a t i f i c a t i on a nd c r os s  ve nt i l a t i on. 
T he  wi ndows  s ol a r  ga i ns  a nd t he  e f f e c t i ve ne s s  of  s ha di ng de vi c e s  we r e  pr ove d c or r e l a t i ng s ol a r  
r a di a t i on, e xt e r na l  a nd i ndoor  a i r  t e mpe r a t ur e s . It  wa s  a l s o ve r i f i e d t ha t  gr ound c ool e d a i r  ha s  a  
t e mpe r a t ur e  c l os e  t o t ha t  t he or e t i c a l  e xpe c t e d. 
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2 SOLAR BUILDING CONCEPT S 
2.1 Direct gain 
Di r e c t  ga i n c onc e pt , a ppl i e d i n s ol a r  bui l di ngs , c ons i s t s  of  e nl a r gi ng wi ndows  a r e a  i n s out h 
f a ç a de  s o t ha t  wi nt e r  s ol a r  e ne r gy i s  e a s i l y c ol l e c t e d dur i ng t he  da yt i me  hour s . In c ool i ng s e a -
s on t he s e  wi ndows  s houl d be  pr ope r l y s ha de d. T hi s  s t r a t e gy i nc l ude s  t he  mi ni mi za t i on of  wi n-
dows  a r e a  i n t he  e a s t , we s t  a nd nor t h f a ç a de s  t o t he  s t r i c t l y ne c e s s a r y i n t e r ms  of  na t ur a l  
l i ght ni ng pr opos e s . 
In t he  Sol a r  X X I bui l di ng, of f i c e s  a r e  s out h or i e nt e d a nd ha ve  l a r ge  wi ndows  pr ovi di ng he a t  
a nd na t ur a l  l i ght  t o t he s e  r ooms  dur i ng he a t i ng s e a s on. Sout h f a ç a de  i s  t ot a l l y c ove r e d by wi n-
dows  a nd PV  pa ne l s  by e qui va l e nt  pr opor t i ons  ( Fi gur e  1) . Ea c h wi ndow a r e a  i s  4.4 m 2  a nd t he  
gl a zi ng s ys t e m  a r e a  ( wi t hout  f r a me )  i s  3.6 m 2  c or r e s pondi ng t o 22%  of  r oom f l oor  a r e a . 
 
 
 
Figur e  1 .  D i r e c t ga in a nd  P V  p a ne ls in so uth fa ç a d e  o f So la r  X X I  b uild ing.   
 
T he  r e ma i ni ng r ooms  l oc a t e d i n t he  nor t h pa r t  of  t he  bui l di ng, s uc h a s  l a bor a t or i e s , a udi t o-
r i ums , ba t hr ooms  a nd oc c a s i ona l  of f i c e s , c ons t i t ut e  t he  bui l di ng buf f e r  zone . 
Dur i ng wi nt e r  s unny da ys , t he  t ot a l  a mount  of  e ne r gy c ol l e c t e d by e a c h di r e c t  ga i n s ys t e m 
( wi ndow)  i s  a bout  35 M J . Be c a us e  f l oor  i s  a  l i ght  e l e me nt  i n t e r ms  of  t he r ma l  i ne r t i a , a  s ma l l  
pa r t  of  t ha t  e ne r gy i s  s t or e d i n bui l t  e l e me nt s  a nd t he  r e ma i ni ng pa r t  c a us e s  a n i nc r e a s e  of  t he  
s e ns i bl e  t e mpe r a t ur e  dur i ng da y t i me  hour s  whi c h i s  a  de s i r a bl e  be ha vi or  f or  a n of f i c e  bui l di ng. 
 
 
 
Figur e  2 .  Fr o m D e c e mb e r  to  Fe b r ua r y o f 2 0 0 7 ,  2 0 0 8  a nd  2 0 0 9 ,  line a r  c o r r e la tio n o f me a sur e d  d a ily ma x-
imum va lue s o f ( a )  glo b a l so la r  r a d ia tio n a nd  o ffic e  a ir  te mp e r a tur e  a nd  ( b )  e xte r na l a nd  o ffic e  a ir  te mp e r -
a tur e s.  
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Dur i ng a  t hr e e -ye a r  moni t or i ng pe r i od ( 2007-2009) , f r om De c e mbe r  t o Fe br ua r y, da i l y ma x-
i mum va l ue s  of  of f i c e  a i r  t e mpe r a t ur e  a r e  pl ot t e d a ga i ns t  da i l y ma xi mum gl oba l  s ol a r  r a di a t i on 
( Fi g. 2a )  a nd e xt e r na l  a i r  t e mpe r a t ur e  ( Fi g. 2b) . T he  r e s ul t s  s how t ha t , whe n c ompa r e d t o e xt e r -
na l  a i r  t e mpe r a t ur e , gl oba l  s ol a r  r a di a t i on i s  c or r e l a t e d wi t h t he  of f i c e  a i r  t e mpe r a t ur e  a nd s ol a r  
ga i ns  t hr ough wi ndow of f i c e  c ont r i but e  t o a n i nc r e a s e  of  of f i c e  a i r  t e mpe r a t ur e  of  1.2º C f or  
e a c h 100 kW / m 2  of  da i l y ma xi mum gl oba l  s ol a r  r a di a t i on. 
2.2 Thermal insulation 
I n s ol a r  bui l di ngs , t he r ma l  i ns ul a t i on e l e me nt s  a r e  f unda me nt a l  be c a us e  t he y r e duc e  t he r ma l  
e xc ha nge s  by c onduc t i on t r ough e xt e r na l  e nve l ope . T hi s  pr e ve nt i ve  s t r a t e gy i s  us e f ul  i n wi nt e r  
s e a s on by bl oc ki ng he a t  ( s ol a r  ga i ns , i nt e r na l  ga i ns  due  t o oc c upa t i on a nd boi l e r  pr oduc e d)  
f r om l e a vi ng or , i n s umme r  s e a s on, f r om pe ne t r a t i ng. 
Br i c k wa l l s  a r e  e xt e r na l l y i ns ul a t e d by 0.06 m of  e xpa nde d pol ys t yr e ne , t he  r oof  i s  e xt e r na l l y 
i ns ul a t e d wi t h 0.10 m of  e xpa nde d a nd e xt r ude d pol ys t yr e ne  ( 0.05+ 0.05 m)  a nd t he  gr ound 
f l oor  i s  pe r i me t e r l y i ns ul a t e d by 0.10 m of  e xpa nde d pol ys t yr e ne . T he r ma l  br i dge s  a r e  r e duc e d 
i n s pi t e  of  t he  pos i t i on of  i ns ul a t i on e l e me nt s . Doubl e  gl a zi ng i s  a l s o us e d i n or de r  t o r e duc e  
t he r ma l  l os s e s  by wi ndows . 
Cons i de r i ng a l l  t hi s  e l e me nt s , a  gl oba l  U-va l ue  of  1670 W K -1  i s  e s t i ma t e d f or  Sol a r  X X I 
bui l di ng. T he  c ompa c t ne s s  of  Sol a r  X X I bui l di ng, e xpr e s s e d by a  s ha pe  f a c t or  of  0.33 m -1 , i s  a l -
s o a n i mpor t a nt  c ha r a c t e r i s t i c  t o pr e ve nt  t he r ma l  l os s e s . 
2.3 Shading elements 
Dur i ng s umme r  s e a s on, i n s pi t e  of  na t ur a l  l i ght  r e qui r e me nt s , wi ndows  s ha di ng i s  ve r y i mpor -
t a nt  f or  pr e ve nt i ng e xc e s s i ve  s ol a r  ga i ns . Pr e f e r a bl y s ha di ng e l e me nt s  s houl d be  e xt e r na l l y po-
s i t i one d, but  di f f e r e nt  f a ç a de s  r e qui r e  di f f e r e nt  t ype s  of  s ha di ng e l e me nt s . 
In t hi s  bui l di ng, s out h wi ndows  ha ve  movi ng e xt e r na l  bl i nds , ma nua l l y ope r a t e d. W i ndows  
i n ot he r  f a ç a de s  a r e  s ha de d by i nt e r na l  a nd l i ght  r ol l e r  s ha de s . Some  of  t he m, i nc l udi ng r oof  
s kyl i ght , do not  ha ve  a ny t ype  of  s ha di ng de vi c e . 
 
 
 
Figur e  3 .  Fr o m J uly to  Se p te mb e r  o f 2 0 0 7  a nd  2 0 0 8 ,  line a r  c o r r e la tio n o f me a sur e d  d a ily ma ximum va lue s 
o f ( a )  glo b a l so la r  r a d ia tio n a nd  o ffic e  a ir  te mp e r a tur e  a nd  ( b )  e xte r na l a nd  o ffic e  a ir  te mp e r a tur e s.  
 
In s umme r  s e a s on, unl i ke  wi nt e r , r oom t e mpe r a t ur e  i s  mor e  s e ns i t i ve  t o t he  e xt e r na l  t e mpe r a -
t ur e  t ha n t o s ol a r  r a di a t i on a s  Fi gur e  3 s hows . In f a c t , e xt e r na l  a i r  t e mpe r a t ur e  i s  t he  pa r a me t e r  
mos t  c or r e l a t e d wi t h of f i c e  a i r  t e mpe r a t ur e  ( R 2  =  0.55) . T he  f a c t  t ha t  r oom t e mpe r a t ur e  i s  be t t e r  
c or r e l a t e d wi t h e xt e r na l  t e mpe r a t ur e  t ha n t o s ol a r  r a di a t i on s hows  t ha t  ot he r  phe nome na  be s i de s  
s ol a r  ga i ns , s uc h a s  he a t  c onduc t i on a nd i nf i l t r a t i on of  e xt e r na l  a i r , a r e  domi na nt  i n t he  e ne r gy 
ba l a nc e . It  i s  a l s o not e wor t hy t ha t  t he s e  r e s ul t s  s how t ha t  s out h wi ndows  pos i t i on c onj uga t e d 
wi t h s ha di ng de vi c e s  a r e  s uf f i c i e nt l y e f f i c i e nt  f or  ne ut r a l i zi ng t he  s umme r  s ol a r  r a di a t i on.  
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2.4 Ground cooling 
No a i r  c ondi t i oni ng s ys t e m i s  us e d i n Sol a r  X X I bui l di ng;  howe ve r , f or  hot  s umme r  da ys , bui l d-
i ngs  us e r s  c a n “ t ur n on”  t he  gr ound c ool i ng s ys t e m ma ki ng us e  of  t he  gr ound hi gh t he r ma l  i ne r -
t i a . T hi s  s ys t e m c ons i s t s  of  t wo c onc r e t e  pi pe s  f or  e a c h of f i c e  r oom wi t h a  di a me t e r  of  0.30 m 
a nd a  f a n whi c h i ns uf f l a t e s  a i r  i nt o t he  of f i c e . T he  a i r  i s  c ol l e c t e d 15 m f r om t he  bui l di ng, t r a -
ve l s  a t  a  de pt h of  4.6 m a nd i s  f i na l l y f a nne d i nt o t he  of f i c e  r oom a f t e r  c r os s i ng t he  pi pe s  c i r -
c ui t ;  t he  f a n f l ow r a t e  i s  200 m 3 / h. 
Gr ound t e mpe r a t ur e  t hr oughout  t he  ye a r  va r i e s  f r om 13 t o 19º C;  gr ound i s  t he r e f or e  a n e x-
c e l l e nt  c ool i ng s our c e  dur i ng s umme r  s e a s on. Us i ng t he  t he or e t i c a l  f or mul a t i on of  Hol l mul l e r  
( 2003) , f or  t he  s umme r  pe r i od of  Li s bon’ s  c l i ma t e , wi t h a n a ve r a ge  ma xi mum e xt e r na l  t e mpe r a -
t ur e  of  28.9º C, i t  i s  e s t i ma t e d a n a ve r a ge  ma xi mum t e mpe r a t ur e  f or  t he  a i r  e xi t i ng t he  gr ound 
c ool i ng pi pe  s ys t e m ( a i r  i ns uf f l a t e d i nt o t he  r oom)  of  21.5º C, r e pr e s e nt i ng a  de c r e a s e  of  7.4º C. 
Howe ve r , a s  Fi gur e  4 s hows , t hi s  di f f e r e nc e  i nc r e a s e s  wi t h e xt e r na l  a i r  t e mpe r a t ur e , t he r e f or e , 
i n hot  da ys  wi t h a  e xt e r na l  a i r  t e mpe r a t ur e  of  30º C, t he  a i r  c r os s i ng t he  gr ound pi pe s  c a n be  i n-
s uf f l a t e d i nt o t he  r oom a t  22º C. 
T he  c ompa r i s on of  mode l  r e s ul t s  wi t h e xpe r i me nt a l  da t a  i s  c ompr omi s e d by t he  i nt e r mi t t e nt  
us e  of  t he  gr ound c ool i ng s ys t e m. Howe ve r , f or  t he  pe r i od whe r e  f a ns  a r e  t ur ne d on ( s ome  a f -
t e r noon hour s  dur i ng f i ve  s umme r  da ys ) , t he  a i r  i s  i ns uf f l a t e d i nt o t he  r oom a t  a  t e mpe r a t ur e  
c l os e  t o t he  e xpe c t e d by Hol l mul l e r ’ s  t he or e t i c a l  f or mul a t i on, a s  s hown i n Fi gur e  4, whe r e  t he  
t e mpe r a t ur e  di f f e r e nc e  be t we e n e xt e r na l  a nd i ns uf f l a t e d a i r  i s  pl ot t e d a ga i ns t  da i l y ma xi mum 
a i r  t e mpe r a t ur e . 
 
 
 
Figur e  4 .  D iffe r e nc e  b e twe e n d a ily ma ximum e xte r na l a ir  te mp e r a tur e  a nd  c a lc ula te d  d a ily ma ximum 
te mp e r a tur e  o f the  a ir  e xiting the  gr o und  c o o ling syste m a ga inst d a ily ma ximum e xte r na l a ir  te mp e r a tur e  
using a  fo ur  mo nth p e r io d  o f Lisb o n c lima te  ( the o r e tic a l)  a nd  so me  mo nito r ing d a ys ( e xp e r ime nta l) .  
 
2.5 Stratification 
In t he  mi ddl e  of  t he  bui l di ng, t he r e  i s  a  t hr e e -f l oor  a t r i um wi t h t he  doubl e  f unc t i on of  na t ur a l  
l i ght i ng a nd a i r  e xha us t i ng f or  c i r c ul a t i on a r e a s . As  t he  a t r i um c ommuni c a t e s  wi t h t he  of f i c e  
r oom, t he  a i r  i s  na t ur a l l y e xha us t e d f r om t he  l owe r  t o t he  uppe r  f l oor  a s  we l l  a s  f r om t he  of f i c e  
t o t he  c i r c ul a t i on a r e a s . Dur i ng s umme r , s kyl i ght s  ope ni ng c a us e  t he  hot  a i r  e xha us t i on f r om 
t he  bui l di ng. 
An a i r  t e mpe r a t ur e  gr a di e nt  i s  e xpe c t e d i n t he  a t r i um, wi t h hi ghe r  t e mpe r a t ur e s  i n t he  uppe r  
f l oor s . Dur i ng s umme r  a nd wi nt e r  pe r i ods , t he  t hr e e  f l oor s  a i r  t e mpe r a t ur e s  we r e  me a s ur e d a nd 
di f f e r e nc e s  be t we e n f l oor s  a r e  pr e s e nt e d i n Fi gur e  5, t a ki ng a s  r e f e r e nc e  t he  gr ound f l oor . 
In t he  f i r s t  a nd s e c ond f l oor s  t he  gr a di e nt  i s  a l wa ys  pos i t i ve  f or  bot h s e a s ons . Dur i ng wi nt e r , 
t he  a i r  t e mpe r a t ur e  i n t he  f i r s t  f l oor  i s  1 or  2º C hi ghe r  t ha n t he  gr ound f l oor . In t he  s e c ond f l oor  
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t he  gr a di e nt  i s  hi ghe r , wi t h di f f e r e nc e s  a r ound 2 a nd 4º C. For  bot h f l oor s , dur i ng ni ght  pe r i od, 
di f f e r e nc e s  a r e  s ma l l e r  a nd l e s s  t ha n 1º C ( not  obs e r ve d i n Fi gur e  5) . 
Dur i ng s umme r , de s pi t e  s ome  f e w e xc e pt i ons  whe r e  di f f e r e nc e s  a r e  ve r y s ma l l , t he  t e mpe r a -
t ur e  gr a di e nt  obs e r ve d ha s  va l ue s  c l os e  t o t hos e  me a s ur e d i n wi nt e r . T he r e f or e , f r om t he s e  r e -
s ul t s  i t  c a n be  c onc l ude d t ha t  s t r a t i f i c a t i on of  t he  a i r  i ns i de  t he  a t r i um i s  ve r i f i e d f or  bot h pe -
r i ods  wi t h a  l a r ge  i nt e ns i t y dur i ng da yt i me  pe r i od. 
 
 
 
Figur e  5 .  D a ily ma ximum a ir  te mp e r a tur e  d iffe r e nc e s b e twe e n ( a )  fir st a nd  gr o und  flo o r s a nd  ( b )  se c o nd  
a nd  gr o und  f lo o r s.  
3 ENERGY CONSUM PT ION 
3.1 Final energy use 
S ol a r  X X I us e s  na t ur a l  ga s  f or  he a t i ng a nd e l e c t r i c i t y f or  of f i c e  e qui pme nt s  a nd l i ght ni ng. Es -
t i ma t i ons  ba s e d on i nqui r y a nd s i mul a t i ons  i ndi c a t e  t ha t  69%  i s  us e d i n of f i c e  e qui pme nt s  
( c omput e r s , pr i nt e r s , phot oc opi e r s  a nd f a x ma c hi ne s ) , 19%  i n l i ght ni ng a nd 13%  f or  he a t i ng 
( na t ur a l  ga s  boi l e r ) . T he s e  pe r c e nt a ge s  r e f e r  t o pr i ma r y e ne r gy us e . It  i s  i mpor t a nt  t o e mpha s i ze  
t ha t  l i ght i ng us e  woul d be  muc h hi ghe r  i n a  s t a nda r d of f i c e  bui l di ng wi t hout  na t ur a l  l i ght i ng 
s t r a t e gi e s . In f a c t , be s i de s  s ome  da r ke r  da ys  or  l a t e  hour s , s out h of f i c e s  a nd i ndoor  c i r c ul a t i ons  
r a r e l y ne e d e l e c t r i c  l i ght i ng. Phot ovol t a i c  pa ne l s  i nt e gr a t e d i n t he  s out h f a ç a de  a nd pa r ki ng 
a r e a s  pr oduc e  a bout  12 M W h/ ye a r  whi c h i s  a bout  67%  of  t he  pr i ma r y e ne r gy a nd 70%  of  t ot a l  
e l e c t r i c i t y us e d i n t he  bui l di ng. 
T he  a bove  f i gur e s  r e s ul t  on a n e ne r gy e f f i c i e nt  i nde x ( IEE i n Por t ugue s e  l e gi s l a t i on)  of  
2.5 kgoe / ( m 2 .ye a r )  whi c h i s  a bout  1/ 10 th  t he  t ot a l  us e  of  e ne r gy of  a  s t a nda r d ne w of f i c e  bui l d-
i ng. Sol a r  X X I  i s  t he r e f or e  a  hi gh e ne r gy-e f f i c i e nt  bui l di ng c l os e  t o a  ne t  ze r o e ne r gy bui l di ng 
( NZEB) , be c a us e  of  t he  ve r y s ma l l  di f f e r e nc e  be t we e n t he  e ne r gy c ons ume d a nd t ha t  pr oduc e d. 
4 FINAL REM ARK S 
Sol a r  X X I bui l di ng i s  oc c upi e d s i nc e  t he  be gi nni ng of  2006. T he  t hr e e  ye a r  ut i l i za t i on a nd 
moni t or i ng ma de  pos s i bl e  t o ma ke  a  f i r s t  pr oof  of  t he  c onc e pt s  whi c h s us t a i n t he  bui l di ng de -
s i gn. Sout h f a ç a de  i s  e qua l l y di vi de d i nt o di r e c t  ga i n s ys t e ms  a nd phot ovol t a i c  pa ne l s  f or  e l e c -
t r i c i t y pr oduc t i on. T he  wi ndows  of  t he  of f i c e  r ooms  c ont r i but e  wi t h s ol a r  ga i ns  dur i ng wi nt e r  
s unny da ys , a s  t he  c or r e l a t i on be t we e n s ol a r  r a di a t i on a nd i ndoor  a i r  t e mpe r a t ur e  s howe d. T he  
e f f e c t i ve ne s s  of  s ha di ng de vi c e s  i s  a l s o pr ove d by t he  c or r e l a t i on be t we e n e xt e r na l  a nd i ndoor  
a i r  t e mpe r a t ur e , i ns t e a d of  s ol a r  r a di a t i on. 
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Be s i de s  t he  s ma l l  a mount  of  moni t or i ng da ys  whe r e  gr ound c ool i ng s ys t e m wor ke d, i t  wa s  
ve r i f i e d t ha t  t he  a i r  i ns uf f l a t e d i nt o t he  r oom ha s  a  t e mpe r a t ur e  c l os e  t o t he  t he or e t i c a l  pr e di c t e d 
by Hol l mul l e r ’ s  ( 2003)  mode l . 
In t e r ms  of  e ne r gy ba l a nc e , t hi s  bui l di ng i s  a n e xa mpl e  of  a  l ow e ne r gy bui l di ng, c ons umi ng 
a bout  1/ 10 th  of  a  s t a nda r d ne w of f i c e  bui l di ng, a c c or di ng t o Por t ugue s e  l e gi s l a t i on. 
Fut ur e  moni t or i ng s houl d be  or i e nt a t e d f or  t he  gr ound c ool i ng f unc t i oni ng i n or de r  t o ha ve  a  
mor e  a c c ur a t e  a s s e s s me nt  of  i t s  e f f e c t i ve ne s s  on r e movi ng he a t  f r om t he  of f i c e s , a s  we l l  a s  t he  
opt i mi ze d s c he dul e s . 
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1 INT RODUCT ION 
1.1 Motivation 
In Eur ope  40%  of  e ne r gy i s  us e d i n bui l di ngs , mor e  t ha n by i ndus t r i e s  or  t r a ns por t s . In t he  r e s i -
de nt i a l  s e c t or , e s pe c i a l l y i n mi d t e mpe r a t e  c l i ma t e , a bout  57%  of  t he  t ot a l  f i na l  e ne r gy c on-
s umpt i on i s  us e d f or  he a t i ng s pa c e , 25%  f or  dome s t i c  hot  wa t e r  a nd 11%  f or  e l e c t r i c i t y. M or e -
ove r , i t  of f e r s  a  l a r ge  pot e nt i a l  f or  e ne r gy e f f i c i e nc y wi t h l ow i nve s t me nt  c os t s . Ac c or di ng t o 
t he  Uni t e d Na t i ons  Envi r onme nt  Pr ogr a m ( UNEP) , ove r  a  f i f t h of  e ne r gy c ons umpt i on a nd 
mor e  t ha n 45 mi l l i on t ons  of  CO 2  c oul d be  a voi de d i n Eur ope  by 2010 a ppl yi ng mor e  a mbi t i ous  
s t a nda r ds  t o ne w bui l di ngs . T hi s  c oul d r e pr e s e nt  a  c ons i de r a bl e  c ont r i but i on t o me e t i ng t he  
K yot o t a r ge t s . 
Se ve r a l  s t a nda r ds  a l r e a dy e xi s t  i n Eur ope  l i ke  t he  Pa s s i ve  hous e  s t a nda r d, M i ne r gi e , Ca s a C-
l i ma  a nd muc h mor e  ( M a s e r a , 2004) . Be c a us e  a l l  t he s e  s t a nda r ds  a r e  c l i ma t e  de pe nde nt , t he  de -
s i gn gr oup of  t hi s  s e t t l e me nt  i n Nor t he r n of  It a l y de c i de d t o f ol l ow t he  Ca s a Cl i ma  s t a nda r ds  
t ha t  i s  a  pr omi s i ng s ol ut i on i n wi nt e r  domi na t e d c l i ma t e  ( Impe r a dor i  e t . a l , 2004) . 
1.2 Aims and methodology of the work 
T he  ne w s e t t l e me nt  i n Se l vi no wa s  bor n a f t e r  t he  a ppr ova l  of  t he  ne w l oc a l  e ne r gy c ode  ( Rego-
lamento per l’Efficienza Energetica degli Edifici )  i n 2006. Se l vi no i s  a  s ma l l  vi l l a ge  i n t he  
nor t h of  It a l y ( i t  i s  l i e s  a t  mor e  t ha n 900 m a bove  t he  s e a  l e ve l )  whe r e  a bout  t he  70%  of  t he  
hous e  a r e  f or  va c a t i on. T he  wi nt e r  pe r i od i s  pr e domi na nt  t oge t he r  wi t h t he  he a t i ng s e a s on. T he  
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ABST RACT : In 2007, t he  “ pa s s i ve  hous e ”  c onc e pt s  we r e  a ppl i e d a t  t he  c ons t r uc t i on of  16 
hous e s  i n Se l vi no Be r ga mo, It a l y. T hi s  s ma l l  mount a i n vi l l a ge  wa s  de s i gne d wi t h t he  a i m of  
mi ni mi zi ng t he  e ne r gy c ons umpt i on. Us i ng a  hol i s t i c  de s i gn pr oc e s s  c ha r a c t e r i ze d by t he  i nt e -
gr a t i on of  a r c hi t e c t ur a l  a nd t e c hnol ogi c a l  c hoi c e s , t he  a mbi t i ous  t a r ge t  of  30 kW h/ m 2 a  wa s  
r e a c he d. Pa s s i v e  s t r a t e gi e s  a r e  us e d t o ke e p t he  i ndoor  c omf or t :  ve r y hi gh i ns ul a t i ng l e ve l s  ( a  
c ombi na t i on of  t r a di t i ona l  a nd t hi n mul t i f oi l  i ns ul a t i on l a ye r s ) ;  hi gh wi nt e r  s ol a r  ga i ns ;  s ma l l  
wi ndow a r e a  i n t he  nor t h f a ç a de  wi t h hi gh pe r f or ma nc e ;  l a r ge  ope ni ngs  a nd c ons e r va t or y s pa c e  
i n t he  s out h f a ç a de . M e c ha ni c a l  s ys t e ms  a nd PV  pa ne l s  we r e  de s i gne d t o e xpl oi t  a s  muc h a s  
pos s i bl e  t he  r e ne wa bl e  e ne r gy s our c e s , t hus  l i mi t i ng CO 2  e mi s s i ons . In pa r t i c ul a r , t he  me c ha ni -
c a l  s ys t e m i s  c ompos e d a s  f ol l owi ng:  s ol a r  phot ovol t a i c  pa ne l s  i ns t a l l e d on t he  s out h-f a c i ng 
r oof ;  e l e c t r i c a l  r a di a nt  f l oor  he a t i ng s ys t e m;  hi gh e f f i c i e nc y e l e c t r i c  boi l e r ;  me c ha ni c a l  ve nt i l a -
t i on wi t h he a t  r e c ove r y. T hi s  pa pe r  s hows  a  pr a c t i c a l  e xa mpl e  of  a  hol i s t i c  de s i gn pr oc e s s  i nt e -
gr a t i ng a r c hi t e c t ur a l , t e c hnol ogi c a l  a nd e ne r ge t i c  i s s ue s ;  t he  r e s ul t  i s  a  l ow-e ne r gy bui l di ng 
wi t h a  c ont e mpor a r y a r c hi t e c t ur e  t ha t  s ui t e  pe r f e c t l y t o t he  s pe c i f i c  c ont e xt .  
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a i m of  t he  ne w c ons t r uc t i on r e gul a t i on t he  a dmi ni s t r a t i on of  t he  c i t y, de ve l ope d by a  gr oup of  
t he  Pol i t e c ni c o di  M i l a no ( Re gi ona l  Ca mpus  of  Le c c o) , wa s  t o gi ve  gui de l i ne s  t o s uppor t  t he  
a r c hi t e c t s  dur i ng t he  de s i gn s t a ge  of  t he  pr oj e c t  t o a c hi e ve  a mbi t i ous  l ow e ne r gy t a r ge t s . T he  
muni c i pa l i t y de c i de d t o j oi n t he  Ca s a Cl i ma  s t a nda r d a nd t o pr omot e  t he  l a r ge  us e  of  r e ne wa bl e  
e ne r gy s our c e s , pa s s i ve  s t r a t e gi e s  a nd e c ol ogi c a l  t r a di t i ona l  ma t e r i a l  ( l i ke  s t one  a nd wood) . T he  
de s i gn gr oup a ns we r e d t o t he s e  goa l s  a nd i n pa r t i c ul a r :  
- Sa t i s f yi ng t he  ne e d of  s oc i a l  hous i ng, 
- Pr ovi di ng a  good e xa mpl e  of  l ow-e ne r gy a r c hi t e c t ur e , 
- T e s t i ng i nnova t i ve  c ons t r uc t i on a nd s ys t e ms  s e r vi c e s  t e c hnol ogi e s . 
Pr ope r l y de s i gni ng t he  bui l t  e nvi r onme nt  ha s  be c ome  a  c ompl e x ma t t e r . Comf or t  e xpe c t a -
t i ons  a nd e ne r gy e f f i c i e nc y i mpe r a t i ve s  r e qui r e  t he  c ont r ol  of  e nvi r onme nt a l  c ondi t i ons  by a d-
j us t i ng r oom t e mpe r a t ur e s , l umi na nc e  l e ve l s  a nd ve nt i l a t i on r a t e s . T hi s  r e qui r e s  a  ve r y s t r i c t  i n-
t e gr a t i on of  bui l di ng e nve l ope  a nd t e c hni c a l  s e r vi c e s , i n or de r  t o r e duc e  t he  us e  of  non-
r e ne wa bl e  e ne r gy. Eve r y bui l di ng s houl d be  s ui t e d t o c l i ma t e , f unc t i on a nd l oc a l  t e c hni c a l  
s t a nda r ds  ( Is a ks s on e t  a l . 2006) . In or de r  t o a ns we r  t o t hi s  c ha l l e ngi ng s i t ua t i on, i t  wa s  i mpor -
t a nt  t o br i ng t oge t he r  t he  a r c hi t e c t , t he  me c ha ni c a l  e ngi ne e r , t he  muni c i pa l i t y a nd t he  e ne r gy 
c ons ul t a nt  a t  t he  ve r y s hor t  of  t he  pr oj e c t . T he  hol i s t i c  a ppr oa c h, a dopt e d by t he  gr oup, pe r mi t s  
t o de f i ne  i mme di a t e l y di f f e r e nt  e ne r gy a nd a r c hi t e c t ur a l  c onc e pt s  a nd t o s a ve  t i me  a f t e r wa r ds  t o 
a dj us t  t he  de s i gn ( Fi g.1) . 
 
 
 
Figur e  1 .  E n e r gy c o nc e p t o f the  se ttle me nt.  
2 URBAN PLANNING AND ARCHIT ECT URAL PROJ ECT  
T he  e c ol ogi c a l  s e t t l e me nt  i n Se l vi no ( Fi g.2)  i s  a n a mbi t i ous  i ni t i a t i ve  a i mi ng f or  a  s us t a i na bl e  
de ve l opme nt  of  t he  vi l l a ge . T he  c l i ma t e  i s  c ha r a c t e r i ze d by c ol d wi nt e r s  a nd t e mpe r a t e  s um-
me r s . T hi s  i s  r e pr e s e nt e d by 200 he a t i ng da ys  a nd 3433 he a t i ng de gr e e  da ys  ( t he  de s i gn t e m-
pe r a t ur e  i s  e qua l  t o -9 °C) . 
 
 
 
Figur e  2 .  P l a n vie w o f the  E c o lo gic a l Se lvino  d istr ic t.  
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Fr om t he  s us t a i na bl e  poi nt  of  vi e w t he  pr oj e c t  a i me d f or  a  hi gh l e ve l  of  c omf or t , a l l owi ng a t  
t he  s a me  t i me  a  s i gni f i c a nt  r e duc t i on of  e ne r gy c ons umpt i on a nd CO 2  e mi s s i ons .  
T he  pr oj e c t  c ons i s t s  of  16 r e s i de nt i a l  uni t s  of  di f f e r e nt  s i ze s  ( f r om 50 t o 115 m² )  ( Fi g.3) , l o-
c a t e d s i de wa ys  t o t he  di s t r i c t  s t r e e t . 
 
 
Figur e  3 .  P l a n a nd  se c tio n vie w o f two  mo d ule s.  
 
T he  a i m of  t he  a r c hi t e c t ur a l  de s i gn wa s  t o e s t a bl i s h mor phol ogi c a l l y i nnova t i ve  bui l di ngs  
wi t h t he  c a pa c i t y t o ma i nt a i n c omf or t a bl e  i nt e r na l  c ondi t i ons  i n e ve r y s e a s on, t hr ough di r e c t  
c ont r ol  of  s ome  pa r a me t e r s  i nc l udi ng:  bui l di ng or i e nt a t i on, us e  of  s ol a r  r a di a t i on i n wi nt e r  a nd 
s ol a r  pr ot e c t i on i n s umme r , r e duc t i on of  he a t  l os s e s  t hr ough good i ns ul a t i on a nd us i ng a  hi gh 
e f f i c i e nc y he a t  r e c ove r y.  
Fi r s t  of  a l l  t he  de s i gn gr oup f oc us e d t he  a t t e nt i on t o t he  ur ba n pl a nni ng s t udyi ng t he  r e l a t i on-
s hi p be t we e n t he  s e t t l e me nt  a nd t he  e nvi r onme nt . T he  gr oup woul d l i ke  t o ga i ns , a s  muc h a s  
pos s i bl e , f r om t he  e nvi r onme nt  a nd on t he  ot he r  ha nd e s t a bl i s he d a  good r e l a t i ons hi p wi t h i t . 
As  c ons e que nc e  t he  s ha dow de s i gn wa s  pl a nne d de pe nde nt  f r om t he  s un pa t h f or  ma xi mi s e  t he  
s un pe ne t r a t i on ( mi ni mi s i ng t he  r e c i pr oc a l  s ha dows  be t we e n t he  hous e s )  i n wi nt e r  a nd t he  l i ght  
i n s umme r . 
 
 
 
Figur e  4 .  3 D  mo d e l fo r  sun-sha d ing stud y d ur ing the  mo nth o f J a nua r y.  I t is p o ssib le  to  se e  ho w d ur ing the  
winte r  p e r io d  the  a r c hite c t tr y to  ge t the  ma ximum so la r  ga ins thr o ugh the  wind o ws a nd  the  gr e e n ho use .  
 
T ha nks  t o t he  c l os e  c oope r a t i on be t we e n de s i gne r s  ( a r c hi t e c t ur a l  a nd me c ha ni c a l ) , t he  owne r  
a nd t he  bui l di ng c ons t r uc t or , t he  pr oj e c t  i s  s c he dul e d, i n a c c or di ng wi t h Ca s a Cl i ma  l a be l i ng, a s  
“ Cl a s s  A”  wi t h a n e ne r gy de ma nd ( f or  t he  wi nt e r  s e a s ons )  l owe r  t ha n 30 kW h/ m² a . M or e ove r , 
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t he  bui l di ngs  wi l l  a l s o ha ve  t he  “ ECO”  l a be l  due  t o t he  ma t e r i a l  qua l i t y, t he  us e  of  r e ne wa bl e  
e ne r gy s our c e s  a nd t he  e nvi r onme nt a l  i mpa c t  ( Za mbe l l i  e t  a l . 2002) .  
Fr om t he  a r c hi t e c t ur a l  poi nt  of  vi e w, t he  bui l di ngs  a r e  c ha r a c t e r i ze d by a  l a r ge  wi ndows  f a c -
i ng s out h, wi t h a  gr e e nhous e  t o ma xi mi ze  t he  s ol a r  ga i ns  i n wi nt e r  a nd t o r e duc e  t he  he a t i ng 
e ne r gy de ma nd of  a bout  5 kW h/ m² a  ( a n hor i zont a l  s ha di ng de vi c e  r e duc e s  t he  s umme r  s ol a r  
ga i ns  a nd t he  pos s i bi l i t y t o t i l t  t he  wi ndows  r e duc e s  t he  r i s k of  ove r he a t i ng)  ( Pe r s s on e t  
a l .2006)  ( Sa l va l a i , 2008) . T he  gr e e nhous e  ( Fi g.5)  ha s  a n i mpor t a nt  f unc t i on i n t e r ms  of  s pa t i a l  
di s t r i but i on a l l owi ng t he  e xt e ns i on of  l i vi ng r oom t o t he  s out h f a c i ng ga r de n.  T he  nor t h a nd 
e a s t  f a ç a de s  a r e  opa que  i n or de r  t o mi ni mi ze  t he  t r a ns mi s s i on l os s e s  a nd i mpr ove  pr i va c y. T he  
i nt e r na l  s pa t i a l  di s t r i but i on i s  done  opt i mi zi ng t he  s pa c e ;  t he  r e s ul t  i s  s i mpl e  but  r e a l l y c omf or t -
a bl e :  e a c h modul e  ha s  a  l i vi ng r oom-ki t c he n ( 20 m² )  e xpa nda bl e  t hr ough ope ni ngs  wi ndows  t o 
t he  gr e e nhous e  ( 4.5 m² ) , a  be dr oom ( 14 m² )  a nd a  t oi l e t  ( 4 m² ) . La undr y a nd s t or a ge  f a c i l i t i e s  
t a ke  pl a c e  i nt o t he  ba s e me nt , c onne c t e d by e xt e r na l  s t a i r s . 
Sl opi ng r oof  ( Fi g.5)  i s  de s i gne d c ons i de r i ng t he  s un pa t h, i n or de r  t o ma xi mi ze  t he  s ol a r  
ga i ns . It  i s  t r e a t e d wi t h e xt e ns i ve  gr e e n l a ye r  on t he  nor t h s ur f a c e  i n or de r  t o i nc r e a s e  t he  t he r -
ma l  i ns ul a t i on a nd pr ot e c t s  t he  s t r uc t ur e  f r om t he  ul t r a vi ol e t  r a di a t i ons  whi l e  on t he  s out h s ur -
f a c e  di f f e r e nt  s ol a r  t he r ma l  c ol l e c t or s  a nd phot ovol t a i c  pa ne l s  a r e  i nt e gr a t e d.  
 
 
Figur e  5 .  T w o  p ic tur e s d ur ing the  c o nstr uc tio n p ha se : fr o m le ft to  r ight,  the  no r th a nd  the  so uth fa ç a d e  
with the  c o nse r va to r y sp a c e .  
 
2.1 Building envelope 
Ac c or di ng t o t he  de s i gn s t r a t e gi e s , t o r e duc e  a s  muc h a s  pos s i bl e  t he  he a t  l os s  ( due  t o t he  
e nve l ope  t r a ns mi s s i on a nd t o t he  i nf i l t r a t i on) , t he  bui l di ng i s  de s i gne d wi t h hi gh i ns ul a t i on l a y-
e r s  a nd a c c ur a t e  c ons t r uc t i on ( Za mbe l l i  e t  a l . 1998) .  
Specifically, the houses are assembled using prefabricated panels, with solid wood substruc-
ture, floorboards, polystyrene (EPS) for thermal insulation and static functions and externally 
closed with a concrete layer. The concrete layer works together with the wood structure thanks to 
several small holes placed in the upper  part of the beams. Within this new system it is possible to 
save time during the installation phase and no more extra systems for the rigidity of the structure 
are needed (with consequently less use of building material). The combination of polystyrene (re-
sistive layer) and concrete (capacitive layer) guarantees high thermal insulation, minimizes the 
thermal bridges and last but not the least permits high quality of the industrialized production. 
De pe ndi ng on t he  wa l l  e xpos i t i on a nd on t he  f l oor  a r e a  t he  bui l di ng e nve l ope s  a r e  de s i gne d 
wi t h a t  mi ni mum 200 mm EPS i ns ul a t i on or  a ddi ng a n a ddi t i ona l  t hi n r e f l e c t i ve  i ns ul a t i on 
l a ye r . T he  s ol ut i on r e a c he s  a  U-va l ue  of  a bout  0.1 W / m² K  ( Fi g.6) .  
 
T he  ve r t i c a l  e xt e r na l  wa l l  i s  c ompos e d a s  f ol l ow:   
- Double layer of plasterboard 12.5 mm 
- Reflective multilayer insulation 21 mm 
- 10 x 20 cm timber j oists with maximal distance of about  250 cm 
- OSB 15 mm 
- Polystyrene insulation density 60 Kg/mc 200 mm thick 
- OSB 15 mm 
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- Concrete Rck 400 50 mm  
T he  s a me  t i mbe r / c onc r e t e  s t r uc t ur e  i s  us e d f or  t he  r oof  s t r uc t ur e  ( Fi g.6) . 
T he  f ol l owi ng l a ye r s  a r e  c ombi ne d:   
- Double layer of plasterboard 12.5 mm 
- Fl oor boa r d wood 20 mm 
- 12x32 cm timber j oists with maximal distance of about  60 cm 
- Polystyrene insulation density 60 Kg/mc, 200 mm 
- Concrete Rck 400 50 mm  
- Waterproofing layer, soil and sedum 12 cm.  
- Se dum r oof  
 
A gr e e n r oof  pr ovi de s  va l ua bl e  uns e a l e d s ur f a c e  i n t he  gr e e n c ont e xt , mi t i ga t e s  t he  s umme r  
c l i ma t e  i n t he  ma i n f l oor  a nd i t  a l s o gua r a nt e e  a  good mi c r oc l i ma t e  e nvi r onme nt . 
T he  wi ndows  a r e  doubl e  gl a ze d uni t s  wi t h pl a s t i c  f r a me  ( U-va l ue  of  1.4 W / m² K ) . T he  f a c a de  
c l a ddi ngs  a r e  t r e a t e d di f f e r e nt l y de pe ndi ng on t he i r  or i e nt a t i on:  c oa t  a nd pl a s t e r  i n t he  s out h 
a nd nor t h s i de s  a nd pi ne  wi t h ve nt i l a t e d ga p i n t he  e a s t  a nd we s t .  
 
 
 
Figur e  6 .  Co nstr uc tio n d e ta ils.  1 - Flo o r b o a r d s p ine ,  2 - Co nc r e te ,  3 - P o lystyr e ne ,  4 - Re fle c tive  multila ye r  
insula tio n,  5 - D o ub le  p la ste r b o a r d ,  6 - Ce r a mic  flo o r  c o ve r ing,  7 - Light c o nc r e te ,  8 - Co nc r e te ,  9 - Air  ga p ,  
1 0 - W o o d  flo o r  str uc tur e ,  1 1 - M e mb r a ne  p r o te c tio n a nd  r o o t b a r r ie r ,  1 2  –  Se d um r o o f.  
 
 
 
 
Figur e  7 .  P r e fa b r ic a te  e xte r na l wa ll p a ne ls.  
 
T he  a dopt e d bui l di ng  e nve l ope  a l l ows  a c hi e vi ng t he  goa l s  i n t e r ms  of  e ne r gy e f f i c i e nc y, de -
f i ne d i n t he  pr e l i mi na r y pha s e  of  t he  pr oj e c t  ( Obj e c t i ve  1 of  Fi g. 1) . In f a c t , t he  t r a ns mi s s i on 
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l os s e s  a r e  s i gni f i c a nt l y r e duc e d a nd t he  s ol a r  ga i ns  ma xi mi ze d. At  t hi s  poi nt , s i nc e  t he  r e duc -
t i on of  t he  he a t i ng l oa d ( Fi g. 8)  t he  s i ze  of  t he  pl a nt  s ys t e m c a n be  r e duc e d t hus  t a ke  a dva nc e  of  
t he  r e ne wa bl e  e ne r gy r e s our c e s  ( i .e  s ol a r  e ne r gy) . 
 
 
Figur e  8 .  E n e r gy ne e d s o f a  single  ho use .  T he  he a ting e ne r gy d e ma nd  r e la te d  to  the  flo o r  a r e a  is 2 2 . 9  
kW h/m² a .  
2.2 Plant systems 
 
Cons i de r i ng t he  a mbi t i ous  t a r ge t  of  t he  hous e s , c ha r a c t e r i ze d by l ong unus e d pe r i od ( t he  s e t -
t l e me nt  i s  pl a nne d t o be  us e  f or  va c a t i on a nd hol i da ys ) , t he  me c ha ni c a l  s ys t e m i s  de s i gne d t o 
t a ke  a dva nc e  f r om t he  s ol a r  e ne r gy, t hus  l i mi t i ng CO 2  e mi s s i ons  ( Fi g. 9) . T he  PV  pa ne l s  c on-
ve r t  di r e c t l y  t he  s ol a r  e ne r gy i n e l e c t r i c i t y t o me e t  t he  e ne r gy ne e ds  ( he a t i ng a nd e l e c t r i c a l  us e )  
of  t he  bui l di ng.  
W i t h t hi s  s t r a t e gy i t  i s  pos s i bl e  t o us e  di r e c t l y t he  e l e c t r i c a l  e ne r gy whe n t he  us e r  a r e  a t  home  
or  s e l l  i t  t o t he  gr i d ( 40 Eur o c e nt s  pe r  kW h)  whe n i t  i s  not  ne e de d or  i s  ove r -pr oduc e d ( s umme r  
t i me  ma i nl y) . In de t a i l  t he  s ys t e m i s  de s i gne d a s  f ol l owi ng:  s ol a r  phot ovol t a i c  pa ne l s  i ns t a l l e d 
on t he  s out h-f a c i ng r oof  wi t h a n e ne r gy pe a k pr oduc t i on of  2.5 kW , e l e c t r i c a l  r a di a nt  he a t i ng 
s ys t e m pl a c e d i n t he  f l oor , hi gh e f f i c i e nc y e l e c t r i c  boi l e r  pr oduc i ng dome s t i c  hot  wa t e r , me -
c ha ni c a l  ve nt i l a t i on wi t h he a t  r e c ove r y ( 90%  e f f i c i e nc y)  t o r e duc e  ve nt i l a t i on l os s e s  a nd i m-
pr ove  t he  a i r  qua l i t y. 
 
 
 
Figur e  9 .  E n e r gy c o nc e p t.  Re d uc ing o f the  lo sse s,  ma ximiz a tio n o f the  ga ins a nd  use  o f the  r e ne wa b le  
e ne r gy ( sun) .  
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3 CONCLUSIONS 
T hi s  pa pe r  s howe d a  pr a c t i c a l  e xa mpl e  of  a  hol i s t i c  de s i gn pr oc e s s  i nt e gr a t i ng a r c hi t e c t ur a l , 
t e c hnol ogi c a l  a nd e ne r ge t i c  i s s ue s ;  t he  r e s ul t  i s  a  l ow-e ne r gy bui l di ng ( he a t i ng e ne r gy de ma nd 
be l ow 30 kW h/ m² a )  wi t h a  c ont e mpor a r y a r c hi t e c t ur e  t ha t  i s  s ui t e d t o t he  s pe c i f i c  c ont e xt . T he  
s e t t l e me nt  i s  now i n t he  f i na l  c ons t r uc t i on pha s e . Up t o now t he  a ut hor s  ha ve  not  moni t or i ng 
da t a  t o a s s e s s  t he  r e a l  be ha vi or  of  t he  hous e s , but  t he  f i r s t  i ns pe c t i on r e ve a l s  t he  good qua l i t y 
a c hi e ve d by t he  de s i gn gr oup. 
T o pur s ue  t he  Ca s a Cl i ma  Cl a s s A s t a nda r d t he  t e a m a dopt e d di f f e r e nt  a c t i ve  a nd pa s s i ve  s ol a r  
s t r a t e gi e s  s i nc e  t he  e a r l y de s i gn s t a ge , t oge t he r  wi t h a  l a r ge  us e  of  r e ne wa bl e  e ne r gy s our c e s  
a nd e c ol ogi c a l  t r a di t i ona l  ma t e r i a l s . 
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1 INT RODUCT IO N  
T he  ne ga ti ve  i mpa c t  on our pl a net  c a us ed by s o me  hu ma n a c t i vi t i es  i s  of  gr e at  c onc e r n a nd di s -
c us si on nowada ys . Exc es s ive  e ne r gy c ons umpt i on, par ti c ul a rl y e ne r gy pr oduc e d f r om f os si l  f u-
e l s , ca n c a us e  s er i ous  e nvi ronme nt a l  pr obl e ms , by r e l ea s i ng ga s e s  i nt o t he  at mos phe r e , and l ea d 
t o the  exti nct i on of  s uc h na t ura l r es ourc e s . It  i s  the ref or e e ss e nt i al  t o mi ni mi ze  t he  i mpa c t  of  
s uc h ki nd of poll ut a nt  ene rgi e s , by r e duc ing t he  ne e ds  of e ner gy c ons umpt i on, a nd ma ke  pr o-
gr e s s e s  c onc er ning t he  pr oduc ti on of  cl ea n e ner gi e s . A mong t he s e  e ne r gy c ons umpt i on a c ti vi -
t i es  t he r e  i s  t he  c onst r uc ti on a nd use  of  buil di ngs . T he  wa y bui l di ngs  a r e  de si gne d c a n c ontr ib-
ut e  de ci si ve l y t o t he  r educt i on of  e ner gy c ons u mpt i on a nd he l p s ol vi ng s ome  e nvi r onme nt al  
pr oble ms  t ha t now e xi st . 
Dur i ng t he  t we nt ie t h ce ntur y a  nu mbe r  of  i nnova ti ons  i n ma t e r ia l s  a nd c onst ruc ti on t ec h-
ni ques  ha ve  l e d t o the  a bandon of  t he  t r adit i ona l  bui ldi ng me t hods , whi ch nor ma ll y ha d a  gr e a t  
c a r e  i n a da pti ng t o t he  l oc al  c ondi ti ons , i ncl uding t he  c l i ma t e , pr ovi di ng t his  wa y, t he r ma l  c om-
f ort  i ns ide  the  buil di ngs  as  na t ur a ll y a s  pos si ble . T hese  i nnova ti ons , howe ve r , wer e  not  a da pte d 
t o t he  ne e ds  of  a  par ti c ul a r pl a c e  and l ed t o proble ms  of  t her ma l  di s c omf ort . T he  us e  of  ac ti ve  
s ol ut i ons , suc h as  ai r -c ondit i oni ng s ys t e ms  ha s  inc re a se d, a s  well  a s  t he  e ner gy c ons umpt i on. 
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ABST RACT:  Ma l a guei r a  i s  a  ur ban quar te r  l oc at e d i n Évor a , t he  ca pit al  of  the  Al e ntej o 
r e gi on, des i gne d by a r c hi tec t  Ál va r o Si za . M al a gue i ra  i s  a  la r ge , l ow-r i s e , hi gh dens it y c ompl e x  
of  a bout  1200 dwel li ngs  bui lt  on a  27 hec ta r e  sit e . T he  dwe ll i ngs  a t  M al a gue ir a  a re  pa ti o or  
a t ri um t ype s  wit h a n “ e ll ” -s ha pe d gr oup of  r ooms  on t wo s i de s  of  a  s ma ll  int eri or pat i o. T he 
mos t  of  t he m a r e  buil t  on an 8m x 12 m pl ot  wit h the  cour t ya r d i n f r ont . It  ha s  l i ving, di ni ng a nd 
ki t c he n s pa ce s  at  t he  c ourt ya r d le ve l  wit h a n i nt e ri or  s ta ir  le a di ng t o bedr ooms  a nd t er r ac es 
a bove . In t hi s  wor k i t was  e va l uat e d t he  ene r gy e f fi c ie nc y of M al a gue ir a  dwe l li ngs , by t he 
me a ns  of  t he  RCCT E – Buil di ng Code  on T he r ma l  Pe rf or ma nc e  Char a ct er i st ic s  (De c r ee  La w n.º 
80/ 2006) . It  wa s  s t udi e d t he  f e as i bi li t y of  s ome  r e furbi s hme nt  me a s ur es  a nd qua nti fi e d it s  i m-
pa c t  on t he  e ne r gy l a be ll ing. Ai mi ng t he  a c hi e ve me nt  of  a  good e ne r gy l a be l , t hi s  wor k c om-
pr i se s  a  c ha r ac te ri za t i on of t he  a ct ual  s it uat i on. Thi s  cha r ac t er i zat i on cove r e d is sue s  s uc h a s  i n-
s ul at ion le ve l , gl a zi ng a nd s ha ding de vi c e s . Eac h of  t he se  me a s ur es  wa s  fi rs t  qua nti fi e d i n a 
one -b y-one  s c e na ri o a nd l at e r  i n a  fi nal  a nal ys i s  i nte gr a ti ng s i mul t a ne ousl y a l l  of  t hos e  me a s -
ur e s . To pe rf or m t he s e  as se s s me nt s , mos t  us ua l  ki nd of  M al a gue ir a  dwe ll i ngs  we r e  st udi e d us -
i ng t he RCCT E c al c ul at ion s pr e a ds he et s in or der  t o e xpr e ss  t he e ner gy i ndi ca t ors : Ni c/ Ni , 
Nvc / Nv,  Nt c / Nt  wi tc h va l ue s  r e pr e se nt  t he  fr a ct i on e ne r gy ne e ds  f or  Wi nte r -t ime , Su mme r -
Ti me , a nd Pri ma r y e ne r gy,  c ompa r e d wit h t he ma xi mum a d mi s s i bl e  f or e a ch, re spe c ti ve l y. T he 
r e s ul ts  ac hie ve d indic a te  t ha t  t hi s  t ype  of  bui ldi ngs  c an, ge ne r al l y, obe y t o a ll  of t he  r e gul at ion 
de ma nds  a nd al s o a c hi e ve  a hi gh e ne r gy l a bel  (‘ A’ ). 
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Bui lt  i n t he l at e 1970’ s , t he  Ma l a guei r a Quar t er  a dopt e d a  s e ri e s of  me a s ure s  t ha t  i ndi c at e a 
c onc er n i n t e r ms  of s it e  a nd c li ma t e  a da pta ti on. The se  we r e i mpor ta nt  a s pe c ts  tha t  i nfl uenc e d 
t he  e ner ge t ic  ef fi ci e nc y of  t his  t ype  of bui l di ngs . Despi te  t he r e duc e d budge t a va i la ble  f or t he 
c ons tr uct ion of  t hi s  quar te r a nd l a c k of  l a bour  f orc e  a t t he  t i me , t he  c hoi c es  ma de , ha ve  pr ove n 
t o be  wort h of at t enti on f or f ut ur e buil di ng c onst ruc ti ons . T hi s  opti ons , l i ke  t he  use  of a c ompa c t 
ur ba n mor phol ogy a nd t he pa ti o hous e t ype s  t hat  were  a dopt e d, ha d it s  r oot s  i n a  c ar e ful  l ook 
a nd under s ta ndi ng of  t he  ol d wa l le d c it y of  Évor a , Por t ugue s e  UNESCO W orl d He r it a ge  Ci t y, 
a nd t he  ve r nac ula r  a rc hit ect ur e  of  t he  re gi on of  Al e ntej o, a s  wel l  a s  ot her  r e gi ons  wi t h c li ma t e  
s i mi l a ri ti es .   
2 M ALAGUE IRA Q UART ER:  T HE SIT E, T HE CLIM AT E AND T HE ARCHIT ECT URE 
2.1 Évora: Urban context 
Si t ua t ed i n t he  wes t  s i de  of Évor a , t he  M al a gue ir a  Qua r te r  was  built  i n t he  ol d Ma l a gue ir a  f a r m 
l a nds, whi ch ha d be e n r ec ent l y e xpr opri at e d s oon a ft e r t he  Por tugue s e  re vol uti on, i n 1974 ( Mol -
t e ni , 1997) , t hat  e nde d with Sa la za r ’s  di c ta t or s hi p. Re pl ac i ng a  f or me r  pl a n, whi c h ha d be e n 
dr a wn i n l i ne  wi t h the  Athe ns  Cha rt  ( Duar te , 2001) a nd wa s  onl y pa r ti al l y i mpl e me nt e d, the 
ne w M a l a guei r a  Quar t er  wfa s  a s si gne d t o a r c hi te ct  Ál va r o Si za  i n 1977. Fir s t  of  a ll , i t  wa s  bui lt  
t o s ol ve  t he  pr obl e ms  of  i nsuf fi c ie nt  l e ga l  qua rt er s  out si de  t he  ol d wa ll e d c it y ( Si mpl íc i o, 1997), 
a nywa y, t he  M a l a gue i ra  Qua r te r  wa s  t hought  t o pr ovi de  a c c ommoda t i on for  l ower c l a s s  popul a -
t i on a nd r e sume d s ome  of  the  pri nci pl e s  of  t he  a lr e a dy e xti nct  SAAL pr oj ec t  ( Servi ç o de  Apoi o 
A mbul a t ór io Loca l) , t hat  i n t he pos t -r e vol ut ion pe ri od wa s  me a nt  t o i mpr ove  housi ng c ondi ti ons 
i n Port uga l . T he  f ut ur e  re si de nt s  wer e  or ga ni ze d i nt o gr oups , t he  s o-c a l le d “ Coope r at i va s  de 
Ha bi ta ç ã o”  s o t he y c oul d ha ve  a n a ct i ve  par ti ci pat i on in t he  pr oj e ct  pr oc es s .  
2.2 Regional climate 
T he Por t ugue se  M a inl and t e rr it or y i s  s it uat e d in t he e xt re me  s outhwe st  of  Eur ope , al ong si de 
wi t h the  At la nti c  Oce a n. De s pit e  i t s  r e la ti ve l y s ma l l  s i ze , i t  c ompr e hends  s ome  c l i ma t ic  di ve r -
s i t y, ma i nl y, due  t o t he inf l uenc e of the  At la nti c Oce a n a nd t he Me dit er ra ne a n Se a ( Ribe ir o, 
1980) . 
Évor a  i s  l oc at e d i n t he  s outhe r n i nte ri or  pa rt  of  Port uga l , i n a  r e gi on ca ll e d Ale ntej o. T he  cl i -
ma t e  i n t his  re gi on is  cha rac t er i ze d a s  be i ng M edit e rr ane a n t e mpe r at e . T he  a ve r a ge  a nnua l  r ai n-
f a ll  i s  l ow, a nd c onc e nt ra ted s pe c ia ll y dur i ng t he  wi nte r  mont hs , whi l e  the  s umme r  pe ri od is  dr y 
a nd hot , e as il y r e ac hi ng t empe r a t ur es  of  40 º C, or mor e , i n t he  hot te st  mont hs . The  re li ef  i n t his  
r e gi on a round Évor a  c a n be c ons ide re d r el at i ve l y f la t  and unif or m t ha t  ca n va r y be t we e n t he  200 
m a nd t he  400 m of  a lti t ude a ppr oxi ma t e l y.  
2.3 Évora walled city: climatic adaptation strategies 
Bounde d by t he  def e ns i ve  wa l l  bui lt  bet we e n t he  14th a nd 15th c e nt uri es , whi ch e xt ende d t he 
l i mi t s  e st a bl i she d by the  f or me r  Roma n wa l l , t he  c it y of  Évor a  r e ve a ls  s ome  c har a ct e ri st ic s  of 
c l i ma t ic  a da pta ti on tha t a re  a i me d, ma i nl y, t o mi t i ga t e  the  ef f ec ts  of  a  l ong hot s umme r  wi t h 
hi gh s ol ar  ra dia ti on i nte nsi ty.  
In t he  ol d wal le d ci t y of  Évor a  we c a n fi nd an urba n compa c t  de si gn wi t h a  hi gh de ns it y c on-
s t r uc ti on. T hi s  i s  a n i mpor ta nt  f e at ure  t ha t  a ll ows  re duc i ng t he  a r ea s  expos ed t o sol a r r a di at ion 
a nd i nc r ea s es  t he  numbe r  of  s urf a ce s  in s hadow. By t hi s  wa y i t ’s  poss i bl e  t o r educe  t he  t e mpe r a -
t ur es  wi thi n t he  ci t y a nd promot e  t he r ma l  “ ur ba n”  c omf or t  a nd, a t  t he  sa me  t i me , r e duc e  s ol ar 
he a t  ga i ns  in buil di ngs  whic h wi ll  i mpa c t  on i nt er i or  the r ma l  c omf or t . The  wi nding f or m of  t he 
s t re e ts  will  al s o he lp cl i ma ti c  r e gul at i on, by f or mi ng s pa c e s, whic h wil l ha ve  a c our t ya r d e ff e ct , 
r e duci ng t he  a re a s  expose d t o s ola r  ra dia ti on a nd pr omot i ng t he  ve nti l ati on, a ll owing a  de c r e a se 
i n te mpe r a t ur e s . 
T he use  of  ve ge t at i on is  a ls o a n i mpor ta nt fa c tor t o cons i de r , a nd oft e n use d i n t he  c it y of 
Évor a , i n c our t ya r ds  i ns i de  ur ba n bl oc ks  or  i n publi c  spa c e s. "V e ge t at ion ar ound t he  bui l di ng i s 
i mpor t a nt  ( ...) . Bes i de s  cr ea t ing s ha de , ve ge t at i on tr ans pir e s  wa t er  and thus  pr ovo ke s  na t ur al 
c ooli ng t hr ough e va por at i on. " ( Gal l o et  a l ., 1998) . T he  e xi st e nc e  of  wa te r , tha t  we  f i nd s ome -
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t i me s  a s s oc ia t ed wi th t he  us e  of  ve ge t at i on, i s  a nothe r f a ct or  t hat  i nc r ea s es  t he  moi st ur e  c ont e nt 
of  t he  a ir  a nd t he  e ns ui ng dr op i n t e mpe r at ur e. The  us e  of  ar c a de s  is  a not her  c ha r a ct er is ti c  t ha t 
we  c a n f i nd i n Évor a  a nd all ow t he  s hadi ng of  bot h pe opl e  and bui l di ngs .  
2.4 Alentejo’s vernacular architecture 
Al t hough not  ve r y l ar ge , t he  Por tugue s e  Ma i nl a nd ha s  wi t hi n it s  bor der s  qui te  s ubs t a nt ia l  di ff er -
e nc e s  i n re ga r d t o t ra dit iona l  f or ms  of  buil ding, t ha t  ar e  a ss oci at e d, a mong ot he r t hi ngs , to t he 
e xi st e nc e  of  di f fe re nt  c li ma t i c  r e gi ons . As  i n the  ur ba n de s i gn of  Évor a , t he  t r adit iona l  a r chit e c -
t ur e we  fi nd i n Ale ntej o, i s bui lt , ma i nl y, t o r es pond and mi ni mi ze  t he  e ff e ct s  of  t he  hi gh t e m-
pe r at ure s  t hat  ar e  re gi s te r ed dur ing s umme r  i n t hi s  re gi on. 
One  of  t he  mos t  c ommonl y us e d ma t e r i al s  i s  r a mme d e a rt h ( moul de d a nd c ompr e ss e d ea rt h 
c ompr e s s e d be t wee n r e mova bl e  f or mwor ks ) . As  a  res ult  of  it s  c ons tr uct ion pr oc e s s , wa ll s  ca n 
e a s il y r ea c h t he  70 c m t hickne s s  or e ve n mor e , obt ai ni ng a  hi gh t her ma l  ine rt ia . T he c ons tr uc -
t i on of  t hic k a nd he a vy wa l l s  i s  a ppropri at e  i n hot  c l i ma t es  wi t h l ar ge  di urna l  t e mpe r at ure 
r a nge s , whi c h ha ppe ns  in Al e ntej o dur i ng t he  s umme r  pe r iod. The  he at  i s  a c cumul at e d a nd hel d 
i n t he s e  wa ll s  dur ing t he  day a nd r e le a se d dur i ng t he  night  whe n t e mpe r at ure s  ar e  lowe r .   
 T he  r oof , r e s ponsi ble  f or  a  hi gh pe r c e nt a ge  of  bui l di ng he a t  ga i ns , it  i s, i n t he  Al ent ej o’ s  ve r -
na c ula r  a rc hit e ct ur e , us ual ly bui l t wi th c er a mi c  til e  cove r a ge . In s o me  c a s e s , e spe c ia ll y i n t he 
Sout her n Al e nt ej o, a c ane  la ye r  i s use d unde r t he  t il e  cove r a ge  ( AA. V V . – Ar quite c t ur a  popul a r 
e m Por t uga l , 1988) , pr ovi di ng a  muc h c ool er  s ur fa c e  t he n t he  c e ra mi c  t il es  t ha t  a r e  e xpose d to 
t he  sun. T he  s ma l l  si ze d windows  a re  al s o us e d i n t his  r e gi on, al l owi ng a  s i gnif ic ant  re duct i on i n 
t he  he a t  ga ins  as  we ll  as  t he us e  of  li ght  c ol ors  f or  c over i ng t he  wa ll s .   
 W it h no appar e nt  s ol uti ons  t o promot e  s ola r  he a t ga i ns dur ing t he  wi nt er  per i od, the  ve r na c u-
l a r a rc hit ec t ur e  of  Al e nt ej o us e s a  he at  los s r es tr i cti on s tr a te gy f or  t he  col de r  pe riods . Ha vi ng a  
t hic k wa l l , whic h is  i mpor ta nt  t o c ool  down t he  hous e dur i ng t he  s umme r  pe ri od, c a n al s o pr o-
mot e  a  t he r ma l  comf or t  i n t he se  bui ldi ngs  dur ing t he  wi nt er . W it h a  70 c m wa l l  t hic kne s s , t his 
ma t e r i al  has  a  he a t tr a nsf er c oe ff ic ie nt  of  appr oxi ma t el y 1.24 W/ m 2 . 0 C. De s pi t e  thi s  va l ue  does  
not  re a ch t he  r ef er e nc e  indi c at e d by t he  RCCT E l aw, of  0.70 W / m 2 . 0 C, i s  cle a rl y unde r  t he 
ma xi mu m l i mi t , whi c h i s  1.80 W / m 2 . 0 C. T he  c a ne  l a ye r , use d for  summe r  he a t  ga i ns  pr ot e ct ion 
i s  al s o e ff i ci e nt  dur ing wi nte r , pr ovi di ng t he r ma l  i ns ulat i on c re a te d ma i nl y by a  s ti ll  a ir  l a ye r . 
3 M ALAGUE IRA Q UART ER:  ENERGET IC EFF IC IE NCY  
3.1 Urban planning 
Unl i ke  t he  f or me r  pl an, t hat  of fe re d s e pa r at e d r e si de nti a l  ar ea s , di vi de d i nt o hi gh-r i se  buil di ngs  
a r e as  a nd l ow-r i s e  is ola t ed r e si de nce s , t he  ne w M a lague i r a  Quar t er  pla n c ons ist s  of  a  unique  
l ow-r i s e  hi gh-de ns i t y c omp l e x. T hi s  t ype  of  c ompa c t  ur ba n mor phology r e f l e ct s  t he  old wa ll e d 
c i t y of Évor a  and pl a ys  a n i mpor t a nt  r ole  in a da pta tion t o l oc a l cl i ma t e , r e duc ing t he  ar e as  of 
e xpos ed surf a c es  t o s ola r ra di at ion and i ncr e as i ng t he s ha dowe d a r ea s . T he us e of  l a r ge  gr ee n 
a r e as  a nd wa te r  l a ke s  or f ount ai ns  i s  a nothe r  ur ba n st ra t e gy us e d f or  thi s quar t er  i n orde r  t o r e -
duc e  t he “ he a t is la nd” e ff ec t  t hat  us ual l y ta ke s  pl a c e in ur ba n a r ea s , by t a ki ng a dva nt a ge  of  t he 
c l i ma t ic  re gul a ti on c har a ct er i st ic s  of  ve ge t a ti on and wat e r . 
T he  M al a gue ir a  Quar te r  i s  or ga ni ze d fr om a  ma i n s tr uc t ura l  e l e me nt , whi c h not  onl y c a rr i es 
t he  ma i n s er vi c e s ( wat er , powe r , ga s) , but  i s a ls o t he  el e me nt  fr om whi c h a ll  ur ba n de si gn is 
c r e at e d, re s e mbl i ng t he  “ Água  de  Pra ta ”  a que duct  tha t or ga ni ze s a  pa rt  of  t he ol d wa l l ed ci t y. In 
t he  M al a gue ir a  Qua rt er , t hi s  e l e va te d c oncr et e  “ a queduc t ” is  a l so use d a s  a  ga ll e r y, pr ovi di ng 
s he lt er  f or  bot h s unny a nd ra i n condit ions . 
Al t hough it  wa s  not  a  pri ori t y f or  t he  def i nit i on of  t he ur ba n des i gn i n t he  Ma l a gue i ra  Qua r -
t e r , t he  or ie nta ti on t hrough t he s ol a r pat h, pl a ys  an impor t a nt  r ol e  i n cr ea ti ng the r ma l  c omf ort 
c ondit ions  i n a n ur ban se tt ing.  T hi s  wi ll  i nfl uenc e dire c tl y t he t he r ma l  c omf ort  ins i de bui l di ngs  
a nd i nfl ue nc e  it ’ s e ne r ge tic  ef fi c ie nc y. De pendi ng on t he  or ie nta ti on of  buil ding bl oc ks , s ol ar 
he a t  ga i ns  c a n be  fa vour e d or  r es tr i ct e d, a c cor di ng t o t he  nee ds  of  e ac h s ea s on. A bui l di ng or i -
e nt at e d t o t he  sout h wil l r ec e i ve  t he  ma xi mum hour s  of  s un hea t ga i ns . In t he  Ma l a gue ir a  Qua r -
t e r  t her e  wa s  gi ve n no pr i ori t y t o s ola r  or ie nta ti on, bei ng t he  r e l at ion wi th pr e -e xi ste nc e  qua rt e rs  
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a nd ur ban c onti nui t y pr e fe rr e d i s  t his  c a s e  and gi ve n mos t  c a r e  t o t he  s t udy of  t he  dwe l li ngs  t y-
pol ogi e s  i n or der  to bet t er  re s pond t o t he  c li ma t e  c har ac t er i sti c s  of  t his  r e gi on. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  1 .  M a la gue ir a  Q ua r te r .   
3.2 Housing typologies  
T he  dwe ll i ngs  at  M al a gueir a  Qua rt er  ar e  pat io or  at rium t ype s . T hi s  i ndi c at e s  t ha t  t he s e  buil d-
i ngs  we r e  thought  t o be tt er a da pt  t o the  hi gh te mpe r a t ur es  we  c a n f ind i n Al e ntej o’s  s umme r ,  
whi c h wa s a ls o the  ma i n c onc e r n r ef le c te d by t he  ve rnac ul ar  ar c hi t ec t ur e  of  t his  r egi on.  
M ost  of  t he dwe lli ngs  a r e bui lt  on a n 8x12 m pl ot  a long a  ma i n pr e def ine d a xis . Wi t h onl y 
one  si de of  f a ci ng t he  st ree t , e a ch hous e wi ll be  s urrounde d by a dj a c ent c ons truc ti ons i n the  
ot her  t hr e e  s i de s , unl es s  the y a r e  buil t  a t  t he  t ops  of  e a c h ur ba n bl oc k, ha vi ng i n t his  c as e  t wo 
s i des  fa ci ng e xt er ior  publi c s pa ce . T hus  it  i s  a s s ur e d a c onti nuous  r e si de nt ia l f a bri c , ada pt e d t o 
t he  hot  we a t he r  by r e duci ng t he  bui l t  surf a c es  e xpos ed t o s ola r  r adi ati on. Duri ng t he  wi nte r  thi s 
i s  a ls o a  f a vor a bl e  s it uat ion, a s  t he  s a me  bui lt  s urf a ce s  i n dir e ct  c onta ct  wi t h t he  out si de  l ower 
t e mpe r a t ur es  wil l  be  f e we r , l i mi t ing t he  hea t  l oss e s  by t his  e le me nt s .  
De s pit e  bei ng pa rt  of  a  c ont i nuous  f a br i c  e a c h housing modul e  c a n be  buil t  i nde pe nde ntl y 
f r om e a c h ot her . T hes e  modul e s a re  al s o of  a n e vol vi ng t ype ;  e a c h hous e  c a n be  bui lt  wit h onl y 
one  r oom a nd ma y r e a c h t he  t op numbe r  of  5 r ooms . T hes e  ar e  ke y f e a t ure s  f or  a  l ow c l as s  s o-
c i al  quar te r  t hat  ca n be  built  a cc or di ng t o t he  ne e ds  a nd a va i l abl e  f unds . 
T her e a re  t wo ba s ic  t ype s  of  hous ing t hr oughout  t he M a la gue i ra  Quar te r . In t he f ir st , t ype  
“ A” , t he  pa ti o is  pl ac e d along t he  s t re et , whil e  t he  s ec ond, t ype  “ B” , t he  pat io is  l oc at e d a t  t he 
ba c k of  t he pl ot . Thi s dis tinc ti on c a n ha ve  i nf l ue nce  in t he  ve nti l at ion s ys te ms  of  e ac h t ype . In 
t ype  “ B” t he r e wil l be  c r oss  ve nt il at ion, whi le  t he  t ype  “ A” i s ve nti l at e d ma i nl y by s t a c k ef f ec t 
In t i me  t he  init ia l  t ype s  “ A” a nd “ B”  e vol ve d, c r ea ti ng a  r a nge  of  s ub-t ype  c a t e gorie s .   
T he pat i o i s t he  mos t  i mpor t a nt  el e me nt  i n t he  M al a gue i ra  Quar te r  dwell i ng t ypol ogi e s . The 
pa ti o wi ll  a ll ow a  mos t  c l os e  c ont a ct  wi th t he  ext er ior s pa c es  whi le  ma i nt a ini ng the  pr i va c y of 
i t s  oc c upa nts . T his  wil l  al so be  a n i mpor ta nt  e l e me nt  a s  it  e ns ur es  a  bet te r  nat ura l  li ght ning of  
i nte ri or s pac e s a nd gua r a nte e s  a  bett e r ve nt il at i on s ys te m, a s  e a ch modul e  housi ng ha s , ma i nl y, 
onl y one  s i de  fa ci ng t he e xt e ri or e nvi ronme nt . Mor e ove r  t he pat i o ha s a n i mpor ta nt  r ole  i n pr o-
vi di ng t he s e house s  a  be tt er t her ma l  pe rf or ma nc e  and impr ovi ng t he  i nt er i or  the r ma l  c omf ort .   
T he  pa ti o is  oft e n us e d in hot  dr y c li ma t e s  (K oc h-Ni e kl s e n, 2007-2008) , whic h i s  per f ec tl y 
a da pta ble  t o the  s umme r  we a t her  c ondi ti ons  i n Al e nt ej o. As  a n i nte r na l  s pa c e , s ur rounded by 
bui lt  e le me nt s  a nd open t o the  s ky, t he  pa t i o s ys t e m a s sur e s  s ha ding f or  bot h it s  fl oor  a nd f or  t he 
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bui ldi ngs  wa ll s , r e duc ing t hi s  wa y s ol a r  hea t  ga i ns . Dur i ng t he  ni ght  t he  he at  a c c umul a te d by 
t he se s  el e me nt s i s r el e as e d t o the  s ky by r a di at i on, c ool i ng a ll  buil t  s urf a ce s . T he  int e ri or  s pa c es 
of  the  buil ding wi l l be ne fi t  t he  l ower  te mpe r a t ur e  r ea che d in the  pa ti o duri ng t he ni ght , whic h i s 
ma i nt a i ne d, a t  le a st , duri ng t he  f ir st  hour s  of  t he  da y. T he  mi c r oc li ma t e  c r e at e d by t hi s  s ys t e m 
a l lows  a n ef fi ci e nt  s ys t e m of  ve nt il at i on t o c ool  t he i nte ri or  s pa ce s  ef fe c ti ve l y dur ing t he se 
c ool er  pe ri ods .  
T he use  of  ve ge t a ti on i n the  pat i os  will  al s o be be ne fic i al  f or a c hi e vi ng bet te r  t he r ma l  c om-
f ort  c ondit i ons  i ns ide  ea c h hous e , be i ng i mpor ta nt  i n obt ai ning l a r ge s t  s ha de d are a s  a nd due  t o 
t hei r  c a pac it y of  a bs or bing s ol ar  r a di a ti on. T he us e of de c i duous ve ge t a t ion will  be  par ti c ul ar l y 
e f fe c ti ve  a s it  won’ t c re at e  a n obst ac l e f or  obt ai ni ng s ol a r ga i n be nef it s  duri ng t he wi nt er  pe ri od. 
T he us e  of  ve ge t a ti on i s  a lso f r eque nt l y s ee n i n t he  i nt er i or  of  t he ol d wa ll e d cit y ur ba n bl oc ks . 
3.3 Materials and constructive techniques  
In  r e s ponse  t o t he  r e duc e d f i nanc ia l  si tua ti on i n whi c h M a l a guei r a  Quar te r  wa s  de ve l ope d, pr e -
f a bri ca t ed ma t e r ia ls  we re  chos e n f or  t he  c onst ruc ti on of  t he  dwel li ngs , mos t l y ma de  of c oncr et e . 
T hi s  was  a  c he a pe r  sol ut ion a nd re quir e d a ls o “f ri e ndl y”  c onst ruc ti on t e chnologi e s. 
On t he  wa ll s  wer e  us ed 20, 10 a nd 7.5 c m c onc r et e  bloc ks . T hes e  wa ll s  ar e  r e si sta nt  a nd s up-
por t  dir e ct l y t he  pre f a br ic ate d c onc r et e  be a ms , pl a ce d e a c h 60 c m. 
T he r oof s  ar e  f la t  and ha ve  t wo di ff e re nt  c ove r  ma t er i al s . For  t he  ac c es s ibl e  t er r ac e s  were 
us e d s qua r e  concr e te  pr ef abr i ca te d s la bs  a nd t he  non-a c c es s ibl e  ar e  c ove re d wi th gr a ve l . T he se  
a r e  i mpor t a nt  el e me nt s  t hat  prot ec t  t he wa te r pr oof i ng s ys t e m f or m di r ec t  s un i mpa c t . M ade  of 
c or ruga t e d c e me nt  s hee ts , wi t h 6 mm t hi c k, t hi s  wate r proof  s ys t e m i s  put  ove r a n a ggr e ga t e  
c onc re te  wi th cl a y l a ye r , wi t h 16 c m t hi c k, ve r y i mpor ta nt  f or t he  t he r ma l  i nsul at i on of  t he se  
hous e s. La ye r s  wi t h 20 mm t hi c k of  s a nd a nd 6 mm c or k pl a que s  we r e  al s o us e d f or  t he  ac c e ss i -
bl e  t e rr ac e s , r es pe ct i ve l y ba s e d under  t he  c or r uga te d c e me nt  s hee t s a nd t he  c oncr e te  sl a bs ( So-
br e ir a , 1978) . T he  s a nd was  a l s o us ed a s  a  f il li ng ma t e r ia l  of  t he  wa l l  c onc re te  bloc ks  t ha t  s e pa -
r a te  t he  va r i ous  dwel li ngs , pr ovi di ng a  bett e r  s ound i ns ul at ion bet we e n t he m.   
T he 1 s t  a nd r oof fl oor sl a bs a r e  uphel d by hal f  wa ll , pr eve nt i ng pos si ble  ar e as  of  c onde ns at ion 
a nd c r ac ki ng by us i ng a n e xt er i or  c onc r et e  bloc k t hat  gua r a nte e s  the  ma t e r ia l  cont inuit y. T his 
s i tua ti on wi ll  a ls o happe n in t he  r e st  of  t he  s tr uct ure , a s  t he r e  i s  no us e  of  c ol umns  or  l i nt el s  i n 
t he  windows  and door s .  
For  t he  out s ide  doors  a nd wi ndows  woode n fr a me s  we r e  us ed. T he s e  el e me nt s  a re  r e c es s e d in 
r e la ti on t o t he  out e r  wall s  a nd a  uni que  gl as s , wi t h 5 mm t hi c k, wa s  a ppl ie d. Int e ri or  woode n 
s hutt e rs  we re  a ls o us e d, whi c h ar e  i mpor ta nt  not  onl y t o r e duce  s ol a r  ga i ns  duri ng s umme r , but 
pr ovi di ng a  bett e r  t her ma l  ins ul ati on dur i ng wi nt e r.  
3.4 Energetic efficiency of the Malagueira dwellings, by the means of the RCCTE 
Appr ove d in Apri l 2006, RCCT E – Buil di ng Code  on T her ma l  Pe rf or ma nc e  Cha r a ct er is ti c s 
( De c re e  La w n.º  80/ 2006)  re pl ac e d t he  pr e vi ous  c ode  fr om 1990 a nd i s  i nt e gr at e d i n a  s e t  of  l e g-
i s la ti ve  me a s ur e s  me a nt  to i mpr ove  e ne r gy e f f i ci e nc y of  bui l di ngs  i n Port uga l , tr a nsposi ng 
Eur opea n Dir e ct i ve  2002/ 91/ CE. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig ur e  2 .  M a la gue ir a  d we lli n g ,  3 -r o o m t yp e  “ A”  ( 1 9 7 8 ) .  G r ound  flo o r ,  fir st f lo o r  a nd  se c tio n tho r o u gh the  
p a tio  ( d r a wn fo r m p ho to c o p ies o f the  1 9 7 8  o r igina l d r a wi n g s,  fo r  the  R C CT E  me a s ur e me nts. )  
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T he  appli c ati on of  the  RCCT E a t  t he  Ma l a guei r a  Qua r te r  wil l  al l ow the  ve r i fi ca t ion of  its 
dwe l li ngs  e ner ge t i c  ef fi ci e nc y. T he  3-r oom t ype  “ A”  hous e , fi rs t  des i gne d in 1978, wa s  t he  c ho-
s e n housi ng modul e  t o be st udie d. It  wa s t he  fi rs t t ype  t o be  bui lt  a nd t he mos t  re pr e s ent at i ve  i n 
t his  quar t er . For  t he  compa r i s on of  s e ve r al  si t ua ti ons , the  mos t  r e pre s e nt at i ve  6 diff e re nt  or ie nta -
t i ons  of  t hi s  qua rt er  we r e s e le c te d, a nd a da pte d t o t he  4 c a rdi na l  poi nt s  and 2 i nte r me di at e 
poi nt s , be i ng e a ch of  t hi s  6, s ubdi vi de d i nt o t wo i ndi vi dua l  ori e nt a ti ons , a s t hi s dwe l li ngs  a re 
mi r r or  bui lt  t ype , t ota ll i ng a numbe r  of  12 di ff er e nt  si t ua t ions . 
Ac c or di ng t o t he  RCCT E cl i ma t e  di vi si on ma p, t he  c i ty of  É vor a  i s  l oc at e d i n t he  wi nt er  zone 
1 ( mos t  mi l d wi nte r  zone) a nd t he s umme r  zone  3 ( mos t  s e ve r e s umme r  zon e ) . In f a ct  t he 
M a la gue i ra  pr oj e ct  ha ve  ha d i n t he  summe r  we a t her c ondit ions  the  mos t  c onc er n, a s  t he  ve r -
na c ula r  a rc hit e ct ur e  of  the  r e gi on had i n t he  pas t . For  t he  me a ns  of  RCCT E c al c ul a ti on me t hod, 
we r e  us e d he at  t ra nsf e r c oef f ic ie nts  of  1.90 W / m 2 .º C and 1.62 W/ m 2 .º C ( Sa nt os , 2006) , r es pe c -
t i ve l y f or  t he  out s ide  a nd ins i de  wal ls , a nd wa s  not  c ons i der e d t he  sa nd fi ll ing of  t he  bloc ks  be -
t we e n dwel li ngs . Wi t h a  the r ma l  c onduc ti vi t y of  0.27 m 2 .º C/ W  ( Inc or pr er a , et. al. 1992) , t he 
s a nd wil l  ha ve , wi t h 5 c m t hic kne s s , a  t he r ma l  re si s tanc e  of  a pproxi ma t el y 0.18 m 2 .º C/ W , i .e ., 
ve r y c l os e  to t he  ai r  spa ce  ga p t he r ma l  r es is t anc e  va l ues  i n t he  bl oc ks  ( RCCT E, 2006) . 
For  t he  r oof  we r e  c al c ul at ed, f or  bot h a cc e ss i bl e  a nd non-a c c e s s i bl e  ar e as , t he  r espe c ti ve  he a t 
t r a ns fe r  c oe ff i ci e nt . For  t he a c c e ss i bl e  te rr a ce  i t  was  us e d a  va l ue  of  1.03 W /  m 2 .º C a nd t he  r e -
ma i ni ng 0.90 W / m 2 .º C. T he  us e  of  t he  c or k i n t he  ac ce s s ibl e  t er ra c e s, doe s  not  cons ti t ut es  a  si g-
ni fi c a nt  i mpr ov e me nt  i n t er ms  of  t he r ma l  pe r for ma nc e , de s pit e  the  l ow va l ue s  of  t her ma l  c on-
duc ti vi t y f or t hi s  t ype  of  ma t e r i al , 0.065 W/ m.º C. In t hi s  ca s e  t he us e of  t hi s  ma t e r i al  s er ve s 
pr i ma r il y a s  a  s uppor t  for  the  pl ac e me nt  of  the  c onc r et e  fl oor  s l abs , a nd ha s  onl y a  6 mm t hi c k-
ne s s .   
For  t he  gl a ze d e le me nt s  a  3.4 W / m 2 .º C ( Sa nt os , 2006)  he at  tr a ns f er  va l ue  was  us e d, whic h 
c or re s ponds  to a  woode n f r a me  wi t h si mpl e  gl a s s  and i nte ri or  woode n s hutt e rs  wi t h l ow air 
pe r me a bi lit y. Al t hough t he re  a r e  no hor i zonta l  ove r ha ngs  ove r  t he  gl a ze d wi ndows, t he  pr e se nce 
of  ve r ti c al  s ha di ng e l e me nts  be c ome s  a n i mpor ta nt  f a ct or  f or  t he  s umme r  s i t uat ion, e s pec i al l y i n 
t he  mos t  e xpos ed dwe ll ings  t o s ola r  r a di a ti on, i mpr ovi ng t he  obs tr uct i on f ac t or , ca l c ul at e d i ndi -
vi dua l l y f or  e ac h or i ent ati on. 
4 RESULT S ANALYS IS A ND M EASURES T O IM PROV E ENERGY EFF IC IE NCY  
4.1 Results analysis 
T he r es ult s  obta i ne d det ermi ne  t ha t t he s e  dwe ll i ngs  fa i l t o c ompl y wi nt e r -t i me  a nd pri ma r y e n -
e r gy ne e ds  f or  a ll  t he  12 di f fe re nt  si t ua ti ons  a na l ys e d, de s pit e  mos t  of  t he  he at  tr a nsf er  c oe ff i -
c i e nt  va l ues  f or  c onst r uctive  e l e me nt s  ar e  bel ow t he RCCT E ma xi mu m va l ue s a dmi t t e d, onl y 
t he  e xt er ior  wal l s  a re  s li ghtl y a bove . T he  s umme r -t i me  e ne r gy ne e ds  c ompl y i n a ll t he  12 ori e n-
t a ti ons . 
   
 
T a b le  1 .  H e a t tr a nsfe r  c o e f fic i e nts.  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
Co ns tr uc ti ve  e le me n ts   M a la g ue ir a  d we lli n gs   RC CT E  ma xi mu m  
         ( W / m 2 . º C)       a d mis sib le  ( W / m 2 . º C)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
E xte r io r  wa ll s            1 . 9 0        1 . 8 0 
Ro o f              0 . 9 0 /1 .0 3       1 . 2 5 
I nte r io r  wa ll s        1 . 6 2        2 . 0 0 
I nte r io r  sla b s       1 . 0 0        1 . 6 5 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
By a na l yzi ng t he  pr i ma r y e ne r gy ne e ds , we  c a n c oncl ude , t hat  i n t e r ms  of  the  RCCT E, t he 
or i ent ati on of t h e s e dwe ll ings  ha s  l it tl e si gni f ic a nc e  i n t e r ms  of e ne r ge ti c e ff ic ie ncy. St i ll , be tt er  
r e s ul ts  a re  obt ai ne d f or  t he  s out h a nd sout he a st  or i ent at i on, duri ng t he  wi nte r  se a son, whi c h are 
de t er mi ne d by a n i nc r ea s e in t he  s ola r  ga i ns , in r el at i on t o ot he r ori e nt at i ons . 
It  i s  f or  t he s umme r  e ne r gy ne e ds t ha t  t he mos t  s i gnif ic a nt  dif f er e nc e s a re  obt a ined a c c or di ng t o 
di ff e re nt s ol ar  or i ent at ions . In t hi s  ca s e , hea t  s ola r ga i ns  t hr ough buil di ng e l e me nt s a re  mor e 
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vi s i ble . T he  nort h a nd northe a st  ori e nt at i ons  ha ve  t he  l owe st  va l ues  i n t er ms  of  cool ing e ne r gy 
ne e ds , a nd t he  s out he as t , e as t  a nd we st  or i ent at ions  t he hi ghe s t va l ue s . T he  s outh or i ent ati on ha s 
me di um va l ue s . 
 
 
 
T a b le  2 .  E ne r g y ind ic a to r s.  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
O r ie nta tio n             N ic /N i    N vc /N v    N tc /N t                _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
W e st ( so uth)             1 7 8 %   9 3 . 1 8 %      1 42 . 5 1 %     
W e st ( no r th)             1 7 9 %   8 9 . 4 9 %      1 42 . 5 3 % 
So ut h we st ( so uthe a st)      1 6 9 %   9 4 . 6 8 %      1 40 . 0 0 %      
So ut h we st ( no r the a st)      1 6 9 %   8 9 . 2 9 %      1 39 . 9 1 % 
So ut h ( e a st)         1 7 0 %   7 9 . 4 1 %      1 39 . 6 4 % 
So ut h ( no r th)         1 7 0 %   7 9 . 1 7 %      1 39 . 6 8 % 
E a st ( no r th)         1 7 9 %   9 0 . 2 9 %      1 42 . 6 6 % 
E a st ( so ut h)         1 7 9 %   9 4 . 0 0 %      1 42 . 6 1 % 
N o r the a st ( no r t h we st)      1 8 3 %   6 9 . 3 2 %      1 42 . 7 6 % 
N o r the a st ( so u the a st)        1 8 2 %       7 4. 6 4 %      1 42 . 8 4 % 
N o r th ( we st)           1 8 3 %       6 2. 7 6 %      1 42 . 5 8 % 
N o r th ( e a st)         1 8 3 %   6 2 . 9 8 %      1 42 . 6 3 % _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
4.2 Measures to improve energy efficiency  
Af t er  compa r i ng t he e ne r gy i ndi c at or s  f or  the  12 or ie nta t ions  i n t he  M a la gue i ra  mos t  r e pr es e nt a -
t i ve  dwel li ngs , a s er ie s  of  me a s ur e s  wer e a nal yze d i n or de r  t o i mpr ove  e ner gy e f fi ci e nc y, by 
c hoosi ng t wo of  t he se  or ient at i ons :  s out hwes t  (s outhea s t)  a nd nort h ( ea st ) , whic h c or r es pond to 
t he  wor s t s it uati ons , r e spe ct i ve l y t he c ool i ng e ner gy ne e ds  a nd t he  he at i ng e ner gy ne e ds . T a bl e 
3 s hows  t he  mos t  unf a voura bl e  c ons tr uct i ve  e l e me nts  i n t er ms  of  he a t  l os se s  during t he  wi nt e r 
pe r iod. By t hi s  wa y, i t  i s  pos s ibl e  t o i de nti f y t he  a r ea s whe r e  t he  i mpr ove me nt  me a s ur e s  should 
be  i mpl e me nt e d. It  i s i nt er e st i ng to not e t ha t al one , t he int er ior wa ll s , i n c onta c t wi th ot her 
dwe l li ngs , i s  t he hi ghe st . Thi s  si tua ti on i s  due  to t he  f ac t  tha t  t hi s  pr oj e c t  ha s  a  c ons i der a bl e  a r ea 
i n t hi s  s it uat i on.  
 
 
 
T a b le  3 .  H e a t lo sse s.  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
H e a t lo sse s t hr o u gh c o nstr uc ti ve  e le me nt s ( W /º C)                                      _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _     
E xte r io r  wa ll s                                  6 1 . 3 9 
Ro o f                             5 0 . 3 2 
W a lls a nd  p a ve me nt s in c o nta c t wit h t he  so il         3 4 . 3 3       
Li ne a r  the r ma l b r id ge s                 3 7 . 6 2 
I nte r io r  wa ll s ( in c o nta c t wit h no n use d  sp a c e s o r  wi th        1 1 6. 0 5 
o the r  b uild in gs)    
I nte r io r  sla b s ( in c o nta c t wi th no n use d  sp a c e s)         3 . 0 3  
I nte r io r  gla z e d  sur fa c e s       
T he r ma l b r id ge s ( fo r  se p a r a tio n wa lls i n c o nta c t wit h                1 . 26 
no n use d  sp a c e s wit h τ> 0 . 7 )         
E xte r io r  gla z e d  sur fa c e s                6 8 . 1 0   
H e a t lo sse s b y a ir  r e no va tio n              7 7 . 4 5 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
T her ma l  i ns ula ti on was  t he n t es te d in al l  e xte ri or  e le me nt s  s uc h a s  wall s , r oof a nd gl a zed 
e l e me nt s . For  t he  wa ll s  and r oof  was  us ed r es pe cti ve l y a n 80 mm t hi c kne s s  l a ye r  of  e xpa nde d 
pol ys t yr e ne  f oa m ( EPS)  a nd a n 80 mm t hi c kne s s  l a ye r of  e xtr ude d pol ys t yr ene  f oa m ( X PS) . T he 
he a t  t ra nsf e r c oef fi ci e nt  f or  t he se  el e me nt s  wa s  t hen below RCCT E r ef er e nc e  va l ues . 
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T a b le  4 .  H e a t tr a nsfe r  c o e f fic i e nts a fte r  the r ma l i ns ula tio n i mp r o ve me nt s.  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
Co ns tr uc ti ve  e le me n ts   M a la g ue ir a  d we lli n gs   RC CT E  r e fe r e nc e   
         ( W / m 2 . º C)       va lue s ( W / m 2 . º C)  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
E xte r io r  wa ll s            0 . 4 0        0 . 7 0 
Ro o f               0 . 3 2            0 .5 0 
E xte r io r  gla z e d  e le me nts    2 . 2 0        4 . 3 0 _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
Al umi ni um doubl e  gl a ze d f r a me s  we r e  use d t o re plac e  t he  pr e vi ous  wooden f ra me s  wi t h a  
s i ngl e  gl a s s . Ac cor di ng t o the  ma nuf a c t ur e r, Ar ki a l , t he s e  fr a me s  ha ve  a  he a t  t ra ns f er  c oe ff ic ie nt 
of  2.90 W/ m 2 .º C. T hi s va l ue  c a n be i mpr ove d f or  2.20 W / m 2 .º C if  t he  i nt e ri or  s hut te r s a re  ac ti -
va t e d. T he  he at  t ra nsf e r  va lue s  f or  t hes e  a l umi nium f r a me s  a r e  qui t e  si mi l a r  t o ot he r  woode n or 
pl a st ic  f r a me s . Howe ve r , and due t o t he  di ff ic ult y on f i ndi ng a ir  pe r me a bil it y c l as s if i ed fr a me s 
i n Port uga l , t hes e  s pe ci fi c  f r a me s  we re  us ed f or  ve r ifyi ng a l l  RCCT E pa r a me t ers , whi c h c on-
s i der  a  ma xi mu m c l a s s if i cat i on of  3 t ha t  s houl d be  use d i n t hi s  ca s e, de s pi te  t he  c hos e n f ra me s  
ha ve  a  c la s si fi c at ion 4. 
Af t er  the r ma l  i ns ul at i on impr ove me nt s  on e xt er i or  e l e me nt s  we r e te s te d i n t he  M al a gue ira 
dwe l li ngs , a ll  e ner gy i ndi c at or s  wer e  r e duce d in bot h or i e nt at ions . St il l , t he  s umme r -t i me  e ne r gy 
ne e ds  was  the  onl y i ndic at or  bel ow t he  RCCT E ma xi mum a d mi s s i bl e .  
 
 
 
T a b le  5 .  E ne r g y ind ic a to r s ( e x te r io r  the r ma l i ns ula tio n) .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
O r ie nta tio n             N ic /N i    N vc /N v    N tc /N t                _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
So ut h we st ( so uthe a st)      1 0 4 %   8 6 . 4 6 %      1 22 . 1 1 %      
N o r th ( e a st )         1 1 7 %   6 0 . 9 6 %      1 24 . 5 4 % _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
In  or de r  t o pl a ce  a ll  e ner gy i ndic at or s  be l ow the  ma xi mu m a d mi s s i bl e  va l ues , a  30 mm t hi c k-
ne s s l a ye r of  e xt rude d pol ys t yr e ne f oa m ( X PS)  was  use d in t he i nt er i or  wal ls  i n cont a ct  wi th t he  
a dj ac e nt  hous es . T oge t he r wi t h t he  e xt er i or  t her ma l  ins ul ati on i mpr ove me nt s , aga i n a ll e ner gy 
i ndic at or s we r e  r e duc e d, but  onl y t he  s umme r -t i me  a nd wi nt er -t i me  e ne r gy ne e ds  ar e  now bel ow 
t he  ma xi mu m a d mi s s i bl e  va l ues . Pr i ma r y e ne r gy ne e ds  a r e  s til l  ove r  t he  r es pect i ve  ma xi mu m 
va l ue .   
 
 
 
T a b le  6 .  E ne r g y ind ic a to r s ( e x te r io r /inte r io r  the r ma l i ns ula t i o n) .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
O r ie nta tio n             N ic /N i    N vc /N v    N tc /N t                _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
So ut h we st ( so uthe a st)      7 5 %     8 8 . 2 7 %      1 14 . 2 0 %      
N o r th ( e a st )         8 6 %    6 2 . 5 5 %      1 16 . 1 7 % _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
                                   
De s pit e  t he  i mpr ove me nt s  r e gi s te r ed by t he  me a ns  of t he  RCCT E, whe n t he  i nte r i or  i ns ula -
t i on l a ye r  wa s  us e d, we  s houl d not e  t ha t  t he  use  of  thi s s ol ut i on ha s  s ome  pr obl e ms  a nd ma y not  
be  re s pons ibl e for a  r e al  i mpr ove me nt  of t he r ma l  comf or t a nd c ons e que ntl y r educti on of  e ner gy 
c ons umpt i on. Fi rs t  of  a ll  t he r e  is  t he  r e duc ti on of  i nt e rior  a re a s , whi c h ar e  a lr ea dy s ma l l  i n t he s e 
dwe l li ngs . On t he  ot he r  hand t he  de cr ea s e  on the  buildi ngs  t he r ma l  i ne rt ia  t hat  ma y c a us e  s ome  
pr oble ms  of  ove r -he a t i ng. Fi nal l y t he  RCCT E i ndic ate s  t ha t  i n a  mul ti fa mi l y bui l di ng no he at  
l os se s  s houl d be  c ons i de r ed t o c ont i guous  r e si de nc e s. In t he  M al a gue ir a  Quar t er  t he  l oss e s  to 
c onti guous  hous es  a r e  c ons i der e d a s  60%  i f  in i t s  pla c e  we  woul d ha ve  e xt er i or  t e mpe r a t ur es . 
T hi s  i s  a  qui te  punit i ve  si tua ti on consi der i ng t he  f a ct  t hat  in the  M a la gue i ra  dwel li ngs , t he  s ur -
f a c e  a re a s  i n conta c t  wi t h cont i guous  house s  i s  hi ghe r  t he n t he  a r ea s  i n c ont ac t  wit h e xt er i or  ai r . 
Eve n t hough s umme r -t i me  e ne r gy ne e ds  wer e  al re a dy be l ow t he  admi s s i bl e  ma ximu m va l ue s , 
a n out si de  s hut te r  s ys t e m wa s  t e st e d i n or de r  t o i mpr ove  t he r ma l  c omf or t  i n t he s e s  dwel li ngs  
dur i ng s umme r . It  wa s  c onf i r me d t he  r educt i on of  s umme r -t i me  e ne r gy ne e ds , by us i ng out s i de 
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woode n s hutt er s i ns t ea d of t he i nte ri or t ha t we re  us e d, but thi s re duct ion ha d l itt le  ef f ec t i n the 
pr i ma r y e ne r gy ne e ds . 
 
 
 
T a b le  7 .  E ne r g y ind ic a to r s ( e x te r io r /inte r io r  the r ma l i ns ula t i o n a nd  o utsid e  s h utte r s) .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
O r ie nta tio n             N ic /N i    N vc /N v    N tc /N t                _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
So ut h we st ( so uthe a st)      7 5 %    5 6 . 8 8 %      1 12 . 9 9 %      
N o r th ( e a st)         8 6 %    4 2 . 8 4 %      1 16 . 4 2 % _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
 
In or de r  t o r e duce  the  pr i ma r y e ne r gy ne e ds , whi c h wer e  st il l  a bove  t he ma xi mu m a dmi s s i bl e , 
a nd hel p t o i mpr ove  t he  e ne r ge t ic  ef fi c ie nc y of  t hes e  dwe l li ngs , t he  hot  wa te r  pr oduc ti on s yst e m 
wa s  r e pl a ce d. T he  ga s  he ate r s  use d, t ha t  re pre s ent ed the  mos t  c ommon t e c hnol ogy us e d i n t he 
l a te  1970’ s i n Al ent ej o, we r e  r e pl a ce d by a  mur al  boi le r  s ys t e m wi t h 50 mm t o 100 mm of  
t he r ma l  ins ul at i on. Thi s  me a s ur e  al one  was  e nough for  r educ e  t he  pr i ma r y e ne rgy ne e ds  bel ow 
t he  ma xi mu m a d mi s s i bl e, pr ovi ng t he  i nfl uenc e  gi ve n by RC CT E r e gul at i on t o wa t e r  hea ti ng 
s ys t e ms  i n t er ms  of  a c hi e ving e ne r ge t ic  e ff ic ie nc y.  
T he use  of  sol ar  pa nel s  f or  pr oduct ion of  hot  wa t er  i s  now obli ga t or y by t he  RCCT E, a s  l ong 
a s  t her e  is  f a vor abl e  sol ar e xpos ur e , whi ch oc c ur s  in M a la gue i r a  dwe ll i ngs . It  wa s  t he re f or e 
us e d a  si ngl e  sol ar  pa ne l  ( 1.9 m 2 ) , wi t h hi gh e f fi ci e nc y, a nd c al c ul at e d i t s  pe rf or ma nc e  us i ng t he 
Sol te r m s of t wa r e . The  c hose n s ys t e m i s  ma nuf a ct ur e d by Ya za ki  a nd ha s a  ta nk of 200 li te r s . 
 
 
 
 
T a b le  8 .  E ne r g y ind ic a to r s ( th e r ma l in su la tio n,  o ut sid e  s hut t e r s,   
ho t wa te r  p r o d uc tio n s yste m a nd  so la r  p a ne ls ) .  _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
O r ie nta tio n             N ic /N i    N vc /N v    N tc /N t                _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
So ut h we st ( so uthe a st)      7 5 %    5 6 . 8 8 %      4 8 .5 2 %      
N o r th ( e a st)         8 6 %    4 2 . 8 4 %      5 0 .9 3 % _ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ _ 
5 CONCLUS IONS  
For  the  t i me  it  wa s buil t, and de spit e  a ll  fi na nc ia l  dif fi c ul ti e s t ha t  ha ve  l ed t o t he c once pti on of 
t his  proj ec t , t he  Ma la gue i ra  Qua rt er  dwel li ngs  ha ve  a quit e  s a ti sf a ct or y e ne r gy l a be l - ‘ C’  - f or 
t he  12 or ie nta ti ons st udi e d. T he opt ions  t a ke n i n t he  l a te s t 1970’ s ha ve  pr ove n to ada pt t o the  l o-
c a l  cl i ma t e . For  t hi s  a chi e ve me nt  c ont ri but e d a  c l os e  look t o t he  ol d wal le d ci t y of  Évor a  ma i n 
c ha ra c te ri st i cs  and the  Al ent ej o’ s ve r nac ula r  a r chit e ctur e , bot h we ll  ada pt e d, ma inl y, t o t he hot 
dr y c l i ma t ic  c har ac t er is ti c s of  Al ent ej o’ s  s umme r . 
Combi ni ng a l l t he  ene r gy impr ove me nt  me a s ur e s  pr e vi ousl y de s cr ibe d, a  hi gh e ne r gy l a be l - 
‘ A’  - wa s  a c hi e ve d f or  t he  s out hwes t  (s out he as t)  ori e nt a ti on, a nd a  ‘ B’  e ne r gy l a be l  wa s  a c hi e ve 
f or  t he  nort h (e a st )  ori e nt a tion.  
For  the  ar c hi te c tur e , s it e  and c li ma t i c  a da pt at i on ha ve  a l wa ys  be e n a ma i n de si gn pr oc ess 
c onc er n. For gott e n duri ng s ome  pe r i ods  i n t he  20t h c ent ur y, mos t l y due  t o s ome  t e c hnic al  i nno-
va t i ons , i s now a n ar e a  of  ma j or  i nt e re st . T he st udy of  t hi s quar t er  i n Évor a ha s pr ove n t ha t  t o-
ge t he r , bot h l e ar ning wi t h the  pa st  a nd ma ke  us e  of  new t e c hnol ogy, ma y be  t he  wa y t o i mpr ove  
e ne r gy e f f ic i enc y i n buil di ngs  a nd c ons e que nt l y t o r educ e  t he  e ner gy c ons umpt i on t hat  ha ve  l e d 
t o s o ma ny e nvi r onme nt a l  pr oble ms .  
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1 INTRODUCTION 
Buildings, over the last decades, have strongly contributed to the environmental degradation by 
a large usage rate of energy, though they may also present a potentially reasonable alternative 
for damage reduction. In order to achieve it, the likes of environmental comfort, energy effi-
ciency and water consumption decrease must be taken into account from the beginning of the 
architectonic project, as means to develop an integrated process of building conception which 
leads to a low environmental impact. 
In view of these parameters, two Completion of Course Works were developed – both consi-
dering, in its conception, the application of climatic variables for the purpose of energy efficien-
cy, being later on detailed, thus enabling the refinement of decisions and specifications. 
The evaluation presented high rating levels on commercial building and, if the same rules 
were applied to the residential rating, the results wouldn’t differ much. This was made possible 
through previous consideration of climatic aspects, as the course of the article will show. The 
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ABSTRACT: Contemporary buildings, as a general rule, have a responsibility in the increasing 
global warming and environment degradation, mainly through the intensive use of energy, and 
resources consumption. And therefore they can be seen as having a great potential in the mitiga-
tion of those problems they help create. According to environmental researches, there is an ur-
gent need for the society to change its behavior, diminishing the production of waste, minimiz-
ing the use of resources and energy and enhancing the efficiency of its processes. 
Issues like daylighting, natural ventilation, sun protection, environmental comfort and energy 
efficiency must be addressed in the first stages of the building design in order to generate sus-
tainable and efficient buildings. 
In the specific context of energy efficiency in Brazil, it was launched on July 2009 the National 
Energy Conservation Label (ENCE) for Commercial, Service and Public Buildings. The evalua-
tion is valid for conditioned, partly conditioned and non conditioned existing or new buildings. 
The School of Architecture of the Federal University of Minas Gerais, Brazil is already training 
its students to be able to face this new regulation and the design needs that are attached to the 
certification process, in order to enhance not only the energy efficiency of building but also their 
sustainability. The present paper shows two final graduation designs (TFG) made by students, 
based on concepts such as flexibility, environmental comfort, energy efficiency, resource con-
servation, and discusses the effort needed and the necessary changes in the conception process 
in order to fulfill these new needs in the design process.  
One of the studies was the refurbishment of a building transformed in a convention center in 
Formiga (Minas Gerais), which was classified according to the new ENCE requirements. The 
other one is a sustainable housing of mixed use (residential and commercial) in Nova Lima, also 
in Minas Gerais. The design studies show the commitment of a new generation of architects to 
the principles of sustainable architecture and also to a more sustainable way of living. 
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results obtained allowed both works to take part in national architecture contests, as one of them 
recently won the National Award for the Conservation and Rational Use of Energy 
(ELETROBRAS/CONPET). 
2 PROJECT DESCRIPTION & METHODOLOGY 
The first work concerns the design of a Cultural Center in Formiga, Brazil. The development of 
this project aims relocating schools to the former city foundry, which is currently abandoned. 
This is a refurbishment project, which not only looks towards the recovery of a historic build-
ing, but also attempts to provide a better infra-structure for the site, so it may be able to admit 
over 900 students, teachers and visitors. 
The second work consists in developing a 30.930 m² housing condominium at Nova Lima, 
Brazil. Through the use of natural lighting and ventilation as well as many other bioclimatic 
strategies, the project suggests a reduction in the energy consumption for apartments and public 
spaces (such as lobbies and garages). Besides presenting an alternative to reduce the environ-
mental impact, this work provides solutions to both operational costs and user productivity and 
comfort. In addition, as the residential buildings should be connected to a commercial office 
building, it shortens users’ traveling time through places. 
                         
 
 
 
 
 
 
 
 
Figure 1:  External Perspective of the Cultural   Figure 2:  Internal Perspective of the  
Center                 Cultural Center 
 
 
 
 
 
 
 
 
 
 
 
Figure 03: Residential Bulding              Figure 04: Resource Usage Diagram 
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3 DEVELOPMENT 
Not only as a tendency, but also as a need, the global process of implementation of building 
standards concerning energy efficiency has gained more adepts. In Brazil, this project is yet in-
cipient, and the studies looked towards an integration of bioclimatic strategies from its concep-
tion, in order to decrease the need of using energy operating systems. 
3.1  Standards 
The Brazilian electric energy sector has one of the biggest hydroelectric parks of the world, cor-
responding to 82.36% of all electric energy produced within the country. This is only possible 
because of its hydrographical basin which, besides its extension, has great capability as to gene-
rating electric energy. Until the mid 90’s this system was able to attend the country’s demand, 
however insufficient investments in the sector allied to political/economic issues, to a low rain 
rate and to an increasing energy consumption led the hydroelectric energy supply to give short-
age signals. This process ended up in 2001 when the country was forced to implement energy 
rationing – a watershed in Brazilian electric sector –, which served as a route for new long term 
investments, thus extinguishing further rationing risks. 
Later on, as seen on Europe and North America, measures concerning electric energy usage 
were adopted by the Brazilian government. The law 10295/2001 states that “the maximum level 
of energy consumption or minimum of energy efficiency, of energy consuming machines and 
equipment manufactured or commercialized in the country, as well as constructions shall be 
pursuant to technical indicators and specific regulations”, which are defined in the decree. In or-
der to implement these specifications, PROCEL – Electric Energy Conservation Program ap-
proved the RTQ-C – Technical Quality Standards for the Energy Efficiency of Commercial, 
Service and Public Buildings in 2009, while the Residential Building Standards shall be imple-
mented in 2010. 
RTQ-C building evaluation is divided into four unequally weighted sections, as follows: 
building envelope (30%), lighting (30%), air conditioning (40%) and the building as a whole; 
which are classified through rates from A – more efficient to E – less efficient. The evaluation is 
made either by a simplified prescriptive method or by building computer-aided simulation, 
enabling the evaluated building to receive an ENCE – National Energy Conservation Label, in-
dicating the building’s overall performance and also its performance on each section. 
In opposition to other countries – where such measure was originally directed to the residen-
tial sector, the first set of parameters to be developed in Brazil was the RTQ-C. This is due to a 
growing range of diverging features among residential buildings in the country, where energy 
efficient strategies would also differ, as a result of the Brazilian climatic variety. 
The original idea was to focus on developing commercial patterns, given the system standar-
dization concerning energy expenditures, thus creating a smaller number of variants. Besides, 
artificial conditioning – preponderant in commercial buildings –, is seen as one of the main 
causes for the high energy consumption, along with inefficient equipment. In light of these top-
ics, it is likely that both ventilation and lighting are to be held as the most important points as to 
bioclimatic projects. 
3.1.1 The brazilian and portuguese standards 
The Portuguese program, as in Brazil, follows similar patterns to those already adopted for 
household appliances, being currently extended to all new buildings. It differs, though, from the 
Brazilian model, by being mandatory for carrying building constructions and large refurbish-
ments out. The most relevant step Portugal ever took was creating a regulation for the architects 
to effectively use energy simulation tools for building designing. We have strong reasons to be-
lieve a similar process will take place in Brazil as soon as its standards become mandatory. 
3.2 Bioclimatic studies 
The altitude tropical climate, prevailing over Formiga and Nova Lima, is relatively mild, with 
average mean temperature varying from 13º to 29ºC, being also characterized by rainy summers 
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• EqNumCA - equivalent number for the air conditioning; 
• EqNumV – equivalent number for natural conditioning; APT – floor area of non-
conditioned transitory spaces; 
• ANC – floor area of non-conditioned permanent spaces; 
• AC – floor area of conditioned spaces; 
• AU ¬– used area; 
• b – points obtained for bonuses varying from 0 to 1.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure7: Final Label for the Culture Center 
4.2 Housing development 
In order to obtain a proper implementation of the design, a climatic data survey was carried out, 
taking into account wind behavior, humidity condition and solar position. The same indicators 
were tested through low scale models and in loco measurements, aiming low rates concerning 
land movements, in order to preserve the natural surface of the land. 
 
 
Figure 8: Study of climatic variables on the land   Figure 9:  Cross Ventilation in apartment in-
terior
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PICTURE 10: Bioclimatic Measures adopted in Housing Development 
 
Technology usage concerning the project may be linked to the utilization of an independent 
building structure that could be easily assembled; predominant using of local material and re-
cycled wood; acoustic protection between apartments – as double walls (thus reducing air con-
ditioning system usage); using of high performance envelopes and cross ventilation; suspended 
gardens and breathing zones for wind permeability, as well as abundant vegetation for shadow-
ing and creation of microclimates; using of solar bulkheads for sunburn prevention; solar collec-
tors and photovoltaic panels; visible piping and water pressure regulating valves for faucets, 
showers and toilets; rainwater harvesting for toilets; individual water meter sets for each resi-
dential unit; concentration of wet areas in west façade (leeward façade – air outlet); efficient 
lighting systems and presence sensors; PROCEL labelling in common use equipments, such as 
freezers and water pumps; selective waste collection areas; social integration areas; and a re-
duced number of parking spots and alternative proposals for public transportation, thus giving 
priority to pedestrians over vehicles. 
5 CONCLUSION 
As every new process, the brazilian energy efficiency labelling is still at trial and in 
improvement, as researches and application studies are being carried out. One can notice, 
though, how civil construction professionals get interested in obtaining the National Label of 
Energy Conservation. 
Many of the technologies applied to efficient buildings imply on a more significant 
starting project investment, though their cost should not be overlooked, as energy expenses 
unbalance the figures. Anyhow, both studies showed that considering energy efficiency and 
bioclimatic aspects in early stages of building design process allows enhancing the building 
overall performance. For it to happen, however, several changes concerning the way buildings 
are developed in Brazil must take place. In order to prove the energy efficiency of adopted 
strategies, the architect must have proper technological knowledge of the systems’ performance, 
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and material specifications ought to be made in early stages, which doesn’t actually happen in 
most building developments. Professionals must be integrated from the beginning so that energy 
alternatives can effectively be explored in their full range. 
Although bioclimatic projects may present higher building costs over traditional ones, 
they have great appeal to the market and may as well contribute to brazilian’s voluntary 
labelling. 
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1 INT RODUCT ION 
1.1 General 
Pa s s i ve  hous e s  vs . t r a di t i ona l  bui l di ng t e c hni que s  i s  a n ongoi ng de ba t e  s i nc e  a  f e w ye a r s . T he  
i s s ue  be c ome s  mor e  a nd mor e  obvi ous  whe n we  t a ke  i nt o a c c ount  t he  ve r y vol a t i l e  e ne r gy pr i c -
e s  on t he  ma r ke t  t oda y. W e  pr opos e  a n a ppr oa c h t ha t  t a ke s  i nt o a c c ount  t he  c ha r a c t e r i s t i c s  of  
e a c h me t hod a nd t r i e s  t o s he d s ome  l i ght  ont o t he  pa s s i ve -t r a di t i ona l  de ba t e . 
2 T RADIT IONAL – PASSIV E HOUSE PRINCIPLES IN COM PARISON 
2.1 General 
A passive house is defined as a building that has a very low energy consumption (max. 15 
kWh/m 2 /year for heating and cooling and a total energy footprint of less than 120 kWh/m 2 /year). 
A dwelling w hich achieves passive house standards  usually includes a few features that distin-
guish it from mainstream builds. 
2.2 Title, author and affiliation frame 
Fi r s t  of  a l l  pa s s i ve  hous e s  wi l l  di s t i ngui s h t he ms e l ve s  t hr ough c ompa c t  f or m ( good A/ V  r a t i o)  
a nd good i ns ul a t i on. As  s uc h a l l  c ompone nt s  of  t he  out e r  s he l l  s houl d a c hi e ve  a  U-va l ue  of  a t  
l e a s t  0.15 W / m 2 K , a l l  t hi s  whi l e  c onve nt i ona l  hous i ng t a ke s  l e s s  i nt o a c c ount  t he  A/ V  r a t i o a nd 
l i mi t s  t he  U-v a l ue s  a t  a bout  0.3 – 0.7  W / m 2 K . 
Trad itio n al an d  p as s iv e h o u s e en erg y f o o tp rin t calcu latio n  
meth o d s  
m . arh. Dan S t oi an  
Politehnica University of Timisoara, Timisoara, Romania 
arh. Ioana Bot ea  
Politehnica University of Timisoara, Timisoara, Romania 
ph.d. eng. Val eri u S t oi an 
Politehnica University of Timisoara, Timisoara, Romania 
ABST RACT :  W e  bui l d our  hous e s  a c c or di ng t o c ur r e nt  nor ms  r e ga r di ng e ne r gy c ons umpt i on 
a nd e c onomy. But  how a c c ur a t e  a r e  t he  c a l c ul a t i ons  i n t he  c a s e  of  ne w t e c hnol ogi e s ?  Ca n t he y 
de a l  wi t h s upe r  i ns ul a t e d s t r uc t ur e s ?  Do t he y t a ke  i nt o a c c ount  t he  e nt i r e  e ne r gy c ons umpt i on 
a nd ge ne r a t i on t ha t  t a ke s  pl a c e  i ns i de  t he  bui l di ng?  W e  pr opos e  a  c r i t i c a l  a ppr oa c h upon t wo 
me t hods  of  e ne r gy c ons umpt i on c a l c ul a t i on a nd t wo e ne r gy- wi s e  di f f e r e nt  t e c hnol ogi e s  of  
bui l di ng t he  s a me  hous e . Fi r s t  we  wi l l  a na l yze  t he  t r a di t i ona l  c a l c ul a t i on me t hod ( a s  pe r  c ur r e nt  
Roma ni a n s t a nda r ds ) , s e c ond we  wi l l  a na l yze  t he  pa s s i ve  hous e  c a l c ul a t i on me t hod ( a s  de f i ne d 
by t he  Pa s s i vha us  Ins t i t ut  i n Da r ms t a dt , Ge r ma ny) . Bot h me t hods  wi l l  be  a ppl i e d f i r s t  f or  a  t r a -
di t i ona l l y bui l t  hous e  – a s  pe r  c ur r e nt  Roma ni a n e ne r gy s t a nda r ds  – a nd s e c ond f or  t he  s a me  
hous e  bui l t  t hi s  t i me  a s  a  pa s s i ve  hous e  – a s  de f i ne d by t he  Pa s s i vha us  Ins t i t ut . T he  c ompa r i s on 
a i ms  t o s how t he  gr e a t e r  pr e c i s i on of  t he  “ pa s s i vha us ”  me t hod a nd a l s o t he  l a c k of  a ppl i c a bi l i t y 
of  t he  t r a di t i ona l  me t hod i n c ur r e nt  pa s s i ve  hous e  de s i gn.  
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Se c ond, s out he r n or i e nt a t i on a nd s ha di ng a r e  t a ke n i nt o c ons i de r a t i on a s  pa s s i ve  us e  of  s ol a r  
e ne r gy i s  a  s i gni f i c a nt  f a c t or  i n pa s i ve  hous e  de s i gn, whe r e a s  i n t r a di t i ona l  bui l di ng pl a nni ng 
c ons i de r a t i on i s  gi ve n t o a  c e r t a i n me a s ur e  t o nor t h/ s out h or i e nt a t i on but  t he  i mpr ove me nt s  r e -
s ul t i ng f r om pa s s i ve  s i t e  de s i gn a r e  of t e n not  t a ke n i nt o a c c ount . 
W i ndows  a r e  a  c r uc i a l  pa r t  of  pa s s i ve  hous e  de s i gn a s  t he y us ua l l y pr ovi de  t he  we a ke s t  pa r t  
of  t he  out e r  s he l l  – e ne r gy-wi s e . As  s uc h t he  wi ndows  us e d i n pa s s i ve  hous e s  s houl d ha ve  U-
va l ue s  not  e xc e e di ng 0.80  W / m 2 K  ( gl a zi ng a nd f r a me s  c ombi ne d)  wi t h a  s ol a r  he a t -ga i n c oe f -
f i c i e nt  of  a r ound 50% . T ypi c a l  U-va l ue s  i n t r a di t i ona l  hous e s  a r e  i n t he  r a nge  of  1.8 – 2.2  
W / m 2 K . 
Figur e  1  - P r o p o se d  gr o und  flo o r  p la n o f d we lling 
 
T he  bui l di ng e nve l ope  s houl d be  a i r t i ght  i n pa s s i ve  hous e s  – i ns ur i ng a n a i r  l e a ka ge  r a t e  of  
ma xi mum 0.6 vol ume s  pe r  hour  a t  a  50 Pa  pr e s s ur e  di f f e r e nc e  be t we e n t he  i nt e r i or  a nd t he  e x-
t e r i or . M a i ns t r e a m bui l ds  r e qui r e  onl y s ome  a i r t i ght ne s s , t he  nor m a c t ua l l y t a ke s  i nt o a c c ount  a  
na t ur a l  a i r  c ha nge  r a t e  of  a t  l e a s t  0.5 vol ume s  pe r  hour  – a c hi e va bl e  by ope ni ng t he  wi ndows . 
Ot he r  s t a nda r ds  r e qui r e  a n a i r t i ght ne s s  a t  l e a s t  10 t i me s  poor e r  t ha n pa s s i ve  hous e  s t a nda r ds . 
Ot he r  ke y poi nt s  i nc l ude  a  ve nt i l a t i on s ys t e m wi t h he a t  r e c ove r y r unni ng a t  a n e f f i c i e nc y of  
a t  l e a s t  80%  s o t ha t  mos t  of  t he  he a t  i s  c ont a i ne d i ns i de  t he  hous e , pr e he a t i ng of  t he  i nt a ke  a i r  
f or  t he  ve nt i l a t i on s ys t e m t hr ough unde r gr ound he a t  e xc ha nge r s  ( a i r -s oi l )  s o t ha t  t he  f r e s h a i r  
wi l l  be  pr e he a t e d t o c a . 5°C e ve n i n wi nt e r t i me . T he s e  me a s ur e s  ha ve  l i t t l e  s i gni f i c a nc e  f or  a  
t r a di t i ona l  hous e  wi t h hi gh a i r  pe r me a bi l i t y whe r e  ve nt i l a t i on i s  us ua l l y a c hi e ve d by ope ni ng 
t he  wi ndows / door s  or  by us i ng t r i c kl e  ve nt s  or  e xt r a c t  f a ns . 
Ene r gy-s a vi ng a ppl i a nc e s  a r e  a  mus t  i n a  pa s s i ve  hous e  a s  t he  r e qui r e me nt  of   a  t ot a l  e ne r gy 
f oot pr i nt  of  l e s s  t ha n 120 kW h/ m 2 / ye a r  i mpos e s  c e r t a i n r e s t r i c t i ons . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figur e  2  - Fir st flo o r  p la n o f p r o p o se d  d we lling 
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2.3 Insulation 
As  pr e vi ous l y s t a t e d t he  bui l di ng c ompone nt s  of  a  pa s s i ve  hous e  s houl d ha ve  s upe r i or  i ns ul a t -
i ng pr ope r t i e s . T he  l i mi t i ng U-va l ue  of   0.15 W / m 2 K  pl a c e s  t he  t hi c kne s s  of  t he  i ns ul a t i on a t  
a r ound 30-40 c m ( Fi g . 3, 4)  gi ve n t he  us e  of  t r a di t i ona l  ma t e r i a l s  l i ke  pol ys t yr e ne  f oa m or  mi n-
e r a l  wool . W i t h s uc h a  hi ghl y i ns ul a t i ng out e r  s he l l  e xt r a or di na r y c a r e  mus t  be  t a ke n t o a voi d 
t he r ma l  br i dge s  a l t oge t he r , pos i ng a  s e r i e s  of  t e c hni c a l  di f f i c ul t i e s .T he  c ont i nui t y of  t he  i ns ul a -
t i on i n a  pa s s i ve  hous e  i s  a n i mpor t a nt  ma t t e r  s i nc e  he a t  l os s e s  t hr ough e ve n s ma l l  t he r ma l  
br i dge s  ha ve  a  ve r y l a r ge  i mpa c t  on t he  gl oba l  e ne r gy ba l a nc e . T he  e nt i r e  he a t e d vol ume  of  t he  
bui l di ng s houl d be  wr a ppe d i n a  c ont i nuous  i ns ul a t i ng s he l l , f r om be l ow t he  f ounda t i ons , r un-
ni ng up t he  wa l l s  a nd ove r  t he  r oof . 
W i ndows  wi t h U-va l ue s  not  e xc e e di ng 0.80  W / m 2 K  ( gl a zi ng a nd f r a me s  c ombi ne d)  wi t h a  
s ol a r  he a t -ga i n c oe f f i c i e nt  of  a r ound 50%  us ua l l y ha ve  t r i pl e  gl a zi ng a nd pr ovi de  i n wi nt e r t i me  
f or  mos t  of  t he  he a t  ga i n ne c e s s a r y t o ma i nt a i n a  c onf or t a bl e  i ndoor  c l i ma t e . Spe c i a l  c a r e  mus t  
be  s hown t owa r ds  be t t e r  qua l i t y f r a me s  f or  t he  wi ndows  a s  t he y c ons t i t ut e  c a . 30-40%  of  t he  
wi ndow s ur f a c e  a nd onl y c ont r i but e  t o t he  he a t  l os s , e xhi bi t i ng no s ol a r  ga i n. T he  s upe r i or  i ns u-
l a t i ng ma t e r i a l s  of  a  pa s s i ve  hous e  a l s o pr ovi de  f or  a  ge ne r a l l y be t t e r  i ndoor  c l i ma t e  t hr ough 
hi ghe r  i nne r  s ur f a c e  t e mpe r a t ur e s  i n wi nt e r t i me  a nd l owe r  i n s umme r t i me , pr ovi di ng f or  a  l a c k 
of  c ol d s ur f a c e s  – de t r i me nt a l  t o c onf or t  – a nd a  de c r e a s e d c ha nc e  of  c onde ns a t i on a s  we l l  a s  
pr ot e c t i on f r om t he  hi gh s umme r  t e mpe r a t ur e s . 
 
Figur e  3  - Cr o ss-se c tio n o f p r o p o se d  d we lling 
2.4 Mechanical 
Pa s s i ve  hous e s  mus t  us e , i n or de r  t o t a ke  a dva nt a ge  of  t he  gr e a t  i ns ul a t i on ot he r wi s e  a nd t o i n-
s ur e  a  good qua l i t y of  t he  i ns i de  a i r  i n a n ot he r wi s e  a i r t i ght  hous e , a  ve nt i l a t i on s ys t e m wi t h 
he a t  r e c ove r y. In or de r  t o ma ke  t he  mos t  out  of  i t  t he  he a t  e xc ha nge  e f f i c i e nc y s houl d be  hi ghe r  
t ha n 80% , not  di f f i c ul t  a ppa r e nt l y, s i nc e  c omme r c i a l  uni t s  a c hi e ve  up t o 92%  e f f i c i e nc y. 
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Figur e  4  - Cr o ss-se c tio n o f tr a d itio na l wa ll str uc tur e  
 
Figur e  5  - Cr o ss-se c tio n o f p a ssive  ho use  wa ll str uc tur e  
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2.5 Building technique 
2.5.1 Insulation 
T he  r e qui r e me nt s  f or  pa s s i ve  hous e s  a l s o me a n t ha t  c e r t a i n pr obl e ms  ha ve  t o be  s ol ve d i n or de r  
t o a t t a i n s t r i c t  c ondi t i ons . T he  hi gh t hi c kne s s  of  i ns ul a t i on pos e s  c e r t a i n pr obl e ms  a s  i t  mus t  be  
c ont i nuous . Spe c i a l  t ype s  of  i ns ul a t i on mus t  be  us e d unde r  t he  f ounda t i ons  i n or de r  t o i ns ur e  
s t a bi l i t y of  t he  bui l di ng. Pa r t i c ul a r  de t a i l s  ha ve  t o be  a ddr e s s e d i n s us pe ndi ng t he  i ns ul a t i on on 
t he  e xt e r i or  of  t he  wa l l s , i n or de r  not  t o c r e a t e  t he r ma l  br i dge s . T he s e  pr obl e ms  a r e  us ua l l y 
de a l t  wi t h l e s s  c a r e  i n a  t r a di t i ona l  bui l di ng be c a us e  of  t he  l e s s e r  i nf l ue nc e  t he y ha ve  on t he  
ove r a l l  r e s ul t . 
2.5.2 Thermal bridges 
T he r ma l  br i dge s  be c ome  r e a l l y r e l e va nt  onl y i n a  hi ghl y i ns ul a t e d out e r  s he l l  a s  a n uni ns ul a t e d 
bui l di ng c ons i s t s  mos t l y of  t he r ma l  br i dge s . T he r ma l  br i dge  de f i ni t i on i s  s ome wha t  di f f e r e nt  i n 
a  pa s s i ve  hous e  c ompa r e d t o a  t r a di t i ona l  hous e . Ge ne r a l l y pa s s i ve  hous e s  a r e  de s i gne d t ha t  t he  
ψ  f a c t or  of  a ny t he r ma l  br i dge  i s  ke pt  a t  a  ma xi mum of  0,010 W / ( m² K )  ( Fi g. 6) . In t he s e  c ondi -
t i ons  a ny pr ot r us i on t hr ough t he  i ns ul a t i ng s he l l  mus t  be  c a r e f ul l y pl a nne d be c a us e  ot he r wi s e  
t he  e f f e c t  c a n be  c a t a s t r ophi c  on t he  e ne r gy ba l a nc e . 
2.5.3 Airtightness 
Pa r t i c ul a r  a t t e nt i on i s  pa i d t o good a i r t i ght ne s s  of  a  pa s s i ve  hous e . If  a  pa s s i ve  hous e  i s  bui l t  i n 
a  br i c k a nd mor t a r  f a s hi on, us ua l l y t he  i nne r  r e nde r  l a ye r  doubl e s  a s  a n a i r t i ght  l a ye r . If  t he  
bui l di ng t e c hnol ogy i s  i n wood or  s t e e l , di f f e r e nt  me a s ur e s  ha ve  t o be  t a ke n:  us ua l l y a n a i r t i ght  
l a ye r  of  PE me mbr a ne  or  a  s i mi l a r  ma t e r i a l  i s  a ppl i e d on t he  i nt e r i or  of  t he  bui l di ng, be ne a t h 
t he  f i na l  r e nde r  l a ye r . 
2.5.4 Windows 
Al s o i mpor t a nt  a r e  t he  wi ndow de t a i l s :  wi ndows  s houl d be  mount e d i n s uc h a  ma nne r  t ha t  t he  
f i xi ng me t hod doe s  not  a l l ow f or  t he r ma l  br i dge s  a nd pr ovi de s  f or  good a i r t i ght ne s s  ( Fi g. 7) . 
Us ua l l y a  s e pa r a t e  PE or  s i mi l a r  me mbr a ne  i s  us e d t o pr ovi de  t hi s  l e ve l  of  a i r t i ght ne s s .  
 
 
 
Figur e  6  - P a ssive  ho use  r o o f to  wa ll d e ta il     Figur e  7  - P a ssive  ho use  wind o w mo unting d e ta il 
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3 COM PARAT IV E ENERGY CONSUM PT ION EV ALUAT ION 
3.1 Algorithms for estimating energy consumption 
T he  e ne r gy c ons umpt i on a s s e s s me nt  ha s  be e n de ve l ope d a c c or di ng t o t wo me t hods  of  c a l c ul a -
t i on:  t he  t r a di t i ona l  c a l c ul a t i on me t hod a nd t he  pa s s i ve hous e  c a l c ul a t i on me t hod. W hi l e  t he  
t r a di t i ona l  me t hod c a n be  a ppl i e d t o pa s s i ve  hous e s  t he  r e s ul t s  do not  c or r e s pond wi t h t he  pa s -
s i ve  ous e  c a l c ul a t i on me t hod r e s ul t s . Oppos i t e , t he  pa s s i ve  hous e  me t hod c a n be  a ppl i e d t o t r a -
di t i ona l  hous e s  r e s ul t s  be i ng c l os e r  t o e a c h ot he r . 
3.2 Differences in assessment methods 
Fi r s t  a nd f or e mos t  we  mus t  poi nt  out  t ha t  t he r e  a r e  f unda me nt a l  di f f e r e nc e s  i n t he  a ppr oa c h t o 
e ne r gy c ons umpt i on a s s e s s me nt  a c c or di ng t o e a c h me t hod. 
T he  t r a di t i ona l  e ne r gy c ons umpt i on c a l c ul a t i on me t hod us e s  a  gl oba l  i ns ul a t i on c oe f f i c i e nt  
f or  t he  e nt i r e  bui l di ng ( G)  – a n a ve r a ge  t he r ma l  t r a ns mi t t a nc e  va l ue  f or  t he  e nt i r e  s he l l  of  t he  
bui l di ng. G i s  t he n us e d t o de t e r mi ne  t he  ne c e s s a r y e ne r gy pe r  1 m 2 .  
T he  pa s s i ve hous e  me t hod i nvol ve s  a  c a l c ul a t i on of  a l l  t he  he a t  l os s e s  s e pa r a t e l y t hr ough a l l  
t he  s ur f a c e s  c ompr i s i ng t he  bui l di ng e nve l ope , t a ki ng i nt o a c c ount  di f f e r e nt  U-va l ue s  f or  di f f e r -
e nt  ma t e r i a l s  whi c h e ve nt ua l l y yi e l ds  a  t ot a l  e ne r gy c ons umpt i on f or  t he  e nt i r e  hous e , whi c h i s  
t he n di vi de d by t he  a r e a  of  t he  bui l di ng i n or de r  t o obt a i n t he  ne c e s s a r y e ne r gy pe r  1 m 2 .  
Di f f e r e nt  f a c t or s  a l s o a ppl y f or  s ha di ng, wi ndow t o wi ndow c onne c t i on he a t  l os s , f r e e  he a t -
i ng e ne r gy a s  a  r e s ul t  of  bui l di ng us e  r e s ul t i ng i n a  di f f e r e nt  r e s ul t  be t we e n t he  t wo me t hods . 
3.3 Solar heat gain / shading 
W hi l e  t he  pa s s i ve hous e  c a l c ul a t i on me t hod pr ovi de s  f or  de t a i l e d a na l ys i s  of  s ol a r  he a t  ga i n a c -
c or di ng t o pr e c i s e  ( t o t he  ne a r e s t  de gr e e )  c a r di na l  or i e nt a t i on, a ngl e  of  t he  wi ndow a r ound a  
hor i zont a l  a xi s , t he  t r a di t i ona l  me t hod onl y di f f e r e nt i a t e s  be t we e n 5 ma i n c a r di na l  di r e c t i ons  
a nd a s s ume s  a l l  wi ndows  a t  a n a ngl e  e qua l  t o or  hi ghe r  t ha n 30 de gr e e s  a s  ve r t i c a l . T he  l a t t e r  
me t hod doe s  not  a l l ow f or  a  pr e c i s e  c a l c ul a t i on of  s ol a r  he a t  ga i n. 
3.4 Ventilation 
In t he  pa s s i ve hous e  c a l c ul a t i on me t hod t he r e  i s  pr ovi s i on f or  t a ki ng i nt o a c c ount  a r t i f i c i a l  ve n-
t i l a t i on wi t h de humi di f i c a t i on f a c t or s  whi l e  t he  t r a di t i ona l  me t hod a ppl i e s  a  bul k c oe f f i c i e nt  f or  
na t ur a l  ve nt i l a t i on a nd a s s e s s e s  he a t  l os s  a c c or di ng t o a n e s t i ma t e d hour l y ve nt i l a t i on r a t e . 
3.5 Internal heat gain 
Pa s s i ve  hous e  me t hod t a ke s  i nt o a c c ount  f or  a  dwe l l i ng c a . 2.1  W / m 2  of  he a t i ng e ne r gy whi l e  
t he  t r a di t i ona l  m e t hod a l l ows  f or  7 kW h/ m 3 *ye a r . T he  r e s ul t s  a r e  nor ma l i ze d i n t he  t a bl e  be l ow. 
 
 
T a b le  1 - I nt e r na l he a t ga in c o mp a r iso n ( kW h/m 2 *ye a r )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
   T r a d itio na l  P a ssive ho use  
    1 7 . 5      1 5 . 3  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3.5.1 Thermal bridges 
Bot h me t hods  a l l ow f or  t he r ma l  br i dge  l os s  c a l c ul a t i on but  t he  me t hods  di f f e r . T hi s  wa s  not  
pur s ue d he r e  a s  bot h bui l di ngs  we r e  de s i gne d wi t hout  t he r ma l  br i dge s . 
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4 CONCLUSIONS 
4.1 Calculation results 
T he  r e s ul t s  a r e  c e nt r a l i ze d i n t he  f ol l owi ng t a bl e :  
 
T a b le  2 - I nte r na l he a t ga in c o mp a r iso n ( kW h/m 2 *ye a r )  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
            Ca lc ula tio n me tho d       D iffe r e nc e  
B uild ing me t ho d      T r a d itio na l  P a ssive ho use  
  T r a d itio na l      9 0 . 6      1 0 3        1 3 . 6 9 % 
  P a ssive ho use      3 3 . 5 4      2 1         -3 7 . 3 9 % _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
4.2 Interpretation 
T he  a s s e s s m e nt  pr e s e nt e d he r e  t a ke s  i nt o a c c ount  t he  e ne r gy c ons umpt i on ne e de d f or  he a t i ng a  
r e s i de nt i a l  bui l di ng wi t h a  ne t  f l or  a r e a  of  142 m 2  i n wi nt e r , c a l c ul a t e d a c c or di ng t o t he  t wo 
me t hods . 
As  t he  r e s ul t s  s how t he  di f f e r e nc e  i n a s s e s s i ng a  hi gl y i ns ul a t e d dwe l l i ng a r e  r a t he r  l a r ge . It  
i s  i nt e r e s t i ng t o not i c e  t ha t  t he  pa s s i ve hous e  me t hod c a l c ul a t e s  a  hi ghe r  e ne r gy c ons umpt i on f or  
t he  t r a di t i ona l  hous e  whi l e  t he  t r a di t i ona l  me t hod a s s e s s e s  a  l a r ge r  e ne r gy ne e d f or  t he  pa s s i ve  
hous e , e a c h one  r e s pe c t i ve  t o t he  ot he r  c a l c ul a t i on me t hod. 
Ba s i c a l l y t he  t r a di t i ona l  me t hod i s  us e l e s s  i n a s s e s s i ng a  pa s s i ve hous e , ma i nl y be c a us e  i t  c a n 
not  t a ke  c or r e c t l y i nt o a c c ount  t he  s ol a r  he a t  ga i n a nd be c a us e  i t  l a c ks  pr ovi s i on f or  a s s e s s i ng 
t he  ve nt i l a t i on s ys t e m he a t  l os s . 
T he  pa s s i ve hous e  c a l c ul a t i on me t hod s hows  r e s ul t s  c l os e r  t o t he  t r a di t i ona l  me t hod whe n 
a ppl i e d t o a  t r a di t i ona l  dwe l l i ng. 
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1 INTRODUCTION 
 
Affordable housing is a well known term to describe dwelling units whose total housing cost 
are deemed to be “affordable” for those who have median income.
 
(Wikipedia, 2009) Several 
elderly and disabled people belong to this sector. Their homes - however it is affordable - have 
to facilitate independent, safe and comfortable life. In other terms the houses should become 
barrier free in case of need.  
Elderly or disabled people – either together, or without, a family of more generations – likely 
prefer to continue their life in their home rather than to move in an institute. In many cases the 
house they live in is the result of their efforts during decades – to leave it may become a 
psychological catastrophe. On the other hand from the point of the society it is more reasonable 
if elderly and disabled people are together with, and taken care by, family members instead of 
establishing and maintaining institutions. This is why the preconditions of the adaptation of 
houses to the needs of elderly and disabled people are of fundamental importance. 
Emphasis is put on adaptability since it seems to be irrational to build all residential building 
according to the rules of universal design. Disregarding some inevitable preconditions, derived 
from the Universal Design concept the possibility to adapt the house to the special needs of the 
users - without high extra cost and destruction – is to be provided 
People with special needs nowadays represent 6 – 8 % of the population – according to the 
statistical forecast this ratio will be higher in the future. 
2 DEMOGRAFIC SITUATION 
2.1 Demographic situation related to disabled and elderly people   
The population structure changes continuously. According to the estimation of the WHO and 
the national statistical data – parallel with the higher life expectancy and the growing 
population - the ratio of elderly people is increasing too. By 2050, the age pyramid shows a 
Sustainable housing for all, respecting disabilities 
András Zöld Dr. 
Budapest University of technology and Economics, Budapest, Hungary 
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ABSTRACT: It is a well known fact that 6 – 8 % of the population is disabled. This ratio 
increases since the ratio of elderly people is increasing – parallel with the age the risk of 
disabilities and the cumulative effect of mobility, sensorial and cognitive impairments increase, 
too. The term “all” includes disabled and elderly people. One of the possible interpretation of 
“sustainability” means that the homes have to facilitate independent, safe and comfortable life 
of these people – in other terms the homes should become barrier free in case of need. 
Reviewing the concept of universal design it can be seen what is the cost of accessibility. It 
seems to be irrational to build all residential buildings as barrier free, however the possibility of 
converting them without high extra cost and destruction should be provided. The aim is to keep 
the affordable houses usable even if the abilities of the inhabitants change.  
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significant difference in age structure of the EU-27’s population. (Fig.1) Expectedly 30% of the 
total population will be aged over 65 years. (Fig.2)  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Proportion of age groups – past, present and forecast. On the vertical axis the age, on each chart 
on the left of the centre line: male, on the right: female. (Eurostat yearbook, 2009.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Proportion of the population aged 0-14 and 65 years and more, EU-27 (1). From 2008 onwards 
the data refer to projection (EUROPOP 2008 convergence scenario). (Eurostat yearbook, 2009.)  
 
The ratio of disabled people increases since the ratio of elderly people is increasing – parallel 
with the age the risk of disabilities and the cumulative effect of mobility, sensorial and 
cognitive impairments increase, too. Elderly people without any kind of impairments could also 
have reduced skills and ability and prefer or may require barrier free environment.   
3 DISABILITY TYPES 
 
The reduced abilities of elderly and disabled people and the requirements of the built 
environment should be well-balanced.  The gap between the reduced abilities and the 
requirements of the environment can be decreased or eliminated from both sides. The 
individual can be provided with assistive devices, such as prostheses, can, crutch, walking 
frame, wheelchair to facilitate his moving. The “response” of the house covers a wide range of 
conceptual design as well as constructional details. Some of them are self explanatory: non 
slippery floor covering, prevention of tripping, collision, easy to use doors and windows. Some 
of them mean the provision of space for the bulky assistive devices. People with balance 
problem can be supported by provision of grab bars and handrails. Limited force and manual 
ability can be expected from people with dexterity – adequate handles, taps, switches may make 
usable the home for them. Certainly in this case first of all the motor disabilities can be 
considered, however partial sighting and some cognitive problem can be responded, too. 
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4 PRECONDITIONS OF ACCESSIBILITY 
 
Some of the generic elements must fulfil the basic requirements of the accessibility from the 
very beginning.  
 
4.1 Door 
Related to the door, 90 cm minimum width of free opening must be kept. This measure 
facilitates a wheelchair user to pass through and comfortable for those using other assistive 
devices (walking frame, crutch) for moving. It would be costly and would require some 
destruction to widen a narrow door later; however a longer bearer above the door as a minimum 
can make it easier.  
It is also essential to have adequate area in front of the door for the manoeuvres to open, pass 
and close the door. Basically, 1,50x1,50 meter on either side of the door should be provided, 
but it can be refined in view of door-type and way of approach. Most frequently used door 
types are hinged and sliding doors, the minimum measures of usage are shown on Figures 3-4. 
This space should be provided either from the beginning or can be made free by removing for 
example a wardrobe. Narrow paths between heavy walls may prevent the adequate solution. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Area of approach and usage with wheelchair. Hinged door 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Area of approach and usage with wheelchair. Sliding door 
 
4.2 Floor slabs 
Bathtub is not usable for people with motor disabilities – they have to use shower in a corner of 
the bathroom. At the deepest point of the room a sinkhole must be provided - if it does not exist 
from the beginning the construction of the floor slab should facilitate its building in. The 
necessary slope of the floor, the diameter of the connecting tube and its slope may require about 
12-15 cm free space above or between the loadbearing elements. (Fig. 5.) 
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Figure 5. Shower place floor layout and section along the slope direction.  
(a) floor level; (b) upper level of loadbearing construction; (c) slope of the floor; (d) slope of the 
connecting tube with diameter 50 mm 
 
4.3 Wall construction 
Fixation of accessories, like handrails and grab bars may become necessary in case of 
adaptation. If light-weight partition walls are used spots or strips with enough loadbearing 
capacity must be provided in advance between 80 and 130 cm above the floor, at both sides of 
the WC (Fig. 6.), at the shower or bathtub for people with motor disability. Further grab bars in 
more premises may become necessary for people with balance problems.   
The loadbearing capacity for WC and shower seat must be about 400 kg, the same in case of 
grab bars should be about 200 kg. 
 
 
 
 
 
 
 
 
 
 
                                                         
  
Figure 6. Fixation points of grab bars at the WC (AWARD, 2009), wash basin and shower (BME, 2009) 
 
4.4 umber of floors 
The number of stories is also worth of considering. In case of dwellings comprising two floors - 
typically semidetached or terrace houses – on the ground floor usually the kitchen, the dining 
and living rooms can be found – sometimes a single WC and a wardrobe. The bedrooms and the 
bathroom are on the upper floor. The two floors are linked by an inner staircase.  
For people with reduced mobility the staircase can be used with less effort providing some 
basic rules are met and easy to grip continuous handrails are mounted. 
Riser higher than 15 cm can cause difficulties for both elderly and disabled people. It is also 
essential not to have nosing and the edge of the step should be rounded (6 mm radius), 
otherwise the foot can stick easily. – Floating stairs - when the riser is completely missing - and 
curved stairs must be avoided, finishing must be non-slippery. (Fig.7) 
For wheelchair users only a stairlift or a lifting platform would make the upper floor 
accessible, however it is beyond the “affordable” solution. Thus already in the stage of 
conceptual design the eventual need of a bathroom and the use of one room as bedroom on the 
ground floor should be pondered. 
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5 FREE CHOICE OF DETAILS 
 
With respect of some details a barrier free solution does not require extra cost and difficult 
elements and facilitates to prevent the need of a future adaptation. 
5.1 Handrail 
Handrails provide safety and support as well, so they must be arranged along the flight of the 
steps, parallel with the pitch line at the height between 90 and 100 cm. In case of need 
additional handrail should be mounted between 70 and 80 cm. Diameter of a comfortable 
circular handrail is between 45-50 mm, fixation point should be at the lower level of it to let 
free moving of the palm. (Fig.7.) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Stair and handrail constructed for low difficulty level  
5.2 Threshold 
Thresholds should be avoided, because they increase the risk of trip and above a certain height 
they can become a barrier for wheelchair user. Nevertheless entrance and terrace doors must be 
air-and watertight – here thresholds are necessary unless a tricky door with built-in threshold is 
applied. Traditional threshold lower than 2 cm is acceptable. In case of existing threshold 
higher than 2 cm the edges should be rounded and additional elements are to be provided 
according to Figure 8.  
 
 
 
 
 
 
 
 
 
Figure 8. Thresholds from left to the right: threshold 2 cm or lower with rounded edges, conversion with 
additional element and built-in (automatic) threshold 
5.3 Siphons 
For wheelchair users it is essential to have free space for knees and feet. It is better to provide 
flat siphons for the wash-basin in advance than to change the traditional one.  
 
 
 
 
 
 
 
 
Figure 9. On the left there is a flat siphon under the wash-basin while the picture on the right side shows a 
traditional one. 
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5.4 Built-in furniture 
The built-in furniture, first of all in the kitchen, should meet this requirement, as well. Certainly 
some of the usual pieces of furniture should be removed only in case of necessity, however if 
free space for feet and footrest in advance is provided then costly and dirty measures can be 
prevented.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Basic extension of people seating in a wheelchair in case of turning 360 degree and the 
recessed foot of furniture (AWARD, 2009) A: Diameter of foot zone (150 cm); B: diameter of shoulder 
zone (85 cm); C: height of foot zone (30 cm); D: height of free space of knees (75 cm); E: depth of free 
space of feet and footrest (30 cm) 
6 ADAPTABILITY 
 
It seems to be irrational to build all residential buildings as barrier free, however the possibility 
of converting them without high extra cost and destruction should be provided. This conversion 
requires some flexibility in the layout.  
Bathroom and kitchen are the most commonly affected premises to be adapted. Several times 
the adaptation needs the enlargement of the floor area – from this point of view it is reasonable 
to have light-weight partition wall at one or two edge(s) which can easily be removed. No less 
important is to have an area in the neighbouring room which can be sacrificed without serious 
consequences if the bathroom is to be extended. (Fig. 11.)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Increased area of bathroom by merging two rooms. The circle is the space requirement of a 
complete turn with a manual wheelchair. Many wheelchair users can seat to the WC and back only if the 
wheelchair is next to the WC. The same requirement should be met in the case of the shower seat which 
can be hinged on both of the rails, depending on the ability of the user. On the right figure sliding door is 
used instead of hinged door, thus - due to the side approach of the sliding door - 120 cm width of the 
existing corridor is sufficient. In case of 140 cm corridor width the hinged door can be kept. 
 
 
 
 
A 
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E 
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Figure 12. Increased area of WC by involving adjacent wardrobe. Many wheelchair users can seat to the 
WC and back only if the wheelchair is next to the WC. Certainly if the user is able to seat through from 
the front side, no extra space is necessary next to the WC, however even in this case the circle with a 
diameter of 150 cm must be provided for a complete turn of a manual wheelchair. 
7 CONCLUSION AND RECOMMENDATION 
 
The usability of the house for elderly and disabled people is of growing importance since a 
considerable and growing percentage of the population has to face the problem whether they 
can remain and live in their home, alone or with their families.  
The rules of the Universal Design cover a wide range of potential disabilities and are to be 
applied in the case of public buildings. The application of the same rules in residential 
buildings from the very beginning would make questionable the affordability of the housing, 
however the homes must be adaptable to a given type of disability (or simply to the reduced 
abilities of elderly people) in case of necessity. 
There are some preconditions of the adaptability. The entrance gate and the doors should be 
wide enough for a wheelchair, possibly without threshold or with a small one only. Space 
should be provided on both sides of the door for wheelchair manoeuvre. Providing the home is 
on two floors, the stair should not be steep, a bedroom and a bathroom should be provided on 
the ground floor. The construction of floor slab should facilitate the building in of sewage 
system. 
Some details do not need explanation. Non slippery floor covering, easy to grip handles, less 
than 25 N force requirement to open the doors are important for elderly and disabled people - at 
the same time safe and comfortable for everybody. Having in mind these aspects, these 
conditions can be provided with no extra cost from the very beginning – these details meet the 
requirements of accessibility without any further change. 
The most difficult measures of adaptation need the following considerations: 
- light-weight partition walls on one or two sides of the bathroom and enough space to 
enlarge it at the cost of the demolition of a wardrobe or decreasing the floor area of the 
neighbouring room, 
- change of bathtub to shower, 
- load bearing lines or points in partition walls where the grab bars may be fixed, 
- change of existing door to sliding door, 
- provision of direct contact between a bedroom and the bathroom. 
All of these aspects can be pondered in advance – the correct solutions make easier the 
adaptation in case of necessity, at the same time do not require many compromise in the 
original design. 
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1 LIDERA SYSTEM 
1.1 Voluntary assessment system 
Sustainable built environment is increasing and is been search in several countries. In order 
to precise and support what is sustainable built environment (or buildings), there is a offer of 
several sustainable building voluntary assessment systems. 
The use of environmental and sustainable voluntary assessment systems are been increasing 
in different countries (Pinheiro, 2010), like BREEAM (United Kingdom), LEED (United States 
of America), DGNB (Germany), or LiderA (Portugal).  
They are a manner to assess what is a good environmental performance and sustainable 
building or built environment and in some cases to support the design, search, or development 
of sustainable solutions. The shift from green building to sustainable building and the future re-
quirements are a challenge for those building environmental assessment tools. 
1.2 LiderA Voluntary assessment system 
LiderA (Leadership for Environment) is a Portuguese voluntary assessment systems that has 
been in use since 2005 and in 2010 published a new version (version 2.0) that is based in envi-
ronmental areas, but include also economic and social areas (Pinheiro, 2010). 
The LiderA as other voluntary assessment systems, has a logic that is defined in the base of a 
detailed criterion set, the way defining the several classes or levels and the respective weights. 
The demand for sustainability in the built environment is based on principles, which cover the 
main aspects considered in six different categories, and they are: 
• Enhance local dynamics and promote proper integration; 
• Promote the efficient use of resources; 
• Reduce loads’ impact (both in value and in toxicity); 
• Ensure environmental quality, focused on environmental comfort; 
• Promote sustainable socio-economic experiences; 
• Ensure the best use for built environments, through environmental management and in-
novation. 
The six different categories were subdivided into twenty two areas, namely: 
• Site and integration, with regard to Soil, to Natural Ecosystems, and to Landscape and 
Heritage 
• Resources, including Energy, Water, Materials and Food Production; 
• Environmental Loadings, involving Wastewater, Atmospheric Emissions, Waste, Noise 
Emissions and Thermal and Light Pollution; 
• Environmental Comfort, in the areas of Air Quality, Thermal Comfort and the Light-
ning and Acoustic; 
• Socio-economic experience, which includes the Access for All, Economic Diversity, 
Amenities and Social Interaction, Control and Participation and Life Cycle Costs; 
• Support sustainable use, which includes Environmental Management and Innovation. 
Can LiderA system promote affordable sustainable built 
environment to all? 
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LiderA is based on the concept of re-positioning the environment in construction, under a 
sustainable perspective, assuming itself as a leading system for the environment. This system is 
organized into categories that include areas of intervention and are operated by criterion (43) 
which allows the guidance and evaluation of the level of demand for sustainability (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. LiderA (version 2.0) categories, areas and criterion 
LiderA performance in each criterion has a scale that is defined from usual practice (Class E) 
to progressive incremental performance, like 12,5% (Class D), 25% (Class C), 37,5% (Class B), 
50% or factor 2 (Class A) 75% or factor 4 (Class A+) and 90 % or factor 10 (class A++). The 
criteria depend of the phase, if it is prescriptive (in initial phase) or a performance base (in de-
tail design or construction or operation). 
So LiderA application in its very initial phase it is use to search for strategies. For example 
for first criteria, Territorial valorization, it must be asked if one can choose a better place to lo-
cate this construction? If you use a new area, occupying new soil without infrastructures in the 
local or nearby, it will be classified as class E; instead if you use a urban zone with infrastruc-
tures that can support the development, we’ve got a class A; if the project is developed in an 
urban contaminated land you are in a class A++, since you regenerate a zone.  
In the sub sequential phases the criteria analysis will support the search for better perform-
ance, by ranking the possible performance levels (level of energy use, % of renewable energy, 
material durability, …) and the decision maker will assess what could be the better level, in or-
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der to be achieved in the accepted budget, what means that in most of the cases the economic 
dimension runs parallel to the assessment. 
2 ECONOMIC DIMENSION AND AFFORDABILITY?  
2.1 Affordable is part of the economic dimension? 
Sustainability can be based in different perspectives; nevertheless, the most common includes 
social, environmental and economic dimensions. The economic base focuses in different as-
pects including costs.  
Affordable is a term used relating to prices, meaning to have enough money to obtain some-
thing, so is a relative concept, usual applied to houses and to describe what total costs are pos-
sible to those that have a median income. 
In that context, an important question is if sustainable have a relationship with affordable? 
The answer is positive since to be affordable is an important part of the economic dimension, 
which can be applied to a building, to a flat and to construction solution. 
Affordable housing provides a useful context to consider the implications of conceptual and 
pragmatic challenges to sustainability (Arman et al., 2009). Affordable and sustainable housing 
adds a complicating factor, because sustainability parameters, including but not limited to int-
ergenerational equality, economic feasibility, social acceptability, energy efficiency and mini-
mization of waste must also be considered.  
While it is a noble goal to ensure that households in affordable housing are also living in 
homes that minimize energy costs and are cost-effective to maintain over the building's life-
cycle, the financial difficulty of how to incorporate costly features remains. In terms of afford-
able housing, Arman (et. al, 2009) demonstrated how many of the common challenges do not 
prevent a meaningful application of sustainability. 
Concerning housing policy which traditionally addresses affordability, there has been a 
strong emphasis on social and economic sustainability objectives without the environmental 
component (Randolph et al., 2008)  
For housing to be considered truly affordable (Zerkin, 2006), it not only needs to be afford-
able concerningprice on the front end, but also concerning long-term operational costs. There 
are several barriers to this like ‘Split incentives’ for developers and the evaluation criteria for 
affordable housing projects. 
Zerkin (2006) precises that in order to cut costs, developers of ‘affordable’ housing typically 
do not invest in high-efficiency appliances, which usually cost more. This is true whether the 
units are going to be for rent or sale. Thus the ‘split incentive’ problem - that the person making 
an investment decision is not the beneficiary of it- is particularly accurate in the arena of af-
fordable housing. 
3 ASSESSMENT SYSTEM – USE AFFORDABLE? 
3.1 Affordable explicitly or implicitly? 
Environmental issues and financial considerations should go hand in hand as parts of the 
evaluation framework. The 1999 Green Building Challenge (GBC) model already includes eco-
nomic issues in the evaluation framework (Larsson, 1999) and that is also present at is new ver-
sion of the SB Tool. This is particularly important at the feasibility stage, where alternative op-
tions for a development are assessed. Both environmental and financial aspects must be 
considered when assessing environmental concerns. 
Some assessment tools, such as BREEAM and LEED, do not include financial aspects in the 
evaluation framework (Ding, 2008). This may contradict the ultimate principle of a develop-
ment, as financial return is fundamental to all projects because a project may be environmen-
tally sound but very expensive to build. Therefore the primary aim of a development, which is 
to have an economic return, may not be fulfilled if the project is financially less attractive to 
developers, even though it may be environment friendly.  
If BREEAM and LEED does not include explicitly financial aspects other newer assessment 
systems explicitly include economic and financial aspects, like DGNB with the criteria (C16) 
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Building-related Life Cycle Costs (LCC) or LiderA with the criteria (C40) life cycle costs. So, 
in this system there have been explicitly included financial aspects, namely in the perspective 
of life cycle. 
The economic aspect gain dimension, as you could see in LiderA, where areas like economic 
diversity involving Flexibility / Adaptability (C31), Local Economic dynamics (C32) or Local 
Work (C33) is present and used in the assessment and in the search of solutions. 
Another analysis that can be carrying out is if implicitly the systems consider the cost or are 
interrelated with “low cost” or “affordable to all concepts”. A global analysis of the four sys-
tems considered show that in most cases the lower level of performance and certification can be 
achieved with low investment in one condition, that is if include the sustainable approach in the 
beginning of the process and if the criteria is selected with lower cost implications. 
As indicate by Castro-Lacouture (et al, 2009) the methodologies can guiding the planning 
and design processes. In these earlier stages of the construction process, planners can make de-
cisions to improve building performance at very little or no cost, following the recommenda-
tions of the decision-making tool.  
So assessment system give an option to low cost or affordable solutions at least in that con-
text once they implicitly consider affordable as one question and it is possible that suck analysis 
is included in the earliest project phase.  
4 LIDERA SYSTEM CAN SUPPORT AFFORDABLE APPROACHES? 
4.1 Performance and costs 
The differences in the systems are in some of the criterion where that could have an impor-
tant economic cost and difference to achieve one credit or one point or one level in different 
criteria, special if they are cost-efficient.  
In order to understand that question and if the system supports affordability, it is selected a 
set of the LiderA cases in where the cost is available. Part of the cases used the first LiderA 
version (V1.02), released in 2005, and they were mainly intended to evaluate, certify or recog-
nize projects within the building scale and respective surroundings and the economic dimension 
is only implicit. The cases analyzed and selected and were: 
1. Hotel Jardim Atlântico (Calheta, Madeira) was built in 1993, comprehending a tour-
istic complex with 97 apartments. Type of use: touristic complex; gross area of con-
struction: 7498 m2. The project’s environmental performance was emphasized by the 
combination of good performance solutions combined with an environmental man-
agement system, that contributed to a good level of service use in tourism and envi-
ronmental performance. LiderA global assessment achieves class A. 
2. Torre Verde - Green Tower (Lisbon) - Promoter: Cooperativa Viver a Luz; Project: 
Tirone Nunes SA; Type of use: housing; deployment area / land: 1225 m2; gross area 
of construction: 7200 m2. A very good balance between Bioclimatic solutions and a 
good performance in energy and comfort, characterizes this project, designed by Ar-
chitect Livia Tirone. LiderA global assessment achieves class A. 
3. Casa Oasis (Estoi, Faro) - Project: Engº Cândido de Sousa Santos, Engº António San-
tos and Arqtº António Cavaco (Landscape Designer); Type of use: tourism. Land: 2 
400 m2, Area of deployment: 160 m2, gross area of building: 240 m2 (ground floor - 
160 m2 and 1st floor - 80 m2). An isolated villa in a rural area of the Algarve region, 
this project includes a set of integrated sustainable solutions, assumed during the de-
sign and implementation phase. LiderA global assessment achieves class A. 
4. Ponte da Pedra (Matosinhos) - Promoter: NORBICETA - Union of Housing Coop-
eratives, UCRL; Project: Carlos Coelho - Consultores, Lda; Type of use: housing; 
Deployment area: 3105 m2, gross building area: 14852 m2 (101 dwellings). Built in 
an urban area this project found solutions to enhance environmental performance in 
areas such as Energy, Water, and Controlled costs, in a combination with the ambi-
tion of the Norbiceta and project’s responsible Arqº Coelho, of building a sustain-
able housing complex. LiderA global assessment achieves class A.  
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5. Parque Oriente (Lisboa) - planning phase - Project: TironeNunes Arqª Lda; Area of 
intervention: 20721 m2; Area of deployment: 9536 m2, gross area of construction: 
41441 m2 (living area: 27912 m2); No. of inhabitants: 720 (planned). A Plan for the 
conversion of an old industrial unit with an advanced approach to sustainability and 
good performance solutions in various areas is proposed by the Bureau of Architec-
ture Tirone Nunes. LiderA global assessment achieves class A in design phase. 
6. Estação de Campo da Peneda (Castro Laboreiro, Melgaço) - Designer: Arqtª Maria 
Inês Cabral. Deployment area: has 100 m2; Lot area: 1000 m2. Built in a natural area, 
the building has 2.5 floors adding up to 210 m2. A careful approach to the buildings 
rehabilitation program, located in Peneda’s National Park, in Gerês, has led to high 
levels of care, in the demand for a sustainable approach. LiderA global assessment 
achieves class A+  
7. Casa dos Arcos (Óbidos) - project phase - Promoter:  Monterg Construções SA. with 
the advice of Ecochoice; gross area of construction: 8 320 m2. The demand for a high 
balance between costs and performance lead to a draft of forty two Villas with envi-
ronmental concerns above average in Óbidos. LiderA global assessment achieves 
class B in design phase. 
8. Centro Escolar Alcanede (Santarém) - project phase. – A school with a gross build-
ing area of 3118 m2, sponsored by Santarém’s municipality with several sustainable 
proposals, covering the areas of energy and comfort as well as several other areas. 
LiderA global assessment achieves class A. 
9. Intituto Superior Técnico (IST) universitary residence - operation phase – Is a resi-
dence to IST students.  225 students, 6746 m2. Possible refurbishment alternatives 
that could pass from global class C to B or A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Perspectives: Ponte da Pedra (case 4) and IST universitary residence (case 9) 
 
In this analyze were included other cases from the new LiderA version that has been devel-
oped to widening the system’s borders, beyond the building scale, to the built environment, in-
cluding a new demand for outdoor spaces, blocks, neighborhoods and sustainable communities. 
The cases selected are: 
10. Touristic Resort of Falésia D'El Rey - Óbidos - project phase. Construction area of 
124 000 m2. This project includes a set of hotels and townhouses, with a combined 
capacity of 3035 beds (construction area of 124000 m2). This project has demon-
strated an excellent environmental performance in Water and Wastewater areas, a 
good performance in Soil, Energy, Air quality, Thermal comfort, and Lighting and 
Acoustic areas. LiderA global assessment achieves class A in design phase.  
11. Vila Lago Monsaraz (Reguengos de Monsaraz) - Promoter: APRIGIUS, Companhia 
de Investimentos Imobiliários e Comerciais S.A; Type of use: hotel, golf, nautical 
resort, tourism. Set in a context marked by a landscape of hills and extensive cereal 
crops, punctuated by vineyards and olive groves, this project provides the underlying 
assumptions for a new tourist resort that not only assures the enjoyment of future us-
ers but also a new cultural and natural experience. The presence of water is consid-
ered as a structural presence of enormous value and scenic landscape. The strategies 
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related to it on site include water management, local materials, recycling strategies, 
buildings orientation, shading by vegetation and new footpaths, contributing to the 
project’s good environmental performance. LiderA global assessment achieves class 
A in design phase.  
12. Hotel Vila Galé Albacora (Tavira) - Promoter: Vila Gale; Type of use: hotel, tour-
ism; Deployment area: 3 105 m2, gross building area: 6841 m². Being certified to 
Class A, the Vila Galé Hotel, achieves an environmental performance 50% superior 
to current practice, suggesting positive solutions from an environmental, economical 
and social point of view. Since it is located on a Natural Park and in a protected area, 
the project achieves good environmental performance in Local Integration, a result 
of careful planning, environmental deployment optimization, heritage, and the reha-
bilitation of buildings belonging to a former Tuna Fishing Company. LiderA global 
assessment achieves class A. 
13. Centro Escolar de Jardim de Baixo (Santarém) - Promoter: Santarém Municipality; 
Type of use: school; Deployment area: 2685 m2, gross building area: 3111 m². This 
project was certified as class A therefore, environmental performance is 50% higher 
than current practice, suggesting that implemented solutions that are positive in 
terms of local environment, economy and society. It includes both in its architecture 
and construction methods, sustainable parameters of safety, landscaping, adaptability 
and maintenance. The project calls for an integrated environmental performance dur-
ing designing and building phases. The choice of native species, the level of energy 
and environmental comfort and the range of materials used are some of the strategic 
measures implemented. LiderA global assessment achieves class A. 
 
When analyze this sample we found a wide range of global costs in construction that begin in 
new buildings in 620 €/m2 (case 4) and in small refurbishment intervention (case 9) with minor 
changes that means 30€/m2 and allows the project goes from class C to B, and in the case of an 
investment of 98€/m2, it could pass from class C to A. With more structural investment, they 
can be implemented solutions that achieve class A++, but that will mean much higher cost. 
In the students residence case, at a thesis co-oriented by the author, Limão (2007) indicate 
that in the process of building reconstruction/renewal (case 9), the reduction of energy and wa-
ter consumption, ambient loads and the improvement of thermal and acoustic conditions consti-
tute the main areas of intervention. From an economic point of view and for the solutions taken 
individually, with the exception of photovoltaic energy, the net present value (NPV) is positive 
(which means it is viable) and the payback time ranges from 1 to 17 years (at a discount rate of 
5%) and from 1 to 13 years (at a discount rate of 2%) to achieve an A class. 
Considering the total solutions Limão (2007) found that the payback time is 16 years at a dis-
count rate of 5% and 13 years at a discount rate of 2%. The environmental performance classi-
fication of the residence according to LiderA, for the themes where the solutions are applied, is 
between the level C and A++. This contribution leads to an overall change from level C (refer-
ence situation) to level A++ (total solutions).  
Overall, the implementation of the evaluated solutions leads to a reduction of 66% in the en-
ergy consumption and 32% in the water consumption, being possible to produce 100% of the 
electricity consumption of the Residence through wind and photovoltaic power. 
A similar conclusion between performance and cost is found with the other LiderA cases, 
presented mainly in the first levels from class E to C or B and in some cases to A. The cost con-
struction until class B and in some cases A is less than 1 to 2 %.  
When considering higher classes like A+ and A++ the cost will have a strong increase, as 
well as local dependency and project typology. The LiderA results agree with most green build-
ings cost (Kats et al., 2008), that is a premium of less than 2%, but yield 10 times as much over 
the entire life of the building. 
When supplementary measures are introduced it is necessary to estimate cost and saving and 
compare it with the alternative. In that context the focus is more centered in ease assess meas-
ures; for example in energy is usual to analyze photovoltaic or other renewable energy than the 
benefits from bioclimatic approach. This resulting that equipments have a cost and will save a 
specific energy level, and to bioclimatic must be applied a simulation instrument (like Ecotec or 
Energy plus) and the specific contribution can de diluted. 
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4.2 Could low cost and high cost be affordable? 
The stigma (Kats et al., 2008) is between the knowledge of up-front cost vs. life-cycle cost. 
The savings in money come from more efficient use of utilities, which result in decreased en-
ergy bills. Also, higher worker or student productivity can be factored into savings and cost de-
ductions. Studies have shown over a 20 year life period, some green buildings have yielded $53 
to $71 per square foot back on investment (Langdon, 2007). It is projected that different sectors 
could save $130 Billion on energy bills (Fedrizzi, 2009). 
The most criticized (Kats et al., 2008) issue about constructing environmentally friendly 
buildings is the price of some active solutions, like photovoltaic, new appliances, and modern 
technologies that tend to cost more money.  
Most of the times affordable are use in the sense of low cost. The concepts low cost and af-
fordable are used in several cases with a similar meaning. However are they the same? and 
when is involving sustainable built houses or environment? Can high cost be affordable?  
To be affordable must be low cost or can it be higher cost if the payment mode allow acces-
sibility to lower incomes, that in some cases it is possible to include a percentage in the mort-
gage and in the rent, proportional of the payback time. 
In LiderA life cycle cost criteria (C40) reveal a global reduce cost resulting in some cases 
from higher investment (e.g. better insulation measures) but lead to structural savings consider-
ing all the life cycle, even with a payback longer than ten years, but that is acceptable because it 
can be defined as structural, which means it will be affordable.  
The resulting question is if it is possible to be payable by average income and the answer can 
be yes, if the private financial scheme to make the payment can be longer or if public entities 
give some support. 
4.3 Municipalities and other authorities contribution 
LiderA system was developed to support new demands for sustainable environments, helping 
public and private and public contractors and authorities to perspective new sustainable ap-
proaches in the build environment. It is important that public authorities like municipalities, 
who play a role in the provision of private licenses, plan and promote public local built envi-
ronment, are involve and give signals to allow sustainable and affordable built environment.  
In that context, LiderA was established several protocols, mainly with public municipal au-
thorities, in order to support their sustainable development. The following protocols represent 
some of the initiatives that are currently underway: 
In the 12th of June 2008, the Municipality of Santarem signed a protocol with the Certifica-
tion System of Environmental Sustainable Construction - LiderA at Instituto Superior Técnico 
(IST). Due to this protocol the Municipality of Santarém is committed to conduct environ-
mental practices applied to construction of buildings, in an integrated and interactive way.  
Builders and planners who adhere to environmental certification will benefit from a reduc-
tion of 50% on the certification fee and also a reduction of 25% on the rates of urban operations 
in this municipality. Due to this factor, the Municipality has already build and certified two 
schools that were clearly recognized by LiderA for its good performance (Class A) and that 
have budgets similar to other schools. A new sport infrastructure is already under development 
and also a proposal for a new private development. 
So the city of Santarem becomes a pioneer municipality in the application of environmental 
certification in the construction and give market signals that invest in sustainable is the way. 
 Such as the Municipality of Santarém, in the 18th of September 2009, the municipality of 
Torres Vedras signed a new protocol regarding the application of the LiderA system. As a re-
sult, the Municipality can promote the sustainable development of public or private enter-
prises/buildings within its borders and spectrum of action. The protocol provides a reduction of 
25% on urban operations rates for new enterprises/buildings, in the city, that become certified 
by LiderA.  
In the 12th of November 2009, the Municipality of Lisbon approved the reduction of 50% on 
Council Tax (IMI) for buildings that have the certification with higher classes according to Lid-
erA system. As a result, annual council taxes will be reduced and as a consequence buildings’ 
operation fees will diminish. These are positive examples that can promote not only sustainable 
built environment but also its affordability.  
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5 CONCLUSIONS - CREATING AN AFFORDABLE SUSTAINABLE BUILT 
ENVIRONMENT? 
The main conclusions of this discussion paper are that the assessment systems like LiderA, 
DGNB, BREEAM and LEED (at least in the first certifying classes) can be use as a way to 
promote affordable and better built environment, at least implicitly in the way the first levels 
(thresholds or classes) are defined. 
 In that context they can promote affordable sustainable built. The degree of the affordability 
and the solutions adopted can give a strong or weak support, depend of the context of the build-
ing service and the building market. 
An important aspect is that the life cost criteria is included, as in DGNB and LiderA, and can 
be well applied. In LiderA case it was difficult to get full detailled costs, and to more passive 
measures or new solutions it can be hard to estimate the benefits and savings and to understand 
the precise payback, resulting in strong limits to further life cycle cost approach. 
This economic dimension and life cycle in assessment systems like LiderA is necessary but 
cannot be enough to assure affordability, because if in LiderA until class B the costs are in gen-
eral affordable, in the sense of a low investment, even in some criterion that is not possible, so 
to higher classes, in some cases, to be affordable cannot be based only in low cost investment. 
In that dimension a new financial approach and a role of public authorities can be decisive or 
another fundamental dimensions associate with the users’ behavior that allows increasing the 
environment and sustainable performance. 
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